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SYNOPSIS

The precautions to be taken and the procedures to be followed
when giving intramuscular injections are well known, but they are not
always satisfactorily observed under conditions such as those met
with in mass treatment campaigns against the treponematoses, nor
is the importance of employing uniform techniques always suffi-
ciently appreciated. In this paper, the authors present a brief review
of the recommended techniques and procedures, covering all aspects
of intramuscular injection from the choice and maintenance of
equipment to the carrying-out of the actual injection.

Introduction

Intramuscular injections are important in all mass campaigns against
the treponematoses and are an everyday concern of the field staff.

The techniques used in different campaigns vary considerably. It is
probable that not all of the variations introduced are good, since, for
example, the prevalence of abscesses resulting from these injections, although
always low, is higher in some areas than in others. A brief summary of
some of the practices in use in the field, together with a reference to some
recent publications, might be useful to those carrying out intramuscular
injections of penicillin in treponematoses campaigns, as well as to super-
visory staff. A broader review of the techniques employed in such campaigns
has been contributed by Hackett & Guthe (1956).

* This article will also be published, in Spanish, in the Boletin de la Oficina Sanitaria Panamericana.
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Equipment and its maintenance

Syringes
The hypodermic syringes used are of three main types: glass-metal

(Fig. 1); all-glass; and nylon (Fig. 2). The glass-metal and all-glass
syringes have been used for many years and are well known. There are
numerous varieties of each. The pistons of some brands of syringes will
only fit one particular barrel, while the pistons and barrels of others are
interchangeable with those of syringes of the same capacity. The piston
must fit snugly yet freely into the barrel.

FIG. 1. GLASS-METAL SYRINGE
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The piston of the nylon syringe does not fit snugly into the barrel.
Its contact with the barrel is made liquid-tight by a narrow elastic ring,
which is fitted into a groove at the end of the piston nearest the nozzle end
of the syringe. The pistons and barrels of nylon syringes are interchangeable
with those of syringes of the same capacity and make. The graduations on
the barrel start from the elastic ring, when the piston completely fills the
barrel. The usual and most practical size of syringe for use in treponema-
toses campaigns is 10 ml graduated into millilitres.
A syringe should be discarded as unusable when:
(1) it is sucking in air or leaking at the nozzle or piston;
(2) the nozzle is broken off (in all-glass syringes);
(3) the graduations are no longer visible and cannot readily be re-

marked;
(4) the piston is immovably fixed in the barrel.

In some areas all discarded syringes must be returned to the supply base
when replacements are requested.

Syringes should be thoroughly cleaned with soapy water and a test-
tube brush, then rinsed with clean water before resterilization. At the end
of the day's work they should be similarly cleaned and dried, so that they
will be ready for sterilization at the start of the next day's work.

Glass-metal syringes can, on an average, be used for over 1500 injections
before they have to be discarded. Nylon syringes can be expected to give
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FIG. 2. NYLON SYRINGE
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several times that number of injections. The nozzles of all-glass syringes
are easily broken off.

The nozzle of a syringe may be central or eccentric. The former is
preferable for intramuscular injections, but the latter has no disqualifying
disadvantages. Of the two main sizes of nozzle, the Luer, or American
Luer, is the larger and the Record is the smaller. In Fig. 3 the measurements
of the tapers of the nozzles are given.

When syringes are ordered, the type of syringe (whether glass-metal,
all-glass or nylon), its capacity and graduations, the position of the nozzle,
and the type (size) of nozzle should be specified.

FIG. 3. LUER AND RECORD NOZZLE TAPERS
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Needles

Needles should be made of stainless steel. The hub fits on the nozzle
of the syringe and must make a liquid-tight joint (Fig. 4). If the sizes of
nozzles and hubs do not agree, an adapter must be used, but this trouble-
some arrangement should, if possible, be avoided.

The different diameters of the shafts of needles are usually given as

Standard Wire Gauge (SW) numbers. The relation of these gauge numbers
to millimetres is as follows:

SW number Millimetres SW number Millimetres
16 1.65 22 0.70
17 1.45 23 0.65
18 1.25 24 0.55
19 1.10 25 0.50
20 0.90 26 0.45
21 0.80 27 0.40

The lengths of the shafts of needles may be given in inches or millimetres.
The points of needles may vary, but for intramuscular injections the

regular (surgical) bevel with an angle of 120 is usual (Fig. 5). Other bevels
are intravenous (or short, English) 180, intradermal 300, and blunt 450.

Needle points should be strong and have a cutting edge which will
make an incised opening sufficient to accommodate the full thickness of
the shaft of the needle without excessive strain on the surrounding skin
(British Medical Journal, 1956). On removal of the needle, the edges of the
incision should fall together to avoid undue seepage of the injected fluid.
Good needle points will reduce the pain of the insertion. " A flat or slightly
concave point with sharp edges [Fig. 5,1] enters the skin and tissue easily
but causes trauma and seepage and possible afterpain. The flat needle
point with cutting edges slightly beveled to a less acute angle [Fig. 5,3)
seems to be the most satisfactory design" (Schwidetzky, 1950).

FIG. 4. HYPODERMIC NEEDLE
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The points of needles are easily damaged and, when bent, become
hooked. The point is usually flat on the bevelled surface, and the bevel is
usually on one of the flat sides of the hub. Franz & Tovell (1956) recommend
a flat bevel ground on the sides, so that its cross-section is elliptical (Fig. 5,2).
This also reduces the risk of hooking.

FIG. 5. HYPODERMIC NEEDLE POINTS
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Used needles should be cleaned and thoroughly washed through by
squirting warm, soapy water, followed by clean water, from a 2-ml syringe.
If necessary, a stylet may be used. The hub of the needle should be cleaned
out with a piece of cotton wool on the end of a swab-stick. If the needle
is not to be resterilized immediately, it should be washed through with
industrial methylated spirit, air should be blown through it, and a stylet
inserted to protect its point.

Forsbach needle-holders with metal or porcelain wheels (4.75 inches,
or 12 cm, in diameter) have been used in some campaigns. These holders
have spaces for 31 needles in a single layer and facilitate the exchange of
used for sterilized needles in syringes during campaigns. They are made to
take Vim needles, the hubs of which are larger and square. These needle-
holders are often called " Vim discs ".

When needles are ordered, the diameter and length of the shaft, type
of syringe nozzle they are to fit (Luer or Record), as well as the type of
point, should be specified. The needles used for injecting PAM are usually
18-20 SW gauge and 1.5-2.0 inches (40-50 mm) long.

Where large numbers of needles have to be sharpened, a machine is
desirable. It might be wise if a needle-sharpening machine were available
at base, and if needles were returned from the field for resharpening by one
or two experienced assistants.

With a little practice, considerable skill can be acquired at sharpening
needles by hand. For this, a fine-grained oil stone (Arkansas stone) measur-
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ing about 4.0 inches x 1.25 inches (10 cm x 3 cm) and a x 8 magnifying
glass to inspect the points are needed.

" The stone is placed near the edge of a table or bench and fastened, if possible, so

that both hands may be used. Light mineral oil, applied to the stone, prevents clogging

FIG. 6. SHARPENING OF NEEDLE POINT
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Reproduced by kind permission of Dr 0. Glasser
and The Year Book Publishers Inc. Chicago, Mll.
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of the grinding surface, hastens sharpening, hinders the formation of burrs and gives a
smoother finish. The needle is attached to the barrel of a tuberculin or small hypodermic
syringe and gross damage is repaired [see Fig. 6]. [The needle may be held for sharpening
by thrusting it through the side of a cork, at the correct angle, so that the bevel is flush
on the flat end of the cork.] Then the flat bevel of the needle is placed flush on the stone
and gentle pressure is applied with the index finger of the other hand. The finer and
longer the needle, the less pressure advisable. Most needles have the flat bevel of the
point aligned with the flat side of the needle hub. This helps to keep the needle in proper
position during honing. Sharpening is accomplished with forward and backward motions,
moving laterally across the stone to prevent cutting a groove in it.

" To produce the sharp point, the angle of holding is raised to about twice the angle
previously used. The needle is turned less than 1/4 turn to the right, and several back-
and-forth motions are applied. The left-side bevel is treated similarly until a keen point
is obtained. Any inside burrs are removed, using the point of a heavy gage needle or
any sharp instrument [a stylet]. Any outside burrs on the bevel may be scraped off with
a sharp instrument or heavy gage needle, or removed by pushing the needle through a
piece of felt. After sharpening, it is well to draw the back of the needle across a piece of
gauze to see that there are no fish-hook points or burrs" (Schwidetzky, 1950).1

With moderate care an average of about 500 injections per needle may
be expected.

Other equipment
The following items of equipment are also required:

Sterilizer with cover, tray and heater
Tray with cover
Dressing jar
Syringe rest
Forceps and scissors
Clean towels, sheets and cotton wool
Soap, basins, water and gowns for injectors
Iodine solution and methylated spirit

Sterilization of Syringes and Needles

There is some variation of opinion regarding the sterilization of syringes
and needles. An authoritative statement has been made by the Committee
on the Sterilization of Syringes of the Medical Research Council (Great
Britain, Medical Research Council, 1945): 2

" Complete bacteriological sterility can be achieved only by sterilization in the auto-
clave or hot air oven. Boiling in water will destroy all pathogenic bacteria except those
that produce resistant spores. Boiling in water to which a little sodium carbonate has

1 Reproduced by kind permission of the Editor, Dr M. 0. Glasser, and The Year Book Publishers Inc.,
Chicago, Ill.

2 Reproduced by kind permission of the Medical Research Council and the Controller of Her Britannic
Majesty's Stationery Office,London
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been added will kill spores as well as non-sporing bacteria, but cannot be recommended
as a method for sterilizing syringes, because the residual alkalinity of the syringe may
destroy certain of the drugs and biological products to be injected. Chemical disinfec-
tants, including alcohol ... if they kill spores at all, do so very slowly, and cannot always
be relied upon to destroy even non-sporing bacteria in syringes.

" The word ' sterile ', therefore, applied to a syringe and needle, implies that the
syringe and needle have been through the process of sterilization in the autoclave or hot
air oven. It is often loosely applied to a syringe that has been boiled. Since accidents
due to spore-bearing bacteria have proved rare, a boiled syringe may be accepted as
reasonably safe where sterilization in the autoclave or hot air oven is impracticable, but
a boiled syringe is not necessarily sterile, and its safety cannot be absolutely guaranteed ...

" It is essential to keep syringes [and needles] for injection separate from those used
for aspiration [of blood]...

" Sterile syringes and needles must be placed in sterile covered containers ...
" Before being re-sterilized, the syringe must be thoroughly cleaned by being washed

in warm soapy water, using a test-tube brush ... for the barrel."

Sterilization may be incomplete if debris or coagulated protein are in
the syringe. All-glass and nylon syringes can be sterilized while assembled,
but glass-metal ones must be separated because of the different expansion
rates of the glass and metal. The procedure for sterilization by boiling is
detailed as follows:

" The piston and barrel of the syringe, the needle and a pair of dissecting forceps
are placed separately in cold or warm water (not above 50°C) in the sterilizer. Syringes
should not be dropped straight into water which is already boiling, or they may break."

After the water is brought to the boil the instruments should remain in
boiling water for at least 15 minutes. (The MRC Memorandum says " for
not less than five minutes ".)

" The lid of the sterilizer is then removed, and inverted on the table. The tray contain-
ing the syringes and needles is lifted out and placed in the lid by means of two pairs of
sterile (flamed or boiled) forceps or, failing forceps, with clean dry fingers, provided,
however, that the handles of the tray are above water level. The water in the sterilizer is
poured away, the tray at once returned to sterilizer, and the cover immediately replaced.

" When the syringe is reasonably cool and dry, the barrel and piston are assembled
with the aid of sterile forceps, or with clean dry fingers, care being taken to touch only
the outside of the barrel and the head of the piston. The needle should be fixed to the
barrel by means of the sterile forceps, and should not be touched with the fingers."

It is, of course, obvious that every precaution must be taken to avoid
contamination of piston, barrel and needle after their sterilization.

" After assembly, the syringe should be returned to the empty sterilizer and covered
with the lid until it is used. It should not be dished up in any other container, unless this is
covered and has been previously sterilized; neither should it be transferred to alcohol.

" If an instrument sterilizer is not available, the syringe should be boiled in a saucepan
fitted with a lid. After boiling, the water is poured off gently, the lid being held to retain
the syringe inside. The saucepan should then be left covered till the syringe parts are cool
enough to assemble. If this method is used, it is an advantage to thread the needle through
a piece of lint, to afford some protection to the point."
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Preparation of Vials and Filling of Syringes

Procaine benzylpenicillin (penicillin G) in oil with 2% aluminium
monostearate (PAM) is received in the field in rubber-capped sterile vials
usually containing 10 ml of the drug. On the label of each vial is the expiry
date and the batch number. The batch number of the vials used each day
should be recorded in case it should be needed later.
PAM should conform to the WHO recommendation (WHO Expert

Committee on Venereal Infections and Treponematoses, 1953). On receipt
in the field there should be only a thin layer of clear oil at the top of the
PAM. Before use, each vial should be vigorously shaken so that its contents
are uniformly suspended.

When the metal cover FIG. 7. SITE OF INJECTION
of the vial is removed, the
rubber-cap thus exposed
should be swabbed with
700 75 alcohol (methyl-
ated spirit) or tincture
of iodine, and left cov-
ered with the swab.

A needle with a wider 4
bore than that used for --
the injections will make
it easier to fill the syr- U)
inge from the vial. This
needle is mounted on the
syringe, which should Scia
contain some air, and is nI.
then plunged through the
prepared rubber cap. The -l
air is injected into the vial;
the vial and syringe are
inverted, and the PAM is
drawn into the syringe.

The whole contents
of the vial should be re-
moved at once if several
injections are to be given.
Otherwise, the quantity
of PAM taken from the
vial should not exceed an
amount that can be used
in a reasonably short R tl lue
time.The pary e dA to be used for injectiontime. The partly emptied ,z' . .,
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vial should be protected from contamination by covering the rubber cap
with an iodine spirit swab, the original metal cover, or with a clean drinking
glass. Before the rubber cap is punctured again, it must be resterilized.

In some campaigns, the PAM is not aspirated from the vial, but after
the rubber seal and neck of the vial have been sterilized, the seal is levered
off and the contents of the vial are poured into the syringe barrel. When
10 ml have entered the syringe, the piston is inserted, and after the air in
the syringe has been expelled, the syringe is ready for use. The vial thus
practically emptied is drained by inverting it on to a similar vial; by this
means, practically no PAM is lost. This procedure has been widely practised
for several years in areas where large numbers of injections are given over
short periods, and no ill-effects have been observed.

The quantities of PAM used should be accurately accounted for in
terms of 10-ml vials.
-In total mass treatment, with a maximal adult dose of 4 ml, the average

dose per person is usually between 2 and 3 ml.

Preparation of the Patient for the Injection

Site of injection

Intramuscular injections can be given into any accessible muscle mass
which is not near large blood-vessels or nerves. The sites most frequently
used are:

(1) the gluteal muscles of the buttock;
(2) the deltoid muscles of the shoulder;
(3) the external vasti muscles of the lateral part of the thigh.

Unless the person is muscular, not more than 2 ml should, as a rule, be
injected into the deltoid. Up to 6 ml can be injected into the gluteal and
vasti muscles, but if a larger dose at one time is required, it should be
divided into two injections.

It is essential to avoid the large blood-vessels and the sciatic nerve, which
run through the medial part of the buttock; hence all intramuscular injec-
tions into the buttock are given into the upper lateral quadrant (Fig. 7).
In some persons, the needle must traverse a thickish layer of subcutaneous
fat to reach the muscle. For adults the needle should be inserted 1.0-1.5
inches (25-40 mm) but it should not reach the deeply underlying bone.
If this occurs a sudden resistance is felt, and the needle should be withdrawn
a quarter to half an inch (6-12 mm) or more before the injection is given.
The injection must be made into the muscle mass.

While the injection is being given the patient may stand, resting the
weight of the body on the other leg. In some campaigns, the patient sits
on a chair, which ensures the relaxation of the muscle and at the same time
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makes injections near the large nerves very unlikely. Small children may
be held over the shoulder of a parent or attendant.

When injections are made into the deltoid, the patient's hand should be
on his hip and the injector should hold the deltoid between his left thumb
and fingers.

The site of injections into the antero-lateral muscles of the thigh should
be approximately on the middle of a line running from the trochanter to the
upper surface of the patella. Here the muscles are thickest, and the thickness
of the subcutaneous fatty tissue layer, which in this area varies with indi-
viduals, is usually not more than about half an inch (12 mm), except in
very fat persons. Therefore, if the needle is inserted vertically for just over
an inch (25 mm), its point will be in the middle of the muscle mass in normal
persons; a little less depth is needed in very thin adults and in children.
There are no important blood-vessels or nerves that might be injured
(see Fig. 7) and the resulting pain or stiffness is no greater than that expe-
rienced after injections into the buttock. Some workers have adopted this
site in preference to the buttock. There is less inconvenience to the patient,
since the site is readily accessible. Moreover, should an abscess develop,
which is very unusual, the damage will be less, because the incision will be
in the direction of the muscle fibres, the cavity will be shallower and the
patient will be able to sit with much less discomfort.'

Disinfection of the skin

The skin over the site of injection must be prepared so that the chances
of the needle carrying in bacteria will be greatly reduced. This is an essential
precaution.

In some campaigns, where the intramuscular injections are given into
the buttock, the skin is scrubbed with soap and water. However, even if
such preliminary cleaning has been thought necessary, it is still essential
that, after drying the skin, an area of about 2 inches (50 mm) in diameter
over the site of injection be firmly swabbed with tincture of iodine or
70 %-75 % alcohol (methylated spirit). This must be allowed to dry before
the needle is thrust through the skin. By allowing the area to dry, time is
given for the iodine or spirit to destroy bacteria; the chances of any iodine
or spirit being carried in with the needle are reduced, and pain is avoided.
Once the area has been prepared for injection, it must not be touched
before the needle enters the skin.

The Injection
The injector should wash his hands from time to time and should wear

a clean overall every day to cover his ordinary clothing. The preparation

The information in this paragraph has been kindly contributed by M6decin-Colonel R. Beaudiment,
Director, Service d'Hygiene Mobile et de Prophylaxie, Brazzaville, French Equatorial Africa.
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of the patient for injection should be methodical and without fuss. The
injection should be given in a way that will not distress the patient nor
alarm the onlookers, many of whom may be about to receive an injection.
A quiet but cheerful and friendly atmosphere should be maintained.

If injections are being given to a few patients, one at a time, the patient
should come and stand before the injector. If many patients are to be given
injections, they will usually stand in line facing away from the injector (or
injectors) and the injector will come to each in turn. If the injection is to
be given into the buttock or thigh, there should be a hand-rail or other
support for the patient to hold.

After the skin of the buttock has been prepared, it is stretched slightly
upwards with the left hand, so that when the injection has been given and
the needle has been removed, the skin is released and the skin puncture lies
some distance from the needle track in the deeper tissues. In this way,
seepage of the PAM will be less likely. On the lateral thigh, the skin should
be stretched backwards or forwards by the left hand. The skin on the
shoulder should be similarly stretched away from the track of the needle.

The filled syringe, from which all air has been expelled, is held in the
right hand, with the point of the needle 1 or 2 inches (25-50 mm) away
from the skin and at right angles to it. Any drops of PAM at the needle
point should be shaken off. The needle is then firmly and without deflection
thrust through the skin, subcutaneous tissue and into the muscle in a single
rapid movement. This causes little or no pain if the needle point is sharp.
The point of the needle should penetrate 1.0-1.5 inches (25-40 mm) below
the skin, depending upon the size of the patient, but less deeply in children.
Some of the shaft of the needle should be visible between the skin and the
hub, so that if the needle is broken off at the hub, it can easily be extracted.

After the needle is in the muscle, and before any PAM is injected, the
piston of the syringe should be drawn back a little in order to see if any
blood has entered the syringe. The presence of blood indicates that the
needle point has entered a blood-vessel. In such cases, the needle should be
withdrawn and another injection attempted. In some campaigns this pre-
caution is taken by inserting the needle without the syringe; the hub is
watched for blood before the filled syringe is attached and the injection is
given. Should blood appear in the syringe, the syringe as well as the needle
must be thoroughly cleaned and sterilized before further use. Some workers
feel that the insertion of the needle alone is less easy than when it is attached
to a syringe, and also that there is more opportunity for contamination.

When the needle is in the muscle, the piston is pressed into the barrel
until the required dose has been given. The top of the syringe barrel may
be held between the second and third digits and the piston pressed in by
the head of the first metacarpal. However, the pressure required by the
viscosity of the PAM will often cause the barrel to be held in the left hand
and the piston to be pressed by the right. The injection should be given
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slowly and the patient should be carefully observed. Should the patient
show any disturbance the injection should be stopped immediately.

After the injection has been given, there should be a pause of 10 seconds
to allow the PAM to spread, in order to reduce leakage. The hub of the
needle is then held against the nozzle of the syringe and both are rapidly
withdrawn. If the left hand has held the syringe, it should again deflect
the skin when the needle is withdrawn.

The site of the injection should then be vigorously massaged for a few
seconds with a dry swab. This will help to distribute the PAM in the muscle
and reduce the chance of its flowing back along the needle track; at the
same time any PAM remaining at the site of puncture will be wiped away.
It is wise to give the intramuscular injection always into the same side-
for example, always into the right buttock-so that if anyone presents
himself for a second injection within a day or two of the first, his deceit
will be revealed by the puncture mark of the previous injection.

Before the patient is dismissed, care should be taken to ensure that he
feels no untoward effects and that the injection site is not bleeding. Such
harmless bleeding sometimes follows the rupture of a small superficial
blood-vessel and requires only the brief application of a cotton wool swab.
Ampoules containing 2 ml of a 1 in 1000 solution of adrenaline (epine-
phrine) and a sterile 2-ml syringe and needle, together with some anti-
histamine drugs suitable for parenteral and oral administration, should
always be immediately available for the treatment of any ill-effects after
the injection.
A freshly sterilized needle should be used for each PAM injection, but

the same syringe may be refilled several times, and continued in use provided
it does not become contaminated. It must be borne in mind, however,
especially in times of medical emergency, that the removal of the needle
from a syringe after use may contaminate the nozzle. The sequence of
sterilization, filling of syringes and injection is summarized in Fig. 8.

RItSUMIE

I1 devient urgent de fixer des normes techniques minimums pour les injections intra-
musculaires de benzylpenicilline (PAM) appliquees dans les campagnes de masse contre
les trepon6matoses.

Les auteurs examinent les questions qui se posent 'a ceux qui effectuent le travail
pratique et a ceux qui le contr6lent. Ils 6numerent les divers instruments et discutent
de leur entretien (seringues, aiguilles, sterilisateur et materiel accessoire). Ils passent en
revue les prockde's en usage pour la sterilisation des seringues et leur remplissage, la
preparation des malades (localisation de l'injection, desinfection de la peau), ainsi que
la technique d'injection. Ils soulignent les avantages de certaines techniques et signalent
les inconvenients que presentent d'autres d'entre elles.
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