
RESEARCH ARTICLE

Perforation rate of intraoral barriers for direct
digital radiography
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Objectives: This study aimed to assess the perforation rate of intraoral barriers for a direct
digital sensor according to the barrier application.
Methods: Four types of plastic barriers with different thicknesses and one type of latex finger
cot were applied using six modified techniques. The perforations in barrier samples of six
groups were examined by a water pressure test. The differences in the perforation rates among
the six barrier applications were calculated.
Results: The least perforation occurred in Group 4 (0.08-mm-thick single barrier, 22%) and
the most in Group 1 (0.04-mm-thick single barrier, 58%). An ANOVA test revealed statistical
differences in the perforation rate among the groups (p5 0.00; 95% confidence interval,
0.326–0.403).
Conclusions: The use of double barriers can be helpful in reducing the perforation rate of
intraoral barriers.
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Introduction

Digital radiography has now become widely accepted in
the field of dentistry and has led to many changes in oral
and maxillofacial radiology. Digital radiography has
several advantages over film radiography. To begin with,
digital radiography has a wider dynamic range; therefore,
the radiation exposure to patients can be reduced. Fur-
thermore, the elimination of chemical processing and
processing errors saves time and reduces radiation ex-
posure. In addition, images can be stored permanently
without any degradation of quality. Because of these
benefits, digital radiography has replaced film radio-
graphy in dental practice. Unlike film-based imaging,
intraoral digital sensors are used repeatedly and infection
control has become an increasingly important issue.

According to the guidelines of the Center for Disease
Control and Prevention (CDC), these digital radiographic

sensors are classified as semicritical devices, because
they have contact with mucous membranes.1 Ideally,
these semicritical devices should be heat-sterilized or
high-level disinfected between patients to prevent cross
infection. However, currently, there is no intraoral digital
sensor that can withstand heat sterilization or be com-
pletely immersed in a high-level disinfectant. Therefore, it
is important to protect digital sensors by using barriers.

Limited literature is available on the effectiveness of
an intraoral direct digital sensor barrier.2,3 Hokett et al2

reported a perforation rate of 44–51% when using a
single plastic barrier under clinical conditions and rec-
ommended the use of a latex finger cot to significantly
reduce the perforation rate. This high perforation rate
of the plastic barrier brings the safety of the single-barrier
technique into question. Furthermore, the perforation
rate may vary by material type or barrier thickness, but
previous reports have not addressed these issues. The
aim of this study was to investigate the perforation rate
of the intraoral plastic barriers for a direct digital sensor
according to the modified barrier applications.
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Methods and materials

Sample collection
Four types of low-density polyethylene (LDPE) barriers
(intraoral cover; Joong-Ang Vinyl Package, Pusan,
Republic of Korea) with different thicknesses and one
type of latex finger cot (3908L; Grafco®, Atlanta, GA)
were used on patients undergoing direct digital periapical
radiography in the Department of Oral and Maxillofa-
cial Radiology at Dankook University Dental Hospital,
Cheonan, Chungnam, Republic of Korea. All periapical
radiographs were taken by skilled technicians using a
parallelling technique with the complementary metal-
oxide semi-conductor sensors (EZ Sensor; Vatech,
Hwaseong, Republic of Korea) and a positioning device
(Rinn XCP; Dentsply, Philadelphia, PA). Children and
disabled patients with weak occlusal forces were excluded
from this study. Furthermore, cases in which barriers
were used without a positioning device were excluded
from this study. Based on the combinations of barriers,
six modified techniques were applied to cover the
sensor and positioning device (Table 1). All barriers were
applied after combining the sensor with the positioning
device to avoid perforation before placement in the
patients’ mouth (Figure 1). After the radiographic
images were taken, all barrier samples were carefully
removed and collected manually; forceps were not used
to avoid perforation. This research (registration number
H-1409/010/004) was authorized by the institutional
review board at Dankook University Dental Hospital.

Water pressure test
The perforations of all barrier samples were examined
by a water pressure test. The water pressure test has
been approved by the Food and Drug Administration
for testing for leakage in latex and vinyl gloves.4 All
water pressure tests were performed by the same ob-
server. First, each barrier was filled with about 200 ml
of water and sealed by three twist turns of the opening.
The surface of the barrier was dried using paper towels,
and moderate hand pressure was applied for 20 s. Water
leakage was examined by visual inspection, and the
number of perforations was recorded. In cases where the
barriers had a leakage on the side sealing line without
any tooth indentation, the leakage was considered to be
owing to product defects; these barriers were excluded
from the study. When double barriers were used, the
perforation rate of the inner and the outer barriers were
recorded separately (Groups 5 and 6). A total of 800

barrier samples were collected and divided into six
groups according to the applied barrier techniques. Then,
the water pressure test was performed. Ten unused bar-
riers in each group were tested as control.

Statistical analysis
The perforation rate of each group was calculated. For
the double barrier groups, the perforation rate was cal-
culated on the basis of inner barrier because the perfo-
ration of the outer barrier did not contaminate the sensor
and the positioning device. Furthermore, the latex bar-
riers were smaller than the plastic barrier envelope, and
it was impossible to cover all areas of the inner barriers.
Thereafter, the average number of perforations was cal-
culated for each group by dividing the total number of
perforations by the number of perforated samples. Inner
barriers with more than two perforations were considered
to be barriers with multiple perforations, and the rate of
multiple perforations was calculated for each group. The
differences in the perforation rates and numbers were
evaluated by a one-way ANOVA test and post hoc
Scheffe’s post comparison, by using IBM SPSS® Statistics
v. 21 (IBM Corporation, Armonk, NY). A statistical
significance level of p, 0.05 was used.

Results

The perforation rates were 22–58%, and the perforation
occurred the least in Group 4 (0.08-mm-thick single
barrier) and the most in Group 1 (0.04-mm-thick single
barrier) (Table 2). ANOVA revealed statistical differences
in the perforation rate between the groups (p5 0.00;
95% confidence interval, 0.326–0.403). The perforation
rate decreased significantly in Groups 3 (0.06 mm),
4 (0.08mm), 5 (0.041 0.04mm) and 6 (0.04mm1 finger
cot) as compared with Group 1 (0.04mm). Compared
with Group 2 (0.05mm), only Group 4 (0.08mm) showed
a significantly lower perforation rate.

ANOVA also revealed statistical differences in the
average number of perforations and the rate of multiple
perforations among the groups (p, 0.05) (Table 3).
Groups 4–6 had lower perforation rates than did Group 1.
Moreover, the average number of perforations and the
rate of multiple perforations in Groups 4–6 were sig-
nificantly lower than in Group 1. So even in the case of
perforation, the degree of contamination in Groups
4–6 was presumed to be lower than that in Group 1.
There were no leakages in the barriers of the control
samples.

Table 1 Application of barriers in each group

Groups Inner barrier material Size (mm), width3 length3 thickness Outer barrier material Size (mm), width3 length3 thickness
Group 1 LDPE 903 1703 0.04 Not used
Group 2 LDPE 903 1703 0.05 Not used
Group 3 LDPE 903 1703 0.06 Not used
Group 4 LDPE 903 1703 0.08 Not used
Group 5 LDPE 903 1703 0.04 LDPE 903 1703 0.04
Group 6 LDPE 903 1703 0.04 Latex finger cot 303 703 0.08

LDPE, low-density polyethylene.
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Discussion

This is the first study that calculated the perforation rate
of intraoral barriers on the basis of barrier thickness.
There has been no research or regulation that addresses
the requirements of the material and thickness of intraoral

barriers for direct digital radiography. Therefore, the
results of this study will be useful for infection control in
dental clinics.

This study investigated the perforation rates of six
modified applications of intraoral barriers. First, Group 1
(single use of a 0.04-mm-thick LDPE barrier) exhibited
a perforation rate of 58%, which is a relatively high per-
foration rate compared with the 44% reported in a pre-
vious study,2 but a relatively low perforation rate compared
with the 83% reported in another study.3 These high per-
foration rates indicate that the single use of a 0.04-mm-
thick plastic barrier is not safe enough to prevent the
contamination of digital sensors and positioning devices.

This study also reveals that the use of a latex finger
cot significantly reduces the leakage rate; this corre-
sponds to the findings of an earlier study.2,3 However,
the perforation rate of Group 6 (with the latex finger cot)
was 32%, and it differed considerably from the earlier
reports of 0%,2 6%3 and 55%.3

In addition, the result of Group 6, which used the latex
finger cot, was insignificant; however, this group showed
a higher rate of perforation than did Groups 4 (0.08-mm-
thick single barrier) and 5 (0.04-mm-thick double barrier).
The reason for this difference is unclear, because infor-
mation on the material and the thickness of the barriers
was not provided in previous studies. The reason for the
higher perforation rate of Group 6 was thought to be the
small size of the latex finger cot that made it impossible to
cover the positioning device completely. This was revealed
when the perforation aspect of the double barrier groups
was inspected.

20 of the 32 inner barrier perforations in Group 6
occurred without an outer latex perforation (Table 2).
Thus, it could be speculated that these perforations oc-
curred in the area that was not covered by the latex finger
cot. By contrast, in Group 5, the sizes of both LDPE
barriers were the same, and there was only one case of
inner barrier perforation without an outer barrier per-
foration (Table 2). Therefore, it is believed that just
covering the sensor area with a latex finger cot also
posed the risk of contaminating the positioning device.
In addition to the small size, there was another practical
disadvantage of the use of a latex finger cot. When cov-
ering the sensor, opening the latex finger cot required the
use of two hands, and one more hand was required for
holding the sensor and the positioning device in place.

When a 0.05-mm-thick plastic barrier was used alone
(Group 2), the perforation rate decreased, but the difference

Figure 1 (a) A plastic barrier with 0.04-mm thickness was applied
after combining the sensor with a positioning device. (b) A plastic barrier
was applied to a positioning device with a latex finger cot.

Table 2 Number of barrier perforations in each group

Groups Technique
Inner barrier
perforation

Outer barrier
perforation

Perforations of
both barriers

Perforation
rate (%)

95% confidence
interval p-valuea

Group 1 0.04 58/100 58b 0.48–0.68
Group 2 0.05 47/100 47b,c 0.37–0.57
Group 3 0.06 35/100 35c,d 0.25–0.45
Group 4 0.08 22/100 22d 0.14–0.30 0.00
Group 5 0.041 0.04 25/100 35/100 24/100 25c,d 0.16–0.34
Group 6 0.041 finger cot 32/100 26/100 12/100 32c,d 0.23–0.41
aObtained using one-way ANOVA.
b,c,dThe different characters show the statistically significant differences among the groups obtained using Scheffe’s post comparison.
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was not statistically significant. The perforation rates of
Groups 3 and 4 were significantly lower than Group 1,
and they showed comparable effectiveness with the use
of a latex finger cot. By contrast, the rigidity of the
plastic barrier increased with an increase in barrier
thickness; this caused a poking sensation in the mucous
membrane of the patients. In the case of the single use
of a 0.06-mm-thick plastic barrier (Group 3), a few
sensitive patients complained of discomfort. The use of
the 0.08-mm-thick plastic barrier caused a sharp pain in
many patients; therefore, this barrier is considered dif-
ficult to use in clinical practice. The double barriers of
0.04-mm-thick LDPE (Group 5) also showed signifi-
cantly better results than did a single 0.04-mm-thick
barrier. This result corresponds with that of an earlier
study, which reported that the use of double gloves in
orthopaedic surgery is safer than that of single gloves.5

Moreover, the perforation rate of the 0.04-mm-thick
double barriers is comparable to the perforation rate of
a 0.08-mm-thick single barrier. In addition, a double-
barrier application did not cause any pain or practical
problems in a periapical radiography procedure.
A limitation of this study is that a water pressure test

was used to compare the obtained results with the results
reported in a previous paper, but the water leakage of the
barriers does not necessarily imply a contamination of
the radiographic equipment. Limited literature is avail-
able on bacterial contamination of a direct digital sensor
in intraoral radiography. Wenzel et al6 reported that

direct digital sensor and cord were not contaminated
by oral bacteria at all in bitewing radiography. How-
ever, the sample size was only 14, and further research
on bacterial contamination of direct digital sensors is
required.

Unlike research on the bacterial contamination of a
direct intraoral sensor, several studies on the bacterial
contamination of an image plate have been reported.
However, the contamination rates of the image plate were
high; they were reported to be 100%,7 100%,8 56%,9 57%10

and 17%11 in earlier papers. There was also leakage or
extraction failure in the case of an image plate.7,11

In digital intraoral radiography, infection control is
important irrespective of the system used. There have
been some studies that have shown the potential use
of chlorhexidine gargle and gas sterilization for infection
control.10,12

In summary, this study proved that there are statistical
differences in perforation rates according to the appli-
cations of the intraoral barriers. The use of a double
barrier can reduce the perforation rate by more than half
as compared with the use of a single barrier. However,
the risk of contamination cannot be completely eliminated
with a barrier application. Therefore, the development of
new barriers, new techniques or waterproof sensors is re-
quired. Until then, the use of a double barrier is suggested;
furthermore, the radiographic equipment should be cleaned
and disinfected between patients as recommended by the
CDC guideline.1
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