Short Report

Digital versus conventional impression-taking of the ear
canal: A comparison of accuracy between a handheld

scanner and impression material

Digitale versus konventionelle Abformung des Gehorgangs:
Ein Genauigkeitsvergleich zwischen Handscanner und Abformmasse

Abstract

Background: The comfort of hearing aids is directly linked to the fitting
of the earmolds. Additive manufacturing is now standard practice in
the production of earmolds, which is why digitally capturing the ear
canal is the critical first step. Traditionally, this is done using silicone
impression materials, followed by scanning the impressions. A handheld
scanner or ear canal scanner for direct digital capture has recently be-
come available on the market as an alternative. The aim of this study
is to evaluate the accuracy of this digital system in comparison with the
conventional method.

Method: Two ear canal models were produced using 3D-printing tech-
nology to serve as reference models. Five users each took three conven-
tional and three digital impressions. The conventional impressions were
digitised using a desktop scanner. The scans were compared with the
reference model using software-assisted best-fit superimposition. The
mean of the deviation and the standard deviation of the deviation were
evaluated.

Results: Digital impression-taking resulted in a lower mean of the devi-
ation (-0.052 mm) compared with impression materials (Material 1:
-0.136 mm; Material 2: -0.118 mm), suggesting slight shrinkage of
the impression materials. The standard deviations of the deviation were
0.415 mm for the handheld scanner and between 0.496 mm and
0.546 mm for the conventional methods. The influence of geometry or
the user was minimal.

Conclusion: Digital impression-taking using a handheld scanner is an
equivalent alternative to conventional impression-taking. The advantages
lie primarily in the workflow, time savings and the patient experience,
whilst the high initial costs are currently limiting its widespread adoption.

Keywords: handheld scanners, ear canal scanners, impression material,
ear impressions, additive manufacturing, target-actual comparison,
earmolds

Zusammenfassung

Hintergrund: Ein hoher Tragekomfort von Hoérgeraten korreliert direkt
mit der Passgenauigkeit der Otoplastik. Die additive Fertigung ist heute
Standard bei der Herstellung von Otoplastiken, weswegen die digitale
Erfassung des Gehdrgangs den kritischen ersten Schritt darstellt. Diese
erfolgt traditionell Uber Silikonabformmassen und anschlieendes
Scannen der Abformungen. Seit kurzem steht als Alternative ein
Handscanner bzw. Gehérgangscanner zur direkten digitalen Erfassung
auf dem Markt zur Verfugung. Ziel dieser Studie ist die Evaluation der
Genauigkeit dieses digitalen Systems im Vergleich zum konventionellen
Verfahren.
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Methode: Als Referenz wurden zwei Gehdérgangsmodelle mittels 3D-
Druck gefertigt. FUnf Anwender:innen flhrten jeweils drei konventionelle
und drei digitale Abformungen durch. Die konventionellen Abformungen
wurden mit einem Tischscanner digitalisiert. Der Vergleich der Scans
mit dem Referenzmodell erfolgte programmgestitzt mittels Best-Fit-
Uberlagerung. Bewertet wurden die durchschnittliche Abweichung sowie
die Standardabweichung der Abweichung.

Ergebnisse: Die digitale Abformung erzielte eine geringere durchschnitt-
liche Abweichung (-0,052 mm) im Vergleich zu den Abformmassen
(Material 1: -0,136 mm; Material 2: -0,118 mm), was auf eine leichte
Schrumpfung der Abformmaterialien hindeutet. Die Standardabweichung
der Abweichungen lagen beim Handscanner bei 0,415 mm und bei den
konventionellen Verfahren zwischen 0,496 mm und 0,546 mm. Einfllisse
durch die Geometrie oder die Anwender:innen waren gering.
Schlussfolgerung: Die digitale Abformung mittels Handscanner stellt
eine gleichwertige Alternative zur konventionellen Abformung dar. Die
Vorteile liegen primar im Workflow, der Zeitersparnis und dem Patient:in-
nenerlebnis, wahrend die hohen Anschaffungskosten die Verbreitung

derzeit limitieren.

Schliisselworter: Handscanner, Gehdérgangscanner, Abformmasse,
Ohrabformung, additive Fertigung, Soll-Ist-Vergleich, Otoplastiken

Introduction

The comfort of a hearing aid is primarily ensured by a
good fit of the earmold. Nowadays, most earmolds are
manufactured using 3D-printing technology [1], [2].
Therefore, the first step in the production of an earmold
is to obtain a digital image of the ear canal. Traditionally,
this is achieved by taking an impression of the ear canal
using a special silicone impression material, followed by
scanning the impression. A device made by Natus has
recently become available on the market that allows the
geometry of the ear canal to be scanned and digitised
directly in 3D. This handheld scanner, known as the
‘Otoscan’, offers advantages in terms of time savings,
material costs and patient comfort. At the same time,
this method is limited by high initial costs, whereas the
conventional method using impression material, although
more labour-intensive, is well-established and more cost-
effective [3]. To date, there have been few studies that
systematically compare the accuracy of the two methods.
Zheng et al. and Mglhave et al. compare the subjective
wearing comfort of earmolds produced using data from
both the conventional and the direct digital method [3],
[4]. The aim of this study is to compare the two methods
objectively, using a reference object, in order to evaluate
the current state of the art of the available handheld
scanner and to provide a well-founded recommendation
to the specialist audience.

Figure 1 shows, on the left, the scanning process using
the ear canal scanner. The measuring probe, which incor-
porates a ring laser, an LED and a camera, is moved along
the patient’s ear canal and the contours of their ear. The
progress of the scanning process can be monitored live
on the screen. It shows how the scanned data is being
assembled into a digital image of the ear in real time.
The coded ring around the patient’s ear serves as a ref-

erence for the device to determine its relative position in
relation to the patient’s ear. The resulting digital image
of the ear canal can be seen on the right in Figure 1.

Methods

As a reference for analysing the differences between di-
gital and conventional impressions, two artificial ear
canals (one straight and angular, the other anatomically
curved) were designed using a computer-aided design
(CAD) system (Siemens NX 1980) and attached to an
existing 3D-model of an ear. The two ears and ear canals
were manufactured using a stereolithography 3D-printer
(Asiga PRO2) with the Composer 2.0.4 slicer software.
Stereolithography (SLA) is an additive manufacturing
process that uses an ultraviolet (UV) laser to cure liquid
photopolymer resin into plastic components. The objects
are built up layer by layer by projecting the cross-section
of the 3D-model onto the resin [5]. A skin-coloured resin
(pro3dure printodent GR-13) was used to provide the
optical system with a realistic surface. Figure 2 shows,
on the left, the reconstructed ear with the anatomical ear
canal. The ring-shaped surface around the artificial ear
serves as a contact point for the coded ring of the hand-
held scanner. On the right in Figure 2 is the finished skin-
coloured 3D-printed model of the ear.

In addition to the handheld scanner (Natus Otoscan ver-
sion 1.7.12883.0), impression materials from two differ-
ent manufacturers (egger A/soft and pro3dure otosil IS-2)
were compared. A total of five investigators took part in
the test. Each person took three conventional impressions
for each manufacturer, as well as three digital impres-
sions using the handheld scanner. For the conventional
method, a desktop scanner (smart optics mono Scan)
was used to digitise the impressions. A total of 90 scans
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Figure 1: Scanning process using the handheld scanner (left) and the resulting digital image of the ear canal (right)
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Figure 2: Design of the artificial ear canal, with the 3D-printed model to the right

were recorded. Figure 3 shows, on the right, a scan of an
impression of the anatomical ear canal taken using im-
pression material made by pro3dure. Left in Figure 3 is
the ‘ideal’ impression generated by the CAD system. To
achieve this, the existing CAD volume model was convert-
ed into a surface model and cropped so that only the
relevant area can be compared.

The resulting 3D models were compared with the surface
model of the reference ear canal using computer-assisted
bestfit registration (Geomagic Design X 2024 2.0). Before
the comparison, the scan and the reference were aligned
with one another (see Figure 4), revealing initial differ-
ences between the scan (green) and the reference (blue).

The Alignment is a crucial step prior to the actual compar-
ison, as incorrect alignment would distort the measure-
ment results. Challenges arose with individual datasets
due to non-alignable models. In this case, the test sub-
jects had to take additional impressions.

Once alignment was complete, the distances between
the scan and the reference were compared and deter-
mined. Figure 5 shows the dimensional deviations in the
scan of the impression highlighted in colour. The areas
of the impression’s surface coloured yellow or red are
higher than the reference, whilst the blue areas are lower.
The mean of the deviation, which indicates shrinkage,
was evaluated, as was the standard deviation of the de-
viation as a direction-independent measure of deviation.
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Figure 3: Ideal impression of the straight ear canal (left) and a scan of an impression taken with impression material (right)
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Figure 5: Dimensional deviations in the scan
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Table 1: Results of the comparison between digital and conventional impression-taking

Mean Standard deviation
of the deviation of the deviation
mm mm
Handheld scanner —0.052 0.415
Material 1 -0.136 0.546
(egger A/soft)
Material 2 -0.118 0.496

(pro3dure otosil 1S-2)

Table 2: Comparison of the two different types of artificial ear canals

Mean Standard deviation
of the deviation of the deviation
mm mm
Straight and angular -0.145 0.542
Anatomically curved -0.109 0.498

Table 3: Comparison of the accuracy achieved by different individuals

Mean Standard deviation
of the deviation of the deviation
mm mm
Operator 1 -0.165 0.571
Operator 2 -0.124 0.545
Operator 3 -0.123 0.513
Operator 4 -0.148 0.535
Operator 5 -0.076 0.441

Results

Both methods demonstrate comparable overall accuracy.
The difference in accuracy between the various impres-
sion materials is negligible. The mean of the deviation
and the standard deviation of the deviation were calcu-
lated as measures of accuracy.

Table 1 shows the average values for all comparisons.
Digital impressions exhibit a lower mean of the deviation.
The standard deviation of the deviation for digital impres-
sions is also slightly lower than that for impression
materials. Differences between the five users and the
two different artificial ear canals fall within a similarly
narrow range (see Table 2 and Table 3, using the values
for conventional impressions as an example).

Table 2 compares the accuracy achieved with the two
differently designed ear canals used. The values are
slightly higher for the straight, angular ear canal. Table 3
shows the accuracy of the five different users. Operator 5,
a particularly experienced user, represents an outlier.

Conclusions

It is important to note that the obtained values are not
absolute, as the unknown manufacturing tolerance of
the SLA 3D printer must theoretically be taken into ac-
count. However, the values are comparable, as the same
printed artificial ear was used for all impressions. Digital

impression-taking is already a viable alternative to con-
ventional impression-taking. Both methods currently offer
comparable precision. With both methods, slightly higher
deviations are observed in the case of a straight, angular
ear canal. This is likely due to the fact that the scanners
used tend to smooth out sharp edges. The increased av-
erage deviation of the deviation observed with the con-
ventional method suggests a slight shrinkage of the im-
pression materials. This can be eliminated during digijtal
post-processing. With the conventional method, air
bubbles also contributed to increased deviations in some
cases. With the digital method, however, incomplete
scanning can lead to gaps in the data [6]. The key differ-
ences between the two methods therefore lie less in ac-
curacy than in (acquisition) costs, workflow and user ex-
perience: the digital method is faster and offers patients
an added value in terms of the experience, as the scan-
ning process can be viewed in real time.

Future research

Plans include examinations of real ear canals and further
tests involving additional users to capture inter-individual
variability. For example, the results from beginners, ad-
vanced users and professional users will be compared.
New handheld scanner models are expected in the third
quarter of 2026, and preparations are already underway
to test them. It is also conceivable that further impression
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materials and desktop scanners will be tested and com-
pared. In addition, various factors affecting the accuracy
of conventional impressions are to be investigated, such
as cooling, heating or UV treatment of the impressions,
as well as the presence of hair and earwax.

Notes

Conference presentation

This contribution was presented at the 28" Annual Con-
ference of the German Society of Audiology and published
as an abstract [7].
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