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Introduction

The rapid development of medical technology enables
new treatment methods and leads to a strong increase in
minimally invasive surgical interventions. For this reason,
more and more specific devices are constantly being add-
ed to the OR. At the same time the OR staff faces the
challenge to manage the adjustment and timely provision
of these devices during surgery [1]. Similarly, nursing
teams in Germany are increasingly understaffed and are
consequently filled with staff from other European coun-
tries that may have difficulties knowing the specific terms
in the OR or understanding the requirements for each sit-
uation [2].

Figure 1: Exemplary application of the HoloLens for
medical training (Source: caehealthcare.com)

Strategies and measures must therefore be developed to
ensure and further improve efficiency, safety and outcome
of the intervention. This requires solutions that bring staff
and technology closer together in order to simplify system
management of the OR, reduce communication issues and
improve staff collaboration.

Mixed Reality (MR) applications may be a key technolo-
gy to make this vision a reality. They are capable of
providing information by more general means than pure
language. At the same time, recent developments in ma-
chine learning allow enhanced image detection [3], work-
flow recognition [4] and natural language processing [5]
in real time during surgery. In their combination these
techniques may enable technical systems to robustly in-
terpret the current surgical context, automatically provide
the required information at the right time and react flexi-
bly to changing demands.

In addition to providing solely information, MR applica-
tion would further allow to sterilely adjust most devices in
the OR from a central entity. Previously, this technology
has already been used for medical training [6] (also see
Fig. 1) and specific surgical applications [7]. However,
most developments have mainly focused on the surgeons
and less on the remaining OR staff so far.

Under these assumptions this paper investigates the po-
tential of mixed reality applications for sterile interaction
within the collaborative operating room. An exemplary
use case of an assistive device that supports the scrub
nurse in selecting the correct instruments is presented and
evaluated in an initial user experience experiment.

Figure 2: Image of the HoloLens (Microsoft, Redmond,
WA, USA) as used in the presented mixed reality applica-
tion (Source: microsoft.com)

Materials and Methods

To realize a simple prototype of the envisioned system,
we employed a Microsoft HoloLens (see Fig. 2). The Ho-
loLens is a wearable device that enables the augmentation
of the physical world with virtual entities. It is equipped
with a multitude of sensors that enable the device to local-
ize itself within the environment (spatial mapping) and
enable various modes for user interaction.

Spatial mapping is performed by means of 4 greyscale
cameras and a time-of-flight (TOF) sensor that enhances
the camera images with further depth information. An ad-
ditional inertial measurement unit (IMU) may also meas-
ure acceleration and spatial orientation. By combining all
different sensory data, the HoloLens is able to locate itself
and project holograms at any desired location within the
room. All necessary sensor fusion is directly processed on
the HoloLens’ proprietary computer.



Aside from the possibility to interact with the system via
head movements and hand gestures, the HoloLens also
include four microphones to allow voice control and bin-
aural speaker for audio feedback.

Figure 3: Segment of the grid that is projected onto the
surgical tray

Included Functionalities

Our proposed assistive system supports the scrub nurse in
identifying the instruments that are currently needed. It
projects a grid onto the surgical tray (see Fig. 3). Each
grid cell is reserved for one specific instrument and de-
noted by the instrument’s name and contour sketch. With
the integrated spatial mapping function, the grid cell pat-
tern is automatically projected onto the surgical tray at a
specified location. Through gestures the user is able to
flexibly relocate the grid as desired within the plane of the
surgical tray. Gestures are robustly recognized by the sys-
tem even when the hands are covered with surgical
gloves.

If an instruments has been placed in its corresponding
grid cell, the contour sketch automatically disappears to
give the user direct feedback about his or her action. The
user may also interact with the system though verbal
commands. By calling the name of an instrument the sys-
tem clearly highlights the respective grid cell with a red
box.

Currently, the integrated computer vision software of the
HoloLens is not able to recognize and distinguish between
the different surgical instruments in the scene. Particular
problems arose due to the delicate and similar structure of
some instruments. Furthermore, specular reflections from
metallic surfaces highly reduced recognition accuracy. An
integration of custom image processing algorithms that
make use of the spatial information and could feed back
their results to the HoloLens in real time are currently and
to the authors’ best knowledge not applicable within the
API for the HoloLens. However, this functionality is cru-
cial for the system to determine if an instrument has been
correctly placed in its corresponding grid cell. For the first
prototype we therefore attached QR-code markers to each
instrument that were recognized within the HoloLens’
video frames.

Experimental evaluation

Based on our prototype we performed a user experiment
with 14 participants, some with prior OR experience.
None had direct experience as a scrub nurse. During the
test, participants first received a short introduction to the
interaction modalities of the HoloLens such as gesture
and voice control. Once participants were acquainted with
the HoloLens in general, they were asked to set up the
system and test out the assistive functions.

First off, users were presented the projected grid and were
asked to relocate the grid to a desired position by means
of gesture control. After the grid was in the right position,
the participants had to place a total of 13 different surgical
instruments in their respective grid cells as it is shown in
Fig. 3. If the user had correctly placed the instrument in a
grid cell, the contour sketch disappeared. If it did not dis-
appear, the user had to pick up the instrument again, find
the correct box and place the instrument there. Addition-
ally, the participants were asked to interact with the sys-
tem via voice commands in order to highlight the grid
cells and contour sketches of specific instruments.

After successful completion the participants were all
asked to fill out a User Experience Questionnaire (UEQ)
[8], including a total of 26 statements that had to be rated
with a 7-step Likert-scale. All statements fell into six dif-
ferent categories: “Attractiveness”, ‘“Perspicuity”, “Effi-
ciency”, “Dependability”, “Stimulation” and “Novelty”.

To facilitate evaluation, we mapped the 7-step Likert-
scale that takes values from 1 to 7, to values between -3
and 3 as it is also done in [9]. The resulting scale made it
easier to directly tell if the user experience was rather pos-
itive (positive values) or rather negative (negative values).

Figure 4: Results from the User Experience Question-
naire (UEQ) [8]

Aside from the user experiments voice recognition accu-
racy was tested for all 13 instruments by calling their re-
spective name various times (n=30) and recording if the
system recognized the command correctly.

Results

All participants were able to accomplish the task without
major difficulties and therefore also completed the stand-



ardized questionnaire subsequent to the experiment. The
detection of the QR code worked stable, was, however,
sensitive to the distance and angle to the HoloLens’ cam-
era.

The system received mean ratings between 1.357 and
2.518. Fig. 4 shows the results as means and standard de-
viations over all participants and for all six categories.
The scale is divided into three sections: -3 to -0.8 (very
poor / poor), -0.8 to +0.8 (mediocre) and +0.8 to +3 (very
good / good), marked by the respective colors red, yellow
and green. Therefore, the ratings for all categories were
considered as at least “good”. The standard deviation
takes values of less than 0.5 points in all categories. Spe-
cifically “Perspicuity”, “Stimulation” and “Novelty”, re-
ceived the highest grades, where “Perspicuity” means
how intuitive and clear the system is. Ratings for “Effi-
ciency” and “Dependability” were the lowest, however,
still fall into the highest of the three categories and were
thus also considered as “good”.

A relative comparison with benchmark results for typical
UEQ ratings showed that for the categories “Attractive-
ness”, “Perspicuity”, “Stimulation” and “Novelty”, the
presented system ranks among the top 10% of the results
contained in the benchmark [9]. The remaining categories
“Efficiency” and “Dependability” still rank above aver-
age.

Voice detection also worked well for most instruments.
Detection rates were above 70% for all instruments. All
except the two keyword “PE Forceps” and “Scissors”
were even detected with an accuracy of 90% or more.

Discussion

In this context, the results underline that the system was
well received by most participants and its user experienc-
es ranks well among other applications. The test clearly
showed that the general concept of the system works well
and that the interaction between the user and the system is
intuitive. Since the test did not primarily include profes-
sional scrub nurses, this conclusion may only apply to the
general usage of the system in an OR setup. Clear state-
ments about the integration into the actual workflow and
its further interaction with the additional OR team mem-
bers cannot be made at this point.

Conclusions

Currently, the presented system could already be used for
training, whereas a sterile application in the OR is hin-
dered by the QR-code tags that are still necessary for in-
strument recognition. With further advancements in com-
puter vision, however, a direct detection from the image
may already be feasible, given that the Hololens’ API al-
lows a practical integration of custom algorithms.

Although the HoloLens is already employed for real med-
ical applications, its weight of 579g and its relatively

short battery life of 2 to 3 hours of active use might re-
strict their application during real surgery. Particularly for
longer surgical interventions, the system might not be
practical at its current state.

Future research will be devoted at its integration into the
OR and the preexisting workflow. The system is planned
to be coupled to a workflow recognition engine that aids
at automatically highlighting the required instruments in
each situation. We further work on enhancing the sys-
tem’s flexibility by integrating verbal information given
by the surgeon. Further user experiments will put a
stronger focus on OR staff members, particularly scrub
nurses, and their collaboration with the remaining OR
team.
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