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INTRODUCTION

The success of fixed dental prostheses depends on a vari-
ety of factors like selection of material, ideal design, the 
technique of impression and maintenance of proper oral hy-
giene. The accurate finish line geometry plays a major role 
in the survival of the restoration. This will be accomplished 
by proper retraction of the gingival tissue surrounding the 
prepared tooth. The retraction of gingiva is the method of 
deflecting the gingival tissues away from the tooth and 
helps in proper recording of the finish line of the abutment. 
Retraction of the gingiva will produce horizontal and verti-
cal space around the prepared finish line facilitating ample 
space for the introduction impression material.1The precise 

recording of the finish line geometry will achieve good 
marginal adaptation along with better durability as well as 
the success of the restoration. The gingival displacement 
technique has been categorized as, chemical, mechanical, 
surgical and a combination of the above.2 Most commonly 
employed technique is the chemico-mechanical method, in 
which retraction cord is used with hemostatic agent.2,3In 
mechanical or chemical-mechanical method the imple-
mentation of retraction cord on the prepared tooth is well 
known in practice compared with rotary gingival curettage 
and electrosurgery because of the irrelative predictability, 
success, and safety.4 To achieve effective gingival displace-
ment, a cord of adequate thickness can be used to retract 
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ABSTRACT
Introduction: In Prosthodontics, impressions are required to produce indirect restorations with accurate fit. The main objective 
of impressions for fixed dental prostheses is to displace the gingival tissue and register the finish lines and prepared abutments 
accurately. To acquire preventive therapeutic, and aesthetic properties, the margins of restoration are accurately positioned in 
the prepared finish line of the abutment. In tooth-supported and implant-supported fixed prostheses, impression making requires 
an accurate record of the prepared finish line area, particularly where the finish line is located at the same level as gingiva or 
sub-gingiva. The Gingival retraction can cause tissue injury, bleeding, apical recession when proper positioning and minimal 
force application are not followed. Ideally, the retraction technique choice must be simple, quick, and inexpensive and should not 
cause damage to periodontal tissues. This article is an attempt to present the technique that involves the fabrication of a custom-
ized gingival cuff for abutment tooth by 3D printing technology using thermoplastic polyurethane material. 
Aim: The primary goal of this technique is to reversibly displace the gingival tissues such that an adequate amount of low-
viscosity impression material can be introduced into the widened sulcus and records the marginal detail. 
Result: The customized 3D printed gingival cuff was packed into the gingival sulcus using a cord packer facilitated easy gingival 
retraction without damaging the surrounding gingival tissue.
Conclusion: This technique greatly reduces the marginal discrepancy of the final restoration with minimal trauma to the gingi-
val tissues and achieve a desirable emergence profile of the restoration especially when the finish line is at, or just within, the 
gingival sulcus.
Key Words: Impression making, Finish line, Marginal discrepancy, Gingival retraction, 3D printing, Polyurethane material
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the gingiva so that sufficient amount of impression material 
can be introduced into the gingival sulcus. The larger diam-
eter cord that causes minimal trauma while placing in the 
gingival sulcus should be used. A common error of inexpe-
rienced dental practitioners is using a small diameter gin-
gival cord. Although these cords cause less trauma, they do 
not provide sufficient gingival displacement of the gingival 
tissues.5Redesigning the retraction cord and application of 
the minimum force can easily over the drawbacks of using 
the retraction cord technique.

The main aim of the technique is to fabricate a customized 
mechanical gingival retraction cord for abutment tooth by 
3D printing technology which acting as an alternative to the 
conventional mechanical gingival retraction method. Vari-
ous dental products are fabricated by Additive manufactur-
ing which acts as a potentially useful technique. Of the vari-
ous 3D printing technology available, the Fused deposition 
modelling printer is a robotic glue gun; an extruder moves 
over a stationary platform or vice versa.6 The software slices 
objects into various layers and transfers the coordinates to 
the printer. Thermoplastic materials must be used. Biode-
gradable polymer polylactic acid is the most commonly used 
material. Similar materials have also been used as scaffold 
structures for ‘bioprinting.7Thermoplastic polyurethane are 
widely made available as biomaterials in the field of medical 
science for fabricating various medical devices. 

The Gingival cuff designed here is a customized 3D printed 
one using thermoplastic polyurethane material to facilitate 
a simple, inexpensive and easy gingival retraction method 
without damaging the surrounding gingival tissue.

The proposed technique was approved by the Institutional 
scientific and Ethical Review Boardand prior approval was 
procured before the commencement of the study (IEC ap-
proval:1475/IEC/2018). 

TECHNIQUE

1.	 Measure and record the dimension of the gingival sul-
cus of the tooth to be prepared using William’s Perio-
dontal Probe by inserting it parallel to the long axis of 
the tooth and move along the tooth. The sulcus depth 
is measured from the deepest point of penetration to 
the free gingival margin. (FIG-1)

2.	 Obtain upper and lower diagnostic impressions.
3.	 Measure the buccolingual and mesiodistal width of the 

tooth to be prepared from the diagnostic cast of the 
patient using a digital Vernier calliper. (FIG-2,3)

4.	 The recorded measurements are loaded in the CAD 
designing software (CATIA V5-[Part1.CATPart]) 
(FIG-4). The CAD designing of the gingival cuff is 
done with the following measurement:

	 • � The Inner diameter of the cuff: Mesiodistal and la-
biolingual diameter of the tooth

	 • � The height of the cuff: Gingival sulcular depth of 
respective tooth

	 •  The angulation for the outside slanter: 2o

Finally, which makes it as an oval shape sketch design.

5.	 Print the retraction cord in the 3D printing machine 
(Ultimakersophie, Model no. ULTIMAKER 3P03, 
Brand-IMIK, Utrecht Netherlands.) using 0.2mm noz-
zle size and material used being thermoplastic polyu-
rethane material. (FIG-5,6).

6.	 After tooth preparation, insert the customized gingival 
retraction cord using a cord packer, tack the cord in the 
sulcus from the mesial side of the tooth to the distal 
crevice and retaining it in the sulcus for 3-4min. (FIG-
7).

7.	 The 3D printed cord is removed from the gingival sul-
cus and an elastomeric impression is obtained.

In comparison with the existing commercial gingival retrac-
tion cords, this customized gingival retraction cord by 3d 
printing technology is advantageous in terms of time, ma-
nipulation of gingival tissue, controlling of bleeding and is 
very cost-effective. It even controls the thickness of the cord, 
so that it can deliver a constant amount of force onto the 
gingival tissue.

DISCUSSION

The purpose of this technique was to analyse the impact of 
the gingival displacement on the marginal fit of a restora-
tion. A properly fit restoration prevent the damage of the 
periodontium.3Gingival tissues are sensitive to mechanical 
or chemical trauma.8 The main drawback of the chemical-
mechanical method is the rapid collapse of sulcus after the 
removal which prevent accurate impression making, Trauma 
to epithelial attachment, Time-consuming, Risk of sulcus 
contamination, Painful.1In the conventional method, the 
amount of displacement takes time and most of the time it 
leads to trauma of the gingival tissue because the operator 
is not aware of the sulcular anatomy. Many studies have 
described the use of knitted or braided, impregnated or 
unimpregnated strings or fibres of different materials as a 
mechanical gingival displacement method.4The unique knit-
ted design of the retraction cord can exert a gentle, constant 
outward force following placement, and as the knitted loops 
try to open, it dilates the free gingival margin.9Some of the 
drawbacks reported can be listed as the traumatic injury to 
the gingival tissue by slippage of the instrument or exces-
sive packing force during packing eventually resulting in 
gingival recession. Mechanical compression built up in the 
sulcular area limits the GCF flow but once the cord is re-
moved rebound increase in GCF flow can occur compromis-
ing moisture control. In this technique, the sulcular anatomy 
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is pre-measured and based on the readings the 3D cuff is de-
signed digitally and fabricated to occupy the exact form and 
shape of the gingival sulcus. This will prevent compression 
and trauma to the gingival tissue thereby helps in achieving 
the desired displacement aiding in finish line exposure. Ad-
ditive manufacturing or 3d printing according to the Ameri-
can Society for Testing and Materials (ASTM) is the process 
of joining materials to make objects from 3D model data, 
usually layer upon layer, as opposed to subtractive manu-
facturing methodologies.6The material used thermoplastic 
polyurethane is a biocompatible material with good abra-
sion resistance and tear resistance, so the chances of tearing 
during placing it into the sulcus are less and it is cost ef-
fective.10 Thermoplastic polyurethane (TPU) are linear, seg-
mented block copolymers with excellent properties such as 
durability, flexibility, elasticity, biostability fatigue resistant, 
and insulating properties. These polyurethanes have a vital 
role in developing many medical devices such as catheters, 
endotracheal tubes, blood bags, drug delivery vehicles, heart 
pacemakers connectors, orthopaedic splints, vascular grafts 
and patches.11 Because of non-thrombogenic characteris-
tics polyurethanes are used in cardiovascular areas.12 TPU 
comprises hard and soft segments.13Diisocyanide and short-
chain extender molecules like diols or diamines are used to 
manufacture the hard segments. The high interchain inter-
activeness of hard segments is due to the hydrogen bonds 
and even acts as reinforcing fillers for the soft matrix. On 
the contrary, soft segments which have long, linear flexible 
polyether or polyester facilitates the interconnecting of two 
hard segments. Hard segments differ from soft segments in 
terms of rigidity and polarity.14 TPU is a biocompatible mate-
rial with good abrasion performance; high tear propagation 
resistance; high damping power; and high resistance to oils, 
fats, and many solvents.15

Limitations of the study:
•	 The amount of gingival retraction obtained is not 

quantified.
•	 It requires an in-office 3D printer.
•	 The incorporation of haemostatic agents can be em-

ployed in future studies.

CONCLUSION

This article described a customize gingival retraction cord 
fabricated using 3D printing technology which aids as an 
alternative to the conventional gingival retraction method 
with improved properties in terms of feasibility and com-
patibility. The gingival retraction technique is easy and 
safe to use. Thus, the newly advanced technique is cost-
effective and even controls the thickness of the cord, so 
that it can deliver a constant amount of force onto the gin-
gival tissue.
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Figure 1: Sulcus measurement. 

Figure 2: Measuring the buccolingual width.

Figure 3: Measuring the mesiodistal width.

Figure 4: CAD designing software (CATIA V5-[Part1.CAT-
Part]).

Figure 5: 3D printing machine (ultimate Sophie). 

Figure 6: Thermoplastic polyurethane. 

Figure 7: Customized 3D Printed gingival retraction cord.


