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Technical note

RTV silicone elastomers in hand prosthetics: properties,
applications and techniques

M. E L. LEOW and R. W. H. PHO

Department of Orthopaedic Surgery, The Narional University of Singapore, Singapore

Abstract

In this technical note, an overview of RTV
(room-temperature-vulcanising} silicone
elastomers is provided. The properties and
applications of 3 different types of RTV
silicones in producing prostheses for the hand
are discussed. Vinyl polysiloxanes are excellent
silicone impression materials that offer the
advantages of a rapid cure, near exact
duplication of fine details and ease of removal of
the cured impression without permanent
deformation. RTV-2 dimethyl polysiloxanes are
ideal for mould-making and tabricating
prostheses given their favourable qualities that
range from ease of pigmentation, adjustable
consistency, manageable curing rate and
accuracy in recording fine details in the liquid
state to excellent stain-resistance, elasticity and
biodurability in the vulcanised state. RTV-1
dimethyl polysiloxanes are self-curing, ready-
for-use silicones that adhere adequately well to
most substrates and are useful for extrinsic hue
modifications and waterproofing of the
prosthesis. The basic techniques for each of
these applications are also discussed.

The cure-inhibition of addition-curing RTV
silicones by sulphur-. tin- and nitrogen-
containing contaminants and its damaging
consequence is highlighted. A compilation of
known contamninating agents is provided so that
prior contact with these objects can be avoided
when working with addition-curing silicones.
The precautionary measures to prevent the
problem are also outlined.
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Introduction

Siliconc elastomers, because of their unigue
combinations of qualitics, have expanded the
armamentarivm available to prosthetists and
added to the quality of rehabilitation for many
patients. Silicone elastomers are now being used
to produce roll-on suction sockets for both lower
and upper limb prosthetics, prostheses for the
upper limbs and maxillo-facial region, in
addition to insoles in podiatry. However, many
practitioners arc inadequately familiar with
silicone materials and their fabrication
techniques, particularly as applicd to hand
prosthetics, There are several rcasons for the
unfamiliarity, Firstly, silicone products are
reaclily available from established manufacturers
without the need for the practitioner to be
directly involved with their fabrication.
Secondly, presthetic programmes offered by
educational institulions worldwide do not
normally include laboratory instruction on the
fabrication of aesthetic upper limb prostheses
which must include silicone as a material of
choice. Thirdly, the number of published reports
on the exploitation of silicones in prosthetics did
not seem 1o match their application growth in
this field. However, the future will likely see a
continued widespread use of silicones in
prosthetics and present a challenge to the general
practitioners to broaden their scope of
capabilities to include silicone impression/
fabrication techniques.

The authors have worked with the various
grades of silicones over the past 11 years in the
course of developing and fitting hand and finger
prostheses (Leow ef al., 1998, 1997 and 1996;
Pereira er al, 1996). Despite their many
qualities, a sound understanding of the physical
properties and manipulative variables of silicone
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holiow mould which is then inverted to drain off
the excess material, leaving behind a thin layer
of silicone adhering to the inner surfaces. The
silicone layer is cured to a solid but supple
prosthesis and withdrawn from the mould.

A significant drawback of silicones lies in
their poor tear strength which. depending on
grades, ranges (4-27kg/cm. die B {Lynch,
1978). For prosthetic application, lear strength
can be increased by reinforcing the prosthesis
with nylon [abric where it is prone to tearing,
such as the proximal section which is subject to
repeated stretching during donning and doffing.
Reinforcement cun be achieved by lamination of
the fabric between silicone layers. For a strong
reinforcement, thc moulding mixture must be
fluid enough to permeate the intricate mosaic of
fibres and pores of the fabric

RTV-1 dimethyl polysiloxanes — for finishing
prostheses

RTV-1 mcthyl silicones are ready-for-vse,
self-curing silicones widely used in the industry
as sealants, adhesives and coating agents. The
time-consuming pracess of colour-matching that
would expose the material to atmospheric
moisture and (rigger the curing process makes
them unsuitable as a base wmaterial for
fabricating prostheses. However, becausc of
their self-curing property and good adhesion to
substrates as varied us wood, glass, masonry,
metals, plastics and all types of silicones, RTV-
1 methyl silicones are useful when finishing a
prosthesis. The clear soft paste grades can be
pre-mixed with colour pigments and used to
render subtle shades extrinsically on a
completed prosthesis to camouflage minor
colour discrepancies. They can also be used to
seal and waterproof the [oamed material used to
fill the hollow segment of the prosthesis —
keeping a prosthesis dry at all times is important
in preventing fungal growth (Leow ef af., 1997).
Another advantage is that small amounts of the
material usually needed for thesc thinly coated
finishings can be readily dispenscd and cured.

Cure inhibition of addition-curing RTV
silicones

A property peculiar to addition-curing RTV
silicomes is their susceptibility to cure-inhibition
by sulfonatcs, amines, urethanes, unsaturated
hydrocarbon plasticisers, organometallic salts
and materials containing sulphur, tin and

nitrogen (Hechtl. 1991; Lynch, 1978). When
addition-curing silicones come into contuct with
these materials, the curing process is inhibited,
leaving an uncured ot tacky surface at the
contaminated arcas, the cure-inhibition 1s caused
by the “poisoning” of the platinum catalyst by
the contaminants which impairs the crosslinking
process necessary for full vulcanisation.

Despite its detrimental effect, documentation
on the subject of cure-inhibition of addition-
curing silicones has been scarce and brief, even
in textbooks on silicone technology.

More deserving attention was confined to
dental literature bui these reports concerned only
vinyl polysiloxane impression material, with
latex gloves being solely incriminated as the
contaminating agent (Browning ef af, 1994;
Kahn and Donovan, 1989). The tact that RTV-2
methyl silicones, widely used for mould-making
and [abricating prostheses, are equally
susceptible 1o cure-inhibition cannot be
overstated. A completed prosthesis so affected
would have to be rejected as no subsequent
attempts can cure it into a resilient rubber.

Unfortunately, since it is frequently not
possible 1o tell the chemical contents (e.g. as
sulphur-containing) of the cbjects around from
the outset. a contaminaling agent is often
identified only after a curc-inhibition has
occurred. A beneficial contribution would
thereforc be a compilation of a list of known
contaminating agents so that prior contact with
these objects can be avoided when working with
addition-curing silicones. Muny commonly used
ilems are unsuspecting menaces that loom large
in a laboratory. Based on the authors™ expericnce
and printed information from two leading
silicone  manufacturers, some  common
contaminating agents include:

(i)  soft PVC tapes (adhesive side);

(1)  masking rapes (adhesive side);

(iii) modeiling clay containing sulphur;

(iv) neoprene;

(v} polyesters;

(vi} plastics containing residoal plasticisers;

(vii) RTV silicones containing organo-tin
catalyst;

(viii} latex gloves;

(ix) vinyl gloves;

(x} rubber bands;

(xt) ink erasers and any such rubbery items.

New contaminating agents can be added to the
list as and when they are discovered. As an
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added insurance against a potential cure-

inhibition, the following precautionary measures

should be observed working with addition-
curing RTV silicones:

1. a pre-test to uscertain full care is
recommended whenever new modelling
malerial 1s to be used;

2. use a clean brush when applying release
agent on models or moulds;

3. use disposable vinyl or polyethylene gloves
— latex and vinyl gloves are forbidden,

4. if bare hands are to be used to handle
madels, be mindtul of any prior contact with
konown contaminating agents (¢.g. hands that
had prcviously worn latex gloves!);

5. as an added protection, wash hands
thoroughly with washing liquid;

6. discard any contaminated models or moulds
and start anew — do not wash and re-use.

When a cure-inhibition has occurred, it is
important to identify and eliminate the source of
the contamination so that it is not carried onto
the subsequent procedures. Although thorough
wushing of the contaminated surfaces reduces
the extent of the problem, the contaminants are
extremely stubborn and difficult to remove

completely. It certainly helps to know that just a

minute amount of contaminant 1s sufficient to

produce a damaging cffect.
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