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ABSTRACT

INTRODUCTION: The advantages of injection molding system (IMS) are precise adaptation of acrylic 
to master cast, continuous compensation of acrylic shrinkage, low porosity and better physical properties 
of dentures. Traumatic, toxic and allergic complications are reduced. The existing IMS produces only one 
denture at a time. Using standard capsules leads to waste of material. Removable partial acrylic dentures 
(RPAD) with wire clasps haven’t been fabricated yet.

MATERIALS AND METHODS: The objective is to construct a device for serial injection fabrication of 
acrylic dentures optimizing both working time and cost of restoration. The device should:

 ❖ provide a precise adaptation of material to master cast

 ❖ reduce residual monomer

 ❖ fabricate a lot of dentures for a short time

 ❖ fabricate RPAD with wire clasps

 ❖ optimize the amount of material.

A prototype of the device is designed and constructed.

RESULTS: The new device is based on the existing IMS.

The following improvements are applied:
 ❖ The serial fabrication is achieved by dividing the injection and polymerization process by including a 

specially designed cap which is fixed on the flask after acrylic injection. It provides continuous pressure 
during the polymerization process. This allows fabrication of large number of dentures at the same time, 
injected by a single pneumatic cylinder.

 ❖ RPAD with wire clasps are fabricated by fixing the clasps with cold-cured acrylics and mechanical retention 
in the master mast.

 ❖ Capsules for multiple fabrication are used.

CONCLUSION: A serial injection of large number of dentures as well as separate processing of each of 
them is possible at a time. The waste of material is reduced. Fabrication of RPAD with wire clasps is achieved.  
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INTRODUCTION

Total edentulism rates are getting lower in the 
USA (1) and other developed countries (2) but for 
Eastern Europe are still too high (3).

Prosthetic treatment with conventional com-
plete dentures is a common decision for such cases be-
cause of the lower cost and approximately good clin-
ical results such as satisfactory mastication, speech 
and esthetics. Besides financial problems, common 
health status and general medications could prevent 
other possible options such as implant treatment and 
overdentures. All these make conventional complete 
dentures pretty common prosthetic restorations for 
our country.

Conventional cuvette technique (compres-

sion moulding technique) is widely used for fabrica-
tion of acrylic complete dentures. But this technique 
has some significant disadvantages such as increased 

vertical dimensions (4,5); higher porosity; spheri-

cal deformation; higher acrylic shrinkage; inaccu-

rate fit of the material to the master cast and larger 

amount of residual monomer (6).

All these disadvantages are eliminated by using 
Injection moulding system. 

In 1942 Pryor offered injection processing of 
poly methyl methacrylate in order to reduce acrylic 
shrinkage (7).

The injection moulding technique has proved 
its advantages during the years: precise adaptation 

of acrylics to the master cast, continuous com-

pensation of acrylic shrinkage due to inflowing 

acrylic material and constant high pressure dur-

ing the whole polymerization process, better phys-

ical properties of dentures, lower porosity, high de-

gree of homogeneity and minimum level of residu-

al monomer (8,9,10,11).

Acrylic dentures using injection moulding of 
acrylic resin reduce traumatic, toxic and allergic 

complications. Patients’ comfort is guaranteed by the 
precise fit of the acrylic dentures as well as minimum 
level of residual monomer and easy maintenance.

By now complete acrylic dentures and remov-
able partial acrylic dentures with acrylic clasps has 
been fabricated by injection moulding technique. 
No evidence was found during our research about 
making removable partial acrylic dentures with wire 
wrought clasp.

Also only one denture could be made at a time 
with one device. 

Last but not least, using standard capsules with 
poly methyl methacrylate resin

 leads to waste of material because the quantity 
of the material is usually more than enough for injec-
tion of one denture but not enough for two dentures.

Our purpose is to offer some improvements in 
the existing devices for injection moulding of acryl-
ic resin in order to expand the area of appliance- fab-
ricating of removable partial acrylic dentures with 
wire wrought clasps. Also we’d like to optimize the 
laboratory working time and the quantity of the nec-
essary material by introducing an option for seri-
al injection moulding with one and the same device 
and different capsule sizes with different quantity of 
acrylic resin enough for fabrication of several den-
tures during the serial usage mode of the device.

The new improved device should:

 ❖ provide a precise adaptation of material to the 
master cast

 ❖ reduce the residual monomer

 ❖ fabricate a lot of dentures for a short time

 ❖ fabricate partial acrylic dentures with wrought 
wire clasps

 ❖ optimize the amount of necessary material

MATERIALS AND METHODS

A prototype of the device is based on the exist-
ing systems. 

One of them is the injection system IVOCAP by 
Ivoclar Vivadent (Fig. 1).

The wax denture pattern is prepared for 
processing by investing in a dental flask and 
dewaxing. Inside the flask a mould space is formed 
for acrylic to fill in. 

A standard capsule containing powder and liq-
uid of acrylic resin is mixed in a separate device.

A pressure apparatus, a capsule with meth-
yl methacrylate and a flask are fixed together using 
two vise shanks, a safety loop and a clamping frame. 
The injection of the acrylic resin (methyl methacry-
late) into the flask is done by the pressure apparatus 
under pressure of 6 bars. The pressure stays constant 
during the whole curing process in order to compen-
sate the acrylic shrinkage by injection of new acrylic 
amounts. Both pressure apparatus and flask are oc-
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cupied during the polymerization process and cool-
ing. After that the pressure apparatus and flask are 
separated. The processed denture is deflasked, fin-
ished and polished.

The injection process in the improved system 
(Fig. 2) repeats the existing one. The denture pattern 
is invested in the two halves of the flask (8). After 
dewaxing, inside the flask (8) a mould space, corre-
sponding to the acrylic part of the denture, is formed.

In the upper part of the flask (8) the capsule 
plunger (7) for standard capsules or capsules with 
different volume of acrylic resin (used for serial fabri-
cation of 2, 4 or 6 dentures) is situated.

The flask is attached to the pneumatic cylinder 
(1) through two vise shanks (5) and a safety loop (6). 
This is the injection unit.  

The pneumatic cylinder (1) (type NWT 50.80) 
has a manometer (2) and a control part with locking 
valve (12). 

The locking valve opens or closes the high pres-
sure outlet (11). The injection of the acrylic resin into 
the mould space of the flask is done by the extrusion 

piston (4) under pressure 6 bars (the locking valve is 
opened).

The locking valve is closed so the pressure sup-
ply is over. The extrusion piston goes up and the 
pneumatic cylinder and the flask are separated by re-
leasing the vise shanks and safety loop.

A sealed lid (9), shown in details on Fig. 3 and 
Fig. 4, is fixed on the flask (8) through two vise 
shanks (5) and a safety loop (6) (Fig. 5). The lid could 
resist 10 bar pressure which is necessary because a 
high pressure outlet (11) is attached to the sealed lid 
in order to supply pressure 6 bars during the polym-
erization process instead of the pneumatic cylinder.

Fig. 6 shows the polymerization unit, consist-
ing of the flask (8), the sealed lid (9) and the clamp-
ing frame (10). 

The polymerization unit is put in water bath 
for curing the acrylic resin (35 min from the begin-
ning of boiling) and after that in cold water bath for 
the cooling process (30 minutes). Then the acryl-
ic denture is deflasked so the flask, the sealed lid 

Fig. 1. The injection system IVOCAP by Ivoclar Vivadent
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and the clamping frame are ready for a new denture 
fabrication.

During all this time the pneumatic cylinder is 
free for acrylic injection of other flasks. The injection 
moulding takes 5 minutes which means that a single 
pneumatic cylinder could inject at least 15 flasks dur-
ing the curing and cooling process of the first flask. 
This improves the efficiency of denture fabrication 
and reduces the necessary time. 

Fig. 2. The injection unit of the improved system: 1- pneu-
matic cylinder, 2-manometer, 3-base of vise shanks, 4 – 

extrusion piston,  5 – vise shank, 6 – safety loop, 7 – cap-
sule holder, 8 –flask, 11 – high pressure outlet, 12 – con-

trol part and locking valve of pneumatic cylinder

Fig. 3. A sealed lid – side view 

Fig. 4. A sealed lid – front view

Fig. 5. Parts of polymerization unit: 5 – vise shank, 6 – 
safety loop, 7 – capsule holder, 8a and 8b – two halves of 
flask, 9 – sealed lid, 10 – clamping frame, 11 – high pres-

sure outlet
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The capsules consist of monomer and polymer 
of acrylic resin (methyl methacrylate) in ratio recom-
mended by the producer. The acrylic resin is mixed 
in a separate device. The diameter of its capsule hold-

er is standard so it could be used with standard cap-
sules and capsules with different volume due to dif-
ferent length of the capsules suitable for serial fabri-
cation of 2, 4 or 6 dentures. The mixing is done by re-
ciprocating and rotating movements for 45 seconds. 
After 300 seconds the mixing device turns off auto-
matically (Fig. 7). 

The fabrication of partial acrylic dentures with 
wire wrought clasps is possible if dentures are invest-
ed in flasks in a particular way. 

A mechanical retention is formed in the dental 
stone of the master cast (Fig. 8.1). The retentive clasp 
arm is fixed to the master cast by self-curing trans-
parent acrylic resin (Fig. 8.2). After that the wax pat-
tern of the partial denture is finished on the master 
cast (Fig. 8.3). The clasp arm located on the abutment 
tooth could be fixed in two ways. 

The first one is by removing the dental stone 
tooth, forming a mechanical retention in the dental 
stone and fixing with self-curing acrylic resin (Fig. 
8.4 and Fig. 8.5.). The second way is by covering the 
master cast and the clasp arm with dental stone (ex-
cept for the artificial teeth and wax). 

In these ways the claps is stable on the master 
cast and there is no risk of displacement during in-
jection moulding. 

The denture is invested in a flask (Fig. 8.6). 
After injection moulding, polymerization process, 
cooling, finishing and polishing the partial denture 
with wire wrought clasps is ready (Fig. 8.7). 

Fig. 6. The polymerization unit: 5 – vise shank, 6 – safe-
ty loop, 7 – capsule holder, 8 – flask, 9 – sealed lid, 10 – 

clamping frame, 11 – high pressure outlet

Fig. 7. Mixing device
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RESULTS

The serial fabrication of acrylic dentures is 
achieved by dividing the injection and polymeriza-
tion process by including a specially designed sealed 
lid which is fixed on the flask after acrylic injection. 
It provides continuous pressure during the rest of 
the polymerization process. This allows fabrication 
of larger number of dentures – at least 15, injected 
one by one by a single pneumatic cylinder (the injec-
tion unit) and 15 polymerization units for finishing 
the polymerization process of the acrylic dentures 
in water bath especially when capsules with differ-
ent volume are used. In comparison the existing sys-
tem could be used for fabrication of only one den-
ture at the same time. This makes the improved sys-

tem more efficient as far as working time and mate-
rial are concerned. 

The standard capsules could also be used with 
the improved device but we also offer capsules with 
different volume for serial fabrications of 2, 4 or 6 
dentures. The diameter of the capsule is one and the 
same but the different length of the capsule provides 
different quantity of acrylic resin. 

Removable partial acrylic dentures with wire 
wrought clasps are fabricated by fixing the clasps 
with cold-cured transparent acrylic resin and me-
chanical retentions in the master cast.

Fig. 8. Fabrication process of partial acrylic dentures with wire wrought clasps 
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DISCUSSION

The injection moulding system is a more accu-
rate method for processing dentures compared to the 
standard compression moulding technique. 

The fabrication process of complete dentures is 
optimized by dividing the injection and polymer-

ization process by introducing a specially designed 

cap (a sealed lid) which is fixed on the flask after 
acrylic injection for keeping constant high pressure 
during polymerization process. 

At least 15 dentures could be processed (inject-
ed and cured) with the improved system compared 
to only one denture with the existing system for one 
and the same time.

The waste of material is reduced by 30% by 
capsules with different volume due to the number 
of injected dentures. The application of the system 
is expanded – partial acrylic dentures with wire 

wrought clasps could be made by simple fixing of 
the clasp with self-cured resin and mechanical reten-

tions in the master cast.

CONCLUSIONS:

The introduced improvements of the existing 
injection moulding system solve some problems in 
dental laboratory work. The working time and the 
cost of the prosthetic restorations are reduced. An-
other type of partial dentures – partial acrylic den-
tures with wire wrought clasps, could be fabricat-
ed. This would be very efficient and useful in bigger 
dental laboratories such as those in dental faculties 
where dental students fabricate removable dentures 
on their own.
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