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Abstract 
Background: There is a growing search for innovations in dental materials and instruments and, therefore, an in-
crease need to optimize the instruments used in the absolute isolation. The gold standard procedure contributes sig-
nificantly to the quality of restorative and endodontic procedures. Thus, the aim of the present study was to evaluate 
the radiopacity of polyethylene terephthalate polymer clamps and compare them to conventional metal clamps. 
Material and methods: The polyethylene terephthalate clamp was developed at the University of Uberaba (Patent 
application #PI0901719-4, Uberaba, MG, Brazil). Five polyethylene terephthalate clamps and five conventional 
metal clamps were used. The clamps were positioned, next to an aluminum scale, under the same phosphor plate 
to perform 3 radiographs. The locator cylinder was set perpendicular to the radiographic films at a focal length of 
20 cm and set to 60 kVp and 0.06 seconds. After image processing, optical density values were read using DBWin 
5.0.4 software. The mean of the 3 readings taken on each clamp was adopted as the radiodensity of the specimen. 
The differences between the groups were compared using Student’s t-test (p<0.05). 
Results: Polyethylene terephthalate clamps demonstrated significantly lower radiopacity than conventional metal 
clamps (p<0.05). 
Conclusions: Polyethylene terephthalate clamps have lower radiopacity when compared to conventional metal 
clamps.
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Introduction
Absolute isolation is essential for the quality and op-
timization of  dental restorative (1,2) and endodontic 
procedures (3,4). In addition to reducing contamination 
by microorganisms, oral fluids and cross-infection, they 
allow for better visibility and safety in the handling of 
some materials and instruments. Furthermore, in pedia-
tric dentistry practice, we can still point out that absolute 
isolation contributes to the management of child beha-
vior (5,6). The technique eliminates the discomfort of 
cotton rolls in addition to minimizing the sensation of 
invasion felt by the child in some procedures.
Several techniques for absolute isolation have been 
proposed (7-9). Absolute rubber dam isolation is still 
the gold standard technique for all types of procedures 
(7,10). It can be said that the choice of the ideal clamp is 
directly proportional to the optimization of the technique 
(7). Thus, the performance of metal clamps widely used 
(7,10). The metal clamps allow dam stability and even 
retraction of the gingival tissue (11). However, disad-
vantages such as injuries to dental and gingival tissues, 
intraoperative sensitivity, difficulty in handling, cost and 
influence by overlapping images have also been mentio-
ned (9,11-13).
 Scientific evidence has proposed clamps and adaptations 
in order to reduce injuries to dental and gingival tissues 
as well as intraoperative sensitivity (7,11,14). Polymer 
clamps were proposed because they are more malleable 
and facilitate adaptation (8,15,16). It is worth noting that 
radiopacity and cost still prevail in these clamps types. 
Given the above, it is assumed that polymer clamps de-
veloped from polyethylene terephthalate may be a viable 
option. In addition to radiolucency, polyethylene tere-
phthalate is inexpensive and readily available (17,18). 
Thus, the aim of the present study was to evaluate the ra-
diopacity of polyethylene terephthalate polymer clamps 
and compare them to conventional metal clamps.

Material and Methods 
-Experimental design
Polymer clamps developed at the University of Ubera-
ba (patent application #PI0901719-4) and conventional 

metallic camps commercially available and commonly 
used in clinical practice were evaluated in this study, as 
listed in Table 1. Five clamps of each material were used 
for radiopacity analysis. 
-Analysis of Radiopacity 
The Siemens Heliodent 60B X-ray machine (São Paulo, 
SP, Brazil) and the VistaScan Mini Easy system (Dürr 
Dental, Bietigheim-Bissingen, Germany) were used to 
obtain the radiographic images in this study. The clamps 
of both compositions were positioned on a phosphor pla-
te next to a 12-level aluminum scale. The aluminum sca-
le ranges from 1 to 12 mm and considers the zero level 
to be a direct exposure on the phosphor sensor (100% 
of the emitted radiation). The locator cylinder was set 
perpendicular to the radiographic films at a focal length 
of 20 cm and set to 60 kVp and 0.06 seconds . Each spe-
cimen was exposed to ionizing radiation simultaneously 
for 3 times (19).
Optical density values under the images were read using 
DBSWin Imaging Software 5.0.4 (Air Techniques Inc. 
Melville, NY, USA). DBSWin Imaging is a software 
based in Windows. It is capable of measuring density 
curves of digital radiographs obtained by digital X-rays 
impregnating on the VistaScan Mini Easy sensor. The 
density measurement tool automatically measures gray 
scale values in the image. Only regions that were free of 
air voids, gaps, cracks or other similar defects were eva-
luated. A mean of 3 consecutive readings was obtained 
to evaluate the clamps of each group.
-Statistical analysis
The differences between the groups were compared 
using Student’s t-test. The significance level was set at 
5%.

Results
Table 2 shows the mean and standard deviation (SD) 
in pixels of the radiodensity of constituent parts of the 
polymer clamp and the conventional metal clamp. The 
percentage of radiation that passed the clamps and rea-
ched the phosphor plate is also presented. The polymer 
clamp is less radiopaque when compared to the conven-
tional staple (p<0.05).

Clamps Type Composition Manufacturer
Polymer clamp Indicated for molars; it has a curvature 

that improves gingival cleareance and 
gives more stability; does not have wings

Polyethylene 
terephthalate

Patent application # 
PI0901719-4, Uberaba, 

MG, Brazil
Conventional 
metal clamp

Clamp #26
Indicated for molars; it has a curvature 
that improves gingival cleareance and 

gives more stability; does not have wings

Martensitic 
stainless steel AISI 

420

Duflex®, Juiz de Fora, MG, 
Brazil

Table 1: Clamps characteristics.
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Polymer clamp Conventional metal clamp
Mean (SD) % radiation Média (DP) % radiation

Constituent parts of clamps
Bow 9717.5 (425.1) 94.4 1844.0 (100.2) 17.9
Wing 9575.7 (302.1) 93.1 1967.8 (50.9) 19.1
Overlap

7966.7 77.4 0.0 0.0

Table 2: Mean and standard deviation of radiodensity of constituent parts of the poly-
mer clamp and the conventional metal clamp. The percentage of radiation that passed the 
clamps and reached the phosphor plate is also presented. 

Figure 1 illustrates the radiograph of the polymer and 
conventional metal clamps together with the aluminum 
scale.

Fig. 1: Illustration of the radiographs of the polymer and conventional metal clamps together with the aluminum scale.

Discussion
Absolute isolation using a rubber dam and clamps re-
mains the gold standard for performing procedures in 
dental practice (7,10). However, several disadvantages 
regarding the difficulty of the technique with conventio-
nal metal clamps, patient sensitivity, cost, and overlap-
ping of images, when radiographic complementation is 
needed, are often highlighted (9,11-13). Some adapta-
tions to conventional metal clamps have already been 
suggested (8,15,16). In view of the above, the aim of 
the present study was to evaluate the radiopacity of pol-
yethylene terephthalate polymer clamps and compare 
them to conventional metal clamps. Our results demons-
trate that the polyethylene terephthalate polymer clamp 
is significantly less radiopaque than conventional metal 
clamps. This result mainly highlights the ease of obtai-
ning radiographic images.
In order to contribute to innovations in the dental mar-
ket and provide professionals and patients with com-
fort and safety during dental practice, the University of 
Uberaba (UNIUBE) developed a “Device for Absolute 
Isolation in Invasive Dental Procedures” (patent appli-
cation #PI0901719-4) which can be easily described by 
a polyethylene terephthalate polymer clamp. The clamp 
is placed in the oral environment with the aid of forceps 
(clamp holder), after placing the rubber dam. The sea-
ting tabs adhere completely to the dental element, enve-
loping it by means of the tabs and/or the auxiliary circu-

lar rubber; procedures similar to conventional clamps. 
(7,10) However, the polyethylene terephthalate polymer 
clamp developed by UNIUBE stands out from the other 

clamps available on the market, since it has radiolucen-
cy and does not cause overlapping images on the dental 
tissues.
Radiolucency/radiopacity is an important property of 
dental materials and instruments. Such characteristics 
are measured by optical density. The greater the degree 
of darkening, the greater the density of the material/ins-
trumental and the smaller the amount of light that will 
pass through the radiograph when placed in front of a 
negatoscope or light focus (20). By reading the optical 
density values of the clamps tested in this study, we ob-
tained as a result that conventional metal clamps, due 
to their high molecular density, absorb all photons, not 
letting radiation reach the phosphor plate. Such an asser-
tion implies 0.0% of radiation exceeded and the absen-
ce of superposition of the image of the metallic clamp, 
forming a radiopaque image. The polyethylene tere-
phthalate polymer clamp, on the other hand, has a low 
molecular density, allowing the photons to pass through 
the material and reach the phosphor plate. 77.4% of the 
radiation passes through the material, causing an overlap 
and forming a radiolucent image.
Polyethylene terephthalate is widely produced in texti-
le, packaging, construction, automotive and biomedical 
industries (17,18,21). Among its main advantages over 
other polymers, one can cite biocompatibility, excellent 
thermal and chemical stability, high hydrolytic stability, 
ease, low processing cost, considerable lightness, and 
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aesthetics (17,18). It can be noted that in terms of ther-
mal stability, polyethylene terephthalate is stable when 
heated at temperatures below 230 °C for 50 minutes, 
which suggests the possibility of sterilization as well as 
conventional metal clamps. On the other hand, the ease 
and low cost of processing also imply the hypothesis of 
disposable use.
It is worth note that another type of polymer clamp is 
described in the scientific literature (8,15,16). This does 
not show radiolucency; such a polymer clamp was spe-
cially developed to reduce damage to dental and gingival 
tissues. Because polymers are more flexible, they result 
in less pressure on the tooth surface and become more 
comfortable for the patient (10). Even without testing 
the flexibility of the polyethylene terephthalate clamp 
and patient comfort, it is suggested that due to the afo-
rementioned properties of the material, characteristics 
such as these can be achieved.
Finally, the main advantage of the polyethylene tereph-
thalate polymer clamp is highlighted, as it does not pre-
vent the visualization of dental structures and materials 
arranged under dental tissues; other studies are needed 
to complement evidence on its adaptation and durability 
for the optimization of dental practices. 

Conclusions
Polyethylene terephthalate polymeric clamps show less 
radiopacity when compared to conventional metallic 
clamps.
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