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Abstract—The purpose of this article was to compare the accuracy of a new impression technique, the triple-layer impression
technique (TLIT), with the conventional impression technique
(CIT) to fabricate an auricular prosthesis. Fifteen male subjects
(aged 22–45 yr) were selected. Ten markings were made on the
subject’s ear (super aurale [sa], sub aurale [sba], pre aurale [pra],
post aurale [poa], A, A1, B, B1, C, and C1) and five measurements (sa–sba, pra–poa, A–A1, B–B1, and C–C1) were made.
Custom-made trays were used to record impression in CIT and
TLIT. Impressions were made using alginate, and models were
cast with type IV gypsum product. Markings were transferred on
the cast. Measurements were rechecked on the models. Distribution analysis of difference in measurements between the two
impression techniques and the subject’s actual values was evaluated. Sign test was used to analyze the statistical significance. Statistically significant differences were found in measurements A–
A1, B–B1, and C–C1 between the two techniques when compared with the subject’s actual dimensions (p < 0.01). TLIT was
found to produce accurate models when compared with CIT. The
TLIT used in the study was cost effective, less technique sensitive, and tailor made to reduce chairside orientation time during
wax try-in appointments for rehabilitating patients, especially
those with unilateral auricular defects.

Key words: accuracy, auricular prosthesis, conventional
impression technique, distortion, ear anthropometry, ear measurement, ear orientation, sculpting, triple-layer impression
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INTRODUCTION
Auricular defects can be caused by several conditions, such as trauma, congenital malformation, or surgical removal of a neoplasm [1]. Repairs using autogenous
tissue are the gold standard in the rehabilitation of these
defects; however, rehabilitation with aesthetic prostheses
may be a suitable treatment alternative in patients for
whom a repair with autogenous tissue is not possible.
Orientation of the ear prosthesis is critical to achieve,
especially in a unilateral missing ear. Impression techniques play a vital role in accurate reproduction of the
affected and unaffected ears, orientation of the ear during
wax try-in, and fabrication of ear prostheses. Several
impression techniques are described in the literature,
including using plaster in a two-piece mold, reversible

Abbreviations: CIT = conventional impression technique, CT =
computerized tomography, LS = laser scan, MRI = magnetic
resonance imaging, poa = post aurale, pra = pre aurale, sa =
super aurale, sba = sub aurale, TLIT = triple-layer impression
technique.
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hydrocolloid enclosed by a wax collar, irreversible
hydrocolloid contained in a wax or thermoplastic ring,
irreversible hydrocolloid in a rigid tray, and the conventional impression technique (CIT) [2].
Impression materials used for auricular impression
are alginate, vinyl polysiloxane, and polyether [3–5]. In
the CIT, an irreversible hydrocolloid supported by a rigid
tray is used to record auricular impression. Reproducibility of the auricular impression apart from impression
material depends on various factors but primarily on
patient position during impression making. Although the
CIT is less technique sensitive and less time consuming,
having the patient lie on one side can cause distortion of
the soft tissue contours from the weight of the impression
material against the skin [6]. Thus, the success depends
on the use of a proper impression technique, apart from
the maxillofacial prosthetic skill and artistry [7]. The aim
of this study is to evaluate whether a new impression
technique (triple-layer impression technique [TLIT]) will
reduce ear distortion when compared with the CIT, especially for unilateral auricular prostheses.

MATERIALS AND METHODS
Fifteen male subjects were selected, and written consent to participate in the study was obtained. Institutional
ethical committee clearance was obtained to conduct the
study. The volunteers were between 25 and 45 yr old and
devoid of any ear malformations. The selection criterion for
the study was that the subject’s earlobes must be freely
movable. The subjects were instructed to have their hair cut
so that the hairline was above the superior margin of the ear
to enable the operator to identify and place the margins for
measurements. Two impression trays were fabricated using
cold cure acrylic resin (DPI-RR Cold Cure, Dental Products India; Mumbai, India) for the CIT (Figure 1(a)) and
TLIT (Figure 1(b)). All impressions were recorded by a
single operator.
Measurements and Markings on Ear
The subjects were seated in a dental chair in an
upright position to make the measurements. A marker
pen was used to mark the landmarks for pre- and postimpression measurements. Two standard and three additional anthropometric measurements were used in this
study. Four points on the super aurale (sa), sub aurale
(sba), pre aurale (pra), and post aurale (poa) were marked

Figure 1.
(a) Custom-made impression tray for conventional impression
technique. (b) Custom-made impression tray for triple-layer
impression technique.

on the subject’s ear [8]. Two measurements, length and
width, were measured. The distance between sa and sba
denotes the length of the ear, and the distance between
pra and poa denotes the width of the ear (Figure 2). Manual anthropometry was used, and measurements were
made using digital vernier calipers. Three other points
(A, B, and C) were marked on the ear, and three points
opposite to these (A1, B1, and C1) were marked (Figure
3). Table 1 explains these landmarks.
Three measurements, the distances between points
A–A1, B–B1, and C–C1, were measured using a bluntend divider and metal scale in order to prevent any injury
to the soft tissue. The values were tabulated. These
points, which were marked prior to impression making,
and five measurements denoted the subject’s actual values. The markings after impression making were transferred onto the impression surface and finally onto the
cast. Dimensions on the casts obtained from the CIT and
TLIT were compared with the subject’s actual values.
Conventional Impression Technique
The subjects were positioned on the dental chair in a
supine position to record impression using CIT [9]. They
were instructed to turn their face toward the left side to
provide good accessibility. The external acoustic meatus
was blocked with a small piece of cotton. The custommade tray ensured that adequate clearance between the
tray and ear was present. Alginate (Neocolloid, Zhermack
SpA; Badia Polesine, Italy) was manipulated and applied
to the internal surface of the ear and poa region. The
remaining alginate filled three-fourths of the tray. After
the initial set of alginate, the superior one-third of the tray
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Figure 3.
Markings on ear to measure mediolateral distortion.
Figure 2.
Landmarks to measure length and width of ear. poa = post
aurale, pra = pre aurale, sa = super aurale, sba = sub aurale.

was filled with dental plaster. The tray was retrieved when
the plaster was set. We ensured that the markings were
transferred onto the impression surface. The subjects were
allowed to relax for 1 h after the CIT.

Table 1.
Description of landmarks on ear.
Point
Landmark
A
Prominent point of inner side of helix behind super aurale.
A1
Point on skin over temporal bone parallel to point A.
B
Prominent point of inner side of helix behind post aurale.
B1
Point on skin over temporal bone parallel to point B.
C
Prominent point of inner side of earlobe behind sub aurale.
C1
Point on skin over temporal bone parallel to point C.

Triple-Layer Impression Technique
The subjects were positioned in an upright and comfortable sitting position [6,10–11]. The tray was custommade to suit this technique and tried on the subjects. The
markings were highlighted on the same landmarks mentioned previously. Alginate was manipulated according to
the manufacturer’s instructions and loaded in a 50 mL
syringe. The material was injected from the pra region,
then from the poa region, and extending up to the infeoantero border of the earlobe (Figure 4). When the first layer

had its initial set, the second layer was injected into the
complex anatomy of the ear, including the tragus, pra
region, and external surface of the ear (Figure 5). Subsequently, the third layer of impression material was partially
filled into the tray and placed on the ear (Figure 6). The
borders of the tray had passive contact with the skin around
the ear. The remaining impression material was added to fill
the superior aspect of the tray. After the third layer was set,
the inferior aspect of the tray was relieved with fingers and
lifted to support the impression material. The impression
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Figure 4.
Triple-layer impression technique of post aurale region (first layer).
Figure 6.
Triple-layer impression technique (third layer).

Figure 5.
Triple-layer impression technique of internal surface of ear (second layer).

was then carefully retrieved. After removal, we ensured that
the markings were transferred to the impression (Figure 7).
Models prepared with type IV gypsum (Orthokal,
Kalabhai; Mumbai, India) were retrieved from the impression surface, which was separated as three layers (Figure 8).
All models were checked for markings, voids, and nodules.

The markings were accentuated by highlighting the center
point on the marked area (Figure 9). The measurements
that were recorded from markings on the ear were rechecked
on both models obtained from the different impression
techniques in the same order and results were tabulated.
The statistical analysis was performed using SPSS
version 16.0 (IBM Corporation; Armonk, New York).
Mean ± standard deviation and distribution analysis were
performed to evaluate the distribution of difference
between the measurements made on the subject’s ear and
the measurements made on the models obtained from two
impression techniques. Table 2 shows the differences in
length; width; and A–A1, B–B1, and C–C1 values. Sign
test was done to evaluate the statistical significance of the
differences in length; width; and A–A1, B–B1, and C–C1
values on the subject’s ear and the measurements made on
models obtained from the two impression techniques.

RESULTS
Distribution of differences (Table 2) shows that the
dimensions in length and width obtained from TLIT were
closer to subjects’ actual dimensions. This was evident
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Figure 7.
Triple-layer impression technique: transferred markings on
impression surface.

Figure 9.
Transferred markings highlighted on model.

Figure 8.
Triple-layer impression technique: model retrieved from layers
of impression.

by the number of zeros among the differences between
subject and TLIT values when compared with differences
between subject and CIT values (Table 2). However, the
difference in length and width between the two techniques when compared with subjects’ actual dimensions
was statistically insignificant.

Distribution of differences in A–A1, B–B1, and C–C1
measurements between the two impression techniques
shows that dimensions on models made from TLIT were
closer to subjects’ actual dimensions. This was evident by
more zeros in difference between subject and TLIT measurements given in Table 2. The difference was statistically significant (p < 0.01) in all three dimensions.

DISCUSSION
Accurate reproduction of the morphology of the ear
is essential for orientation of the wax pattern during the
try-in stage in order to reduce chairside time and patient
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Table 2.
Distribution analysis of differences between two impression techniques with subject measurements. See Table 1 for description of landmarks.
Length (mm)

Width (mm)

A–A1 (mm)

B–B1 (mm)

C–C1 (mm)

Subject
S–CIT

S–TLIT

1

S–CIT
0.20

S–TLIT
0.10

S–CIT
0.00

S–TLIT
0.00

0.10

0.10

S–CIT
0.20

S–TLIT
0.00

S–CIT
0.60

S–TLIT

2

0.10

0.10

0.00

0.00

0.20

0.00

0.10

0.10

0.20

0.10

3

0.00

0.00

0.40

0.50

0.10

0.00

0.10

0.00

0.30

0.10

0.10

4

0.20

0.20

0.10

0.00

0.00

0.10

0.20

0.10

0.50

0.10

5

0.00

0.00

0.10

0.10

0.30

0.00

0.10

0.10

0.20

0.00

6

0.10

0.10

0.00

0.00

0.20

0.10

0.50

0.00

0.40

0.00

7

0.10

0.10

0.10

0.10

0.30

0.00

0.10

0.00

0.50

0.00
0.10

8

0.00

0.00

0.00

0.00

0.20

0.00

0.30

0.00

0.40

9

0.00

0.00

0.00

0.00

0.20

0.10

0.10

0.10

0.10

0.40

10

0.00

0.10

0.00

0.10

0.10

0.00

0.00

0.10

0.20

0.00

11

0.00

0.00

0.00

0.00

0.20

0.00

0.10

0.10

0.00

0.10

12

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.70

0.20

13

0.00

0.00

0.00

0.00

0.10

0.00

0.10

0.00

0.20

0.00

14

0.00

0.00

0.20

0.00

0.40

0.00

0.30

0.00

1.20

0.10

15

0.00

0.00

0.10

0.00

0.10

0.00

0.20

0.00

0.40

0.00

Mean ± SD 0.007 ± 0.0884 0.007 ± 0.0799
Sign Test
(p-value)

0.687*

0.040 ± 0.1242 0.040 ± 0.1352

0.153 ± 0.1302 0.013 ± 0.0516

0.147 ± 0.1457 0.013 ± 0.0640

0.393 ± 0.2939 0.047 ± 0.1302

1.000*

0.000†

0.006†

0.001†

*Nonsignificant.
†Significant

(p < 0.01).
S–CIT = difference between subjects and conventional impression technique (CIT) measurements, S–TLIT = difference between subjects and triple-layer impression (TLIT) technique measurements.

and operator fatigue [12]. Several materials have been
used to obtain the moulage impression, including plaster,
reversible hydrocolloid, irreversible hydrocolloid, and
elastomeric materials such as polyvinylsiloxane and
polysulfide rubber. Elastomeric impression materials
have shortcomings such as short working time, the need
for a large quantity of material to record extensive
defects, and relatively high cost [13].
A single component impression material with higher
tear strength could cause severe trauma to the tissues during retrieval of the set impression. Making an impression
of both the expanded ear and the contours of the helix
would require the impression to bend around the helix;
hence, irreversible hydrocolloid or alginate is most commonly used when making an auricular impression [14]. It
is used more frequently because it is readily available in
the dental office, is inexpensive, has a long shelf life, provides good detail reproduction, and has satisfactory physical properties [13].
The CIT [9] for auricular prosthesis distorts the ear
due to the weight of the irreversible hydrocolloid impression material and patient position during impression
making [5]. One of the major intricacies in the CIT is that

the inner side of the earlobe is not accurately reproduced,
especially in the crura of the antihelix region and crus of
the helix [15].
The TLIT described here has several advantages over
the CIT. The primary advantage to the TLIT is less distortion of the ear. Other advantages to this technique
include easy retrieval of the model from the three layers
of impression surface, easy retrieval of the wax pattern
prepared from the impression surface of the donor technique, and less voids while recording the impression of
the internal surface of the external ear. Usually, techniques for obtaining impressions of partial defects are
generally the same as for the total defect. However, care
should be taken to ensure that any unsupported tissue
remnant is not distorted during the process. Consideration should be made with regard to the volume of
impression material applied to the remnant because the
weight of the material may cause distortion [11]. Soft tissue distortion is less because of the absence of an overlying stone matrix that is present in the CIT [2]. TLIT made
with subjects in the upright position meets the previously
mentioned concerns.
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In any treatment mode selected for patients with a
unilateral missing ear, dimensional measurements of the
existing normal ear and its position, level, and prominence are needed to plan the siting and shaping of the
reconstructed ear or prosthesis. Anthropometric measurements have been used previously to assess dimension,
location, inclination, and level of an ear on the normal
side in order to construct a prosthetic ear [16].
In this study, 10 anthropometric landmarks were used
to evaluate the exact dimensions obtained from two
impression techniques. Statistical analyses failed to indicate strong evidence that either impression technique
resulted in better accuracy with respect to length and
width, whereas statistically significant p-values (<0.01)
were obtained in A–A1, B–B1, and C–C1 values, indicating that TLIT values were closer to subjects’ measurements. Perhaps it should be noted that the CIT approach
seems to systematically overestimate some of the dimensions, which may be attributed to patient position and the
weight of the material during impression making. Thus,
adopting TLIT ensured less distortion of the ear and more
accurate models. In most patients with unilateral ear
defects, when a CIT was used to make an ear, orientation
of the wax pattern took at least 2 to 3 h due to increased
distortion. When TLIT was adopted in patients, it helped
orient the wax pattern sooner than with CIT. There was
an approximate difference of 1 h between the two techniques in the wax try-in appointment. However, the exact
time difference cannot be determined because it differs
with each patient’s clinical scenario.
Several other impression techniques have been used,
such as (1) using the donor technique [3], in which the
patient acts as the donor to make an ear impression;
(2) dividing the cast of the remaining ear into small squares
to facilitate sculpting the missing ear [3,17]; (3) using
image-editing software (such as Adobe Photoshop) to assist
in sculpting the prosthesis [13,17]; (4) using a color slide
[17–18]; (5) obtaining a mirror image of the cast of the
patient’s remaining ear, using transparent sheets and a copy
machine to aid in the sculpting process [17,19]; and (6) sectioning the wax pattern of the opposite ear, using a wax
saw, into 1 mm-thick slices, then reversing each section and
placing it on top of the previous one to create a mirror
image of the original pattern [13,17].
Although some of these methods are rather simplistic, the final outcome of the prosthesis depends on the
artistic skill of the maxillofacial prosthetist, especially in
sculpting and orienting the wax pattern.

In the last few years, several noncontact methods have
been used to produce dimensionally accurate wax ears by
rapid prototyping using imaging techniques like computerized tomography (CT), magnetic resonance imaging
(MRI), and laser scan (LS) data [16]. These methods are
expensive and technique sensitive, especially CT, which is
an invasive technique not considered ethical by some
groups of professionals and of limited use in developing
countries. The present study does not include comparisons
between TLIT and noncontact techniques such as CT,
MRI, and LS. However, Coward et al. state that there were
no statistically significant differences between the measurements made from casts, natural ears, CT, MRI, and LS
image [16].
The TLIT explained in this study is a tailor-made,
cost-effective, chairside alternative to other impression
techniques to produce an accurate cast and wax pattern
for auricular prostheses. It enables the maxillofacial prosthetist to achieve proper orientation of the unilateral
auricular prosthesis, reducing the distortion level. However, it is sometimes difficult to handle the alginate while
making the impression, especially in the poa region;
manipulation according to the prescribed water-powder
ratio can alleviate this problem. TLIT is a little more time
consuming than CIT. The average time for CIT is 12 min
and the average time for TLIT is 18 min, with a difference of approximately 6 min. TLIT lengthens the impression-making time, but spending an extra few minutes
during impression considerably reduces the orientation of
the wax pattern by at least 1 hr.

CONCLUSIONS
Within the limitations of this pilot study, we found
TLIT to be an economic, simple technique for fabricating
unilateral auricular prostheses. The distortion in TLIT
was significantly less than CIT at p < 0.01. The TLIT was
primarily put forth to preclude the use of expensive and
technique-sensitive methods used to prepare the model
for ear prostheses and to make it more affordable to
patients, especially in developing countries. However,
further investigations on a larger sample size are required
to validate the results of this technique.
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