
The Potentials for Hands-Free Interaction in
Micro-Neurosurgery

Hoorieh Afkari
School of Computing

University of Eastern Finland,
Finland

hoorieh.afkari@uef.fi

Shahram Eivazi
School of Computing

University of Eastern Finland,
Finland

shahram.eivazi@uef.fi

Roman Bednarik
School of Computing

University of Eastern Finland,
Finland

roman.bednarik@uef.fi

Susanne Mäkelä
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ABSTRACT
Micro-neurosurgery has been revolutionized by advances in
the surgical microscope such as high magnification that have
increased a surgeon’s ability to have a clear view of the sur-
gical field. High magnification necessitates frequent interac-
tion with the microscope during an operation, and the current
interaction technique for positioning and adjusting the micro-
scope introduces risk factors that force a surgeon to remove
hands from the operating field. The purpose of this study is to
investigate the potential for hands-free interaction in micro-
neurosurgery. We present findings from a contextual study
of how neurosurgeons interact with the microscope and the
surgical team, and discuss the implications of the findings for
designing hands-free, especially gaze-based interaction tech-
niques for micro-neurosurgery.
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eye-tracking.

ACM Classification Keywords
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INTRODUCTION
Over past decades, healthcare technologies have taken ad-
vantage of innovations from imaging and human-computer
interaction (HCI) research to improve diagnosis, treat-
ment, and patient safety. Micro-surgery, particularly micro-
neurosurgery, is one of the medical domains that has made
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great strides in improving surgical outcomes using these new
devices. The procedure of micro-neurosurgery is a delicate
combination of various techniques and tools with complex
interactions among the team members and between the tools
and the users [10, 23, 28]. This surgery is performed on
micro-scale structures of the nervous system under a high
magnification using a surgical microscope and miniaturized
instruments.

It took about forty years from the first microscope use in lab-
oratory medical research to the first micro-neurosurgery [40].
Today, regardless of the surgery type and steps, neurosurgeon
uses the microscope almost during the entire operation (as
suggested by expert [10]). This intensive interaction with a
microscope is the core of interest for this research.

To date, the development and research into the operation of
a surgical microscope has focused on two primary principles:
1) the stereoscopic magnified view of the anatomical struc-
tures to improve the operating precision and prevent errors
[25, 35, 40], and 2) the freedom to smoothly operate, move,
and otherwise adjust the microscope to keep the surgery sim-
ple and fast [3, 10, 35]. From the technological point of view,
the present surgical microscopes provide clear magnification
with powerful illumination. A sharp view of the operating
field, which is the result of a controlled zoom and focus sys-
tem, enables surgeons to have natural perception of the surgi-
cal field [20]. In addition, the option to adjust the position of
the whole instrument allows a surgeon to select different po-
sitions as required. What we will show later in this work, is
that the human-computer interaction principles have not been
carefully taken into account along the strides of the technol-
ogy development.

We will show in detail that although high magnification is
an important factor for the success of many complex surgi-
cal procedures, it has some significant disadvantages, conse-
quences and implications for designing interaction [26]. Op-
erating under high magnification means smaller view field
and introduces the need to maintain a clear view of all the ar-



eas of interest by adjusting and moving the microscope. It is
also not considered feasible for an assistant to adjust the mi-
croscope setting while the neurosurgeon keeps his/her eyes
engaged with the microscopes eyepiece. Currently, hand-
based interaction techniques for adjusting a surgical micro-
scope such as handgrip, knobs, or buttons require that sur-
geons remove their hands from the operative field. These
practices are not risk-free and lengthen the operating time.

In response to these limitations, previous research suggested
several remedies. First, a number of new input techniques
such as foot switch, voice, and eye control have been sug-
gested earlier by [4, 35, 41] to expand the ways in which sur-
geons interact with the operating microscope. Our interest is
also to explore possibilities of new interaction techniques for
the microscope. Alongside these techniques, other types of
robotic systems have been introduced into neurosurgery [18,
26]. Notwithstanding the importance of robotic techniques,
developing such systems would require a total transformation
of current surgery practices, this requires investigation within
the broader system of this medical work and is beyond the
scope and purpose of this research. In modern surgical prac-
tice, none of the described state-of-the-art techniques and sys-
tems have been adopted or have become available commer-
cially, thus hand control remains the status quo since the in-
troduction of microscopes to the operating room. The reasons
for the low rate of adoption of novel interactive technologies
into medical practice vary. It could be that current interaction
techniques have additional advantages that may be lost if they
were replaced with a new input system [17]. Therefore, intro-
duction of a new interactive technology to the operating room
(OR) needs to start with a careful investigation of the design
space, in order to create technologies that fit and improve in-
teraction, but, do not interfere with what works.

OPERATING ROOM AS A DESIGN CONTEXT
Work practices in healthcare have been widely studied in HCI
and computer-supported cooperative work (CSCW) [7], and
many of these studies have provided insights into the activi-
ties of surgical operations [1, 17, 21, 24]. A surgery involves
a complex division of labour in which people with very dif-
ferent skills and roles communicate and collaborate with each
other. Unlike in many other types of collaborative work, in
surgeries, the collaboration of the team focuses on supporting
one main activity that is performed by the surgeon [31].

One of the research interests in an operating room has
been how awareness [9] is produced and sustained during a
surgery. A recent study by Kusunoki et al. [21] explored
how vital signs monitors support decision making and situa-
tion awareness for medical teams. Awareness in OR is also
mediated through the use of tools: tools can be, for example,
arranged and configured during the operation to reflect the
current or expected state of the procedure [31].

The studies have also highlighted how crucial the coordi-
nation of activities between a surgeon and a scrub nurse is
for the success of a surgical operation [13, 31]. A scrub
nurse does not only pass instruments to a surgeon: based on
her knowledge and experience, she organises the instruments
considering the current stage of the procedure and a surgeon’s

personal preferences, anticipates a surgeon’s actions, and pre-
pares the instruments accordingly. In this way, a surgeon can
work fluently without interruptions and change instruments
as required [28].

Related to technology use, Nardi et al. [28] have discussed
the crucial role of live video for the surgical team in neuro-
surgeries. A video of the surgical field that would be other-
wise visible only to the surgeon provides a common focus
that supports shared awareness of the surgeon’s work and
helps the surgical team coordinate their activities. The live
video is especially important for a scrub nurse for observing
a surgeon’s actions. In the nurse’s case, however, watching of
the live video is frequently interrupted by other tasks, which
means that she needs to understand quickly what is going on
in the video. The rest of the team often watch video for longer
periods of time to see how the surgery is progressing.

The use of displays was also the focus in another study that
analysed how collaborative work practices and interaction are
spatially organised in neurosurgery [24]. Using the concept
of interaction proxemics – how properties of interactive de-
vices affect they way in which people spatially organise them-
selves with respect to technology, content and each other –
they discussed the needs of the surgical team related to con-
trolling images from a distance, pointing from a distance, fine
vs. coarse grained referencing, and having a better and more
flexible line of sight to images during a surgery.

Micro-neurosurgery, on which we focus in this work, differs
from other surgeries in its reliance on the microscope. In
micro-neurosurgery, the video image comes from a micro-
scope which is used by the surgeon during the operation. The
microscope can be zoomed and focused onto the operative
plane or surgeon can move the microscope to change the field
of view. Operating under microscope present challenges for
adjusting the microscope setting while both surgeon’s hand
are occupied by micro-instrument in action. For the first sur-
gical microscopes introduced to ORs in the early 1960’s, time
that was used to adjust and move a microscope was estimated
to be about 40% of the whole duration of microscope usage
time [39]. The time required for interacting with a micro-
scope was reduced significantly when the first counterbal-
ance microscope was introduced to OR in 1972 [39]. Sur-
geons could move microscope head freely around the oper-
ating field using an electromagnetic brake system. Since that
time, these devices have been used in surgery practice for sev-
eral decades and generally development of new interaction
techniques for operating microscope have remained experi-
mental. In response to these developments, to date, the argu-
ment for improving operating microscope have not been well
articulated within the context of micro-neurosurgery routines
and practices.

In this paper, we demonstrate a contextual study of micro-
neurosurgical operating procedure focusing on surgeons’ in-
teraction with the surgical microscope. Our interest, in partic-
ular, is to explore the potentials for novel hands-free input in-
teraction methods with focus on gaze-based interaction. Pre-
vious studies [4] that proposed gaze interaction techniques in
operating room only addressed the technical aspect of the sys-



tem and discussed the technological implementation. How-
ever, due to the complexity of the actual practice [22, 35],
to fulfill surgeons’ needs and requirements, first an in-depth
exploration of the design space is essential. Therefore, we
take a step back to identify the design space opportunities and
challenges, work flow, and communication patterns through
the lenses of a field study of microscope use during micro-
neurosurgery.

FIELD STUDY IN NEUROSURGERY ENVIRONMENT
This fieldwork profits from the contextual observation ap-
proaches as typically performed in HCI/CSCW practice, and
complements the data with video analysis, interviews and
think aloud data to understand the collaboration flow in
micro-neurosurgical environment. The study has been con-
ducted at Neurosurgery of KUH NeuroCenter, Kuopio Uni-
versity Hospital and Institute of Clinical.

In a course of one year we observed over 20 surgeries and dur-
ing two extra weeks of observation 6 surgeries were audio-
and video recorded. The detailed data collection was per-
formed in two operating theaters where three brain aneurysm
and three spine surgeries were performed. The average time
of each surgery was about 100 minutes and recordings cov-
ered the whole surgery time. Four senior neurosurgeons per-
formed the surgeries and two of the latest models of micro-
scopes (Zeiss Pentero) were used during these surgeries. Sur-
geons were all right-handed. In one case, a short part of a
surgery was conducted by a resident under supervision of the
main surgeon. In addition to the recorded video materials,
our data also contains the interview data of the surgeons and
residents which were collected before and after each surgery.
We were free to ask questions during surgeries and surgeons
were encouraged to provide us explanations about the opera-
tion procedure while performing surgeries.

MICRO-NEUROSURGERY THEATER SETTING
A typical plan of a surgical operating room (OR) is showed
in Figure 1. Providing fast and easy access for personnel, to
patient and other equipments is the main concern in the OR
setup. Maintaining a regular routines necessitates optimal ar-
rangements of the facility, however, in case of any emergen-
cies these spatial design factors are even more important.

The OR physical arrangement is set up to maintain the clear
line of sight for all OR personnel and to respect the sterile
zone during surgery. The patient table is located in the center
of the room. Sets of medical equipment are positioned around
the patient table. Surgeon’s position dictates the location of
scrub nurse and instrument table. Typically, two instrument
trolleys are placed close to the patient table on the right side of
the surgeon; this provides full access for both scrub nurse and
surgeon. Scrub nurse has control over the instrument tables in
the hand-off zone. Regardless of the surgery steps, the hand
off zone between surgeon and scrub nurse must be maintained
available and clear.

Situation awareness of the OR personnel is supported by pro-
jecting the microscope view from the operating field to sev-
eral displays. Real time video helps anesthesiologist, nurses
and other personnel to keep track of the surgery progress.

Figure 1. Typical micro-neurosurgical OR setting and configuration. It
shows the position of the surgeon (S), scrub nurse (N), microscope, dis-
plays (D1, D2, D3, D4), cameras and tables. Among displays, D2 and D3
specifically are used by scrub nurse. D1 is microscope screen which is
used by circulating nurse to activate the recording and adjust the illumi-
nation. Other OR team members follow the surgery using D4.

Surgeon has a direct access to the microscope and the body of
the microscope is located on the left side of the surgeon and
2-3 meters further from patient table. In all cases, surgeons
performed the surgery in standing position which provides
them full mobility and freedom to move.

The other equipment around the patient table, which includes
the vital signs devices, is controlled by the anesthesia team;
this team sits opposite the surgeon and microscope.

WORK FLOW OVERVIEW
A typical neurosurgical practice begins with the pre-operation
procedure. As the patient enters the operating room (OR),
there are a series of actions such as patient positioning, drap-
ing, preparing the sterile area the instruments, and the anes-
thesia. These are conducted by a scrub nurse, technicians,
and an anesthesia team.

It is necessary for a neurosurgeon to be present in the OR
and perform the final check of the medical images, and the
microscope optics and settings before their final aseptic and
gloving procedures. Surgeons also load their personal pro-
file into microscope software, which sets options based on
the surgeons’ preferences. Moreover, some surgeons prefer
to stay in the OR while the patient is being prepared for the
surgery to check the body orientation. A surgeon explained:

” It is not a part of my duty to be present and attend to patient
preparation. But I prefer to check the exact orientation of the
patient’s body. There are many details which can help me to
have more control over the operation. For example, gravity;
I consider the orientation and gravity to make the dissecting
procedure easier.”

Once the preparation is completed, the next phase of the oper-
ation starts. From this point, the scrub nurse assists the neuro-
surgeon by providing appropriate instruments and maintain-
ing the sterile environment. The initial incision and some dis-
section to access the surgical site do not require the micro-
scope.



When the operative field is ready for dissection, then the mi-
croscope is launched. The primary neurosurgeon pulls the
microscope arm and adjusts the oculars to perfect the view,
and if needed, the circulating nurse helps move the micro-
scope body closer to the patient table. The circulating nurse
is also responsible for adjusting the microscope light and for
activating the recording function. The microscope arm and
oculars which are located close to the patient bed in the ster-
ile area, are covered with a special sterilized wrapping dur-
ing the pre-operation preparation. Therefore, to interact with
unsterilized parts of the microscope, surgeons always need
assistance from a circulating nurse.

The majority of the operation involves dissection, during
which the neurosurgeon creates a path to the target point us-
ing miniaturized instruments under the highly magnified mi-
croscopic view. While the microscope is in use, the scrub
nurse follows the surgery from display screens with a live
view of the operative field provided.

After the treatment is completed, the surgeon performs the
wound closure procedure with or without using the micro-
scope. After closure, the microscope is not used, while the
surgeon controls the patients status, signs documents, and
then leaves the OR. The remaining post-operating procedures
are performed by other personnel and do not include surgical
use of the microscope. In summary, the average time distri-
bution of each surgery step is shown in Figure 2.

Figure 2. Average time distribution of surgeries. Microscope is used
throughout the most of the surgery.

INTERACTION OVERVIEW IN OR
As the surgery progresses, various interactions occur be-
tween the clinicians themselves and also with medical de-
vices. Two major interactions were observed during a neu-
rosurgical practice directly relating to use of the microscope.
Regardless of the type of surgery and phase, there was in-
teraction between the surgeon and the nearest standing scrub
nurse and between the surgeon and the microscope. The find-
ings are therefore structured around these two. First, a brief
description of the interaction between the scrub nurse and
neurosurgeon, then details of the work practices regarding
microscope use.

Interaction between surgeon and scrub nurse
The interaction between scrub nurse and surgeon starts at the
beginning of the operation. We observed a great orchestration
in the work between surgeon and nurse, with very few errors
or distractions to the flow. The proper instruments were pro-
vided to the surgeons through a hand-off interaction while
maintaining the sterile zone. A surgeon commented:

” Each surgeon follows a unique set of habits to perform the
operations, therefore, scrub nurses have to be aware of the
surgery routine and more importantly, the unique style of the

surgeon performing an operation. This prevents loading extra
works for the surgeon.”

At the beginning of the operation (when the microscope is not
yet in use) the scrub nurse follows the course of procedure
by direct observation of the surgeons hands and the operative
field. This, enables her to pass the correct instruments to the
surgeon. Only a few explicit verbal requests for a particu-
lar tool were witnessed in the hand-off interaction, generally,
this interaction was smooth and unproblematic without verbal
discussion between surgeon and scrub nurse.

Once the operative field and microscope were ready for dis-
secting, the surgeons fixed the position of their eyes to the
eye piece or ocular. We observed during the microscope use,
for the majority of the time, the surgeons kept their eyes con-
stantly on the ocular. Also during this dissection period, the
scrub nurse had to change her view from the operative field to
the OR display panel at her front. The scrub nurses only vi-
sual awareness of the procedure was at this time provided by
the live view displays of the microscopes field of view (Figure
3).

Figure 3. Scrub nurse follows the surgery by looking at the OR live view
display. The display shows only a sub-area of the view the surgeon has
through the oculars.

During this main part of the surgery, it is greatly important
that the hand-off interaction be precise and perfectly timed,
since when a surgeons eyes are positioned on the microscope
oculars, there is no opportunity for him/her to look at the next
instrument or the instrument table. The scrub nurse is fully
responsible for putting the instruments in a surgeons hand
with the correct orientation during the hand-off (Figure 4).
The scrub nurse, should not only react perfectly to the sur-
geons needs, but she/he also has a proactive role, in which
the nurse should observe the procedure and be able to pre-
dict the surgeons next move and prepare the necessary instru-
ment. Considering the non-verbal communication observed
between a surgeon and scrub nurse, the live view displays are
the only source of information the nurse can rely on to act
as desired. It is therefore very important to provide a scrub
nurse the opportunity to maintain her/his situational aware-
ness so that she/he can predict a surgeons next action; such
opportunity is currently missing.

Interaction with the surgical microscope



Figure 4. Hand off interaction between surgeon and scrub nurse. Sur-
geon does not leave the operative field unattended during handing off.

In addition to requiring a behavioral change of the scrub
nurse, use of the microscope also introduced a new type of
interaction to the operation. Surgeons were frequently ob-
served having to pause their manipulation of the surgical in-
struments to allow them to remove a hand from the operative
field so that they could interact with the microscope.

Adjusting the surgical microscope observed is possible using
either handgrips or a mouth switch that is integrated into the
microscopes head. Figure 5 shows one of the two handgrips
which are used to move the microscope arm and head. These
handles are located on the left and right side relative to the
oculars.

The releasing buttons integrated into the handgrips allow the
brake in the microscope arm to be controlled within a safe
balanced mode, so that a surgeon can move the arm in ev-
ery desired direction almost effortlessly. The grips also have
control buttons and knobs for the zoom, focus, and light.

Figure 5. Surgeons interact often with the microscope handgrip during
surgery. Handgrip interaction is used to adjust both the zoom, focus and
the angle of the microscope.

The functionality of these buttons can be defined based on
the surgeons needs and preferences and then stored in custom
profiles. Another possible way to manipulate the microscope
during an operation is to use a whistle-shaped mouth piece
located close to the surgeon’s mouth. This mouth switch has

been designed to be held by a surgeons lips or teeth and in-
cludes a control for the arm brake. Figure 6 shows a current
design of a mouthpiece being used to operate a microscope.
This switch allows the microscope arm to be moved left and
right, backward and forward, and up and down.

Figure 6. Mouthpiece in surgical microscope. Mouthpiece is not re-
garded as a usable way of interaction and its use disrupts collaborative
work.

In order to maintain a clear view of the operative field
surgeons were observed have to apply a set of continuous
commands (e.g. moving, zooming, and focusing) manu-
ally. The frequency of these interactions varied based on
the surgery type and operation phase. For example, during
brain aneurysm surgeries these types of adjustment interac-
tions were observed to be short in duration and in spatial
movement. In contrast, surgeries with deeper cavities (e.g.
spine surgeries) had longer and larger movements. A surgeon
explained:

” The biggest adjustment to the microscope happens when we
change the view direction to obtain a different perspective of
the operative field.”

Ideally, interaction with microscope should be smooth and
uninterrupted. However, our observation shows current inter-
actions are time-consuming and cause frequent interruptions
in the ongoing procedure. Once progress in operation makes
the current operative view field is out of focus or instruments
go out of the view field, surgeons have to pause the opera-
tion, remove the hand(s) from the surgical field and use the
handgrips to adjust the view again. Interruptions, time loss
and distractions caused by these interactions lead surgeons to
avoid interacting with microscope and keep performing the
procedure continuously as much as possible.

” When the problematic area is not located in the surface of
the brain, reaching to the desired point is a complicated pro-
cedure and if we take the hands from the field, the elasticity of
brain tissue causes losing the position and forces over-work
to obtain it again. Also, looking away from the microscope
ocular sometimes causes loss of alignment of the operative
field. ”

To enable surgeons having a clear view, microscope has aut-
ofocus functionality to keep the view focused and clear. But



we noticed this option is not being used by surgeons and they
find it not usable. Frequent movements of the instruments
and high magnified area make using the auto focusing not ef-
ficient. On the other hand, frequent refocusing is essential as
the brain tissue is soft and distorting happens. Additionally,
changing the depth of the surgical cavity necessitates con-
stant refocusing. Hence, surgeons rely on their own surgical
skills to overcome this limitation. It can be seen that surgeons
are working under a blur view for some time and they do not
change the zoom or focus to clarify the view field. Further,
we found out that by irrigating the surgical cavity, they lose
the focus and view for seconds but still they continue working
and gain the clear view again.

Another approach to obtain the clear view without removing
their hands from the surgical field is to use the mouth piece.
This enables neurosurgeons to move and adjust the position
of the microscope arm without taking the hands from the op-
eration and thus, it is recommended by expert neurosurgeons
to use mouth switch as often as possible [10]. Regardless of
its advantages, we noticed that in overall, the frequency and
duration of using the mouthpiece was low. By a closer look,
we found the answer of why neurosurgeons do not frequently
use the mouthpiece. The maneuverability provided by mouth-
piece is less than handgrips as well as the movement comfort.
Handgrips support movements in almost every desired direc-
tion whereas mouthpiece does not provide tilting. Moreover,
controlling the suspension by mouth is harder than hands and
it is often used for small and limited movements. Mouthpiece
use can soak the surgeon’s mask with saliva and also it is dif-
ficult to talk while mouthpiece is close to or inside the mouth.
A Surgeon explained:

” Regardless of keeping the hands in the surgical field and us-
ing the mouth, still during the adjustment progress (by mouth-
piece) we cannot use our hands to continue the operation. It
is an interruption but at least we can use our eyes and hands
to keep the position of the surgical field and maintain the situ-
ation awareness. But, the less possible movements in mouth-
piece, every sometimes, forces us to remove the hands and
readjust the view using the grips. It is always happening that
after several small movements by mouthpiece we use grips to
gain the perfect view.”

Interaction with microscope including the mouthpiece is
more difficult for resident due to the complex time coordina-
tion of interactions and original operation procedure. In one
example, we observed how a resident received advices from a
surgeon during the microscope use. The situation was highly
controlled by the surgeon. Surgeon gave his position to the
resident and followed the operation using the microscope co-
observation ocular. The resident continued the dissecting for
few minutes:

Resident: The view is not very clear anymore. I think I have
to focus.

Surgeon: No, continue, it will be cleared in few seconds.

Resident: OK... [The surgical area became clear again after
going few millimeters deeper.]

To further clarify our interpretation we ask a resident to ex-
plain the reasons for mentioned behavior:

”At the beginning of using the microscope, it is complicated to
use our hands in one direction and following hands by eyes
indirectly [Hand-eye coordinate]. Also controlling the unit
by mouth needs time and experience. Surgeon delivers his
experiences of using the device while controlling the surgery
procedure. Here, he knew by changing the depth of the cav-
ity the view will be cleared and he did not let me to change
the focus. As we get more familiar with brain tissue and its
characteristics, we know more where and when to change the
view, zoom and focus. ”

Strategies to overcome interaction problems
The limitations related to microscope interaction affected the
way surgeons manage the operation. In all of the observed
operations, surgeons combine the handgrip interaction with
hand off interaction. As using the grips forces the surgeon
to remove the hands from the surgical field, surgeons mostly
interact with microscope when they need to change the instru-
ment. In this case, they save the time by taking the hand one
time for two reasons. However, this requires the scrub nurse
to have full awareness and anticipation of the exact time for
adjusting the microscope.

Another example of developing an strategy to avoid interac-
tion with microscope seen when surgeon covers the limita-
tion of the microscope movements by having specific body
postures. For example, bend their knees or stay on toes or ad-
justing their height by wearing or removing high-heeled clogs
(Figure 7). Surgeon confirmed our observation:

” Sometimes, in order to obtain a view of the more challeng-
ing target points, we need to complete the microscope arm
movements with our body postures (Figure 7).”

Figure 7. Poor results of microscope modalities for adjusting the unit,
and avoidance to interrupt the surgery flow, lead surgeons to adopt uner-
gonomic body postures to obtain and maintain a clear view.



We observed avoiding interaction with microscope, brings ad-
ditional risks and potential complications to the collaborative
activities. Sometime surgeon had to make decision to con-
tinue operation for few seconds under unclear view or inter-
rupt the surgery for focusing. Moreover, Often surgeons were
continuing the operation when their hands reached to the bor-
der of the view field (Figure 8). This is also a hazardous
situation as the the view of the microscope is wider than the
live view screen of the nurse and it affects the collaborative
work for scrub nurse while following the surgery.

Figure 8. Microscope view is blurred and at the same time the surgeon
works close to the edge of the view field.

Surgeons know if they remove hands from the surgical field
or interrupt the surgery by using the mouthpiece, in order to
obtain a better view they lose the time and the outcome of
view change might not be as desired. Thus, they continue and
adapt themselves to situation by putting effort from their own
side: taking uncomfortable body postures, continue working
as possible with the current view field even if it is very close
to the edge of the view or unfocused, and use their surgi-
cal skills (familiarity to the body anatomy) to overcome these
constrains.

IMPLICATIONS FOR HANDS-FREE INTERACTION DE-
SIGN
We looked at the nuances of the microscope use in neurosur-
gical operating room from the perspective of interaction anal-
ysis. We have found that performing a simple, fast, and safe
practice are the key objectives during a neurosurgical pro-
cedure and drives the interaction between people and medi-
cal technologies. Surgeons play a leading role in interacting
with the personnel and instruments in order to expedite the
progress as well as to warrant safe surgery. In order to man-
age critical resources effectively, surgeons make a frequent
use of microscope features and seamlessly coordinate their
eyes and hands within the restricted working area. Adjusting
the focus and zoom, and changing the position of the micro-
scope are the two major types of interactions.

The findings give yield to a set of requirements within the
sociotechnical environment and established procedures. The
requirements, we believe, can be met by various modes of
hands-free interaction for surgical microscopes. With this in

mind, we return to our original motivation which was to ex-
plore the potentials for new input interaction methods in neu-
rosurgical OR settings. The general benefit of hands-free in-
teraction techniques is that they allow the surgeons to keep
their hands in the operative field while adjusting the micro-
scope setting using the new modality. Hands-free interaction
also in many cases fulfills the requirements of sterile aseptic
practice.

The interaction between the leading surgeon and the as-
sisting scrub nurse can be seen as a hallmark of flawless,
interruption-free collaboration. Similarly, a new way of in-
teracting with the surgical microscope needs to reduce the
interruption of the surgery. The need for interruption reduc-
tion is supported by the observed behavior of the surgeons:
they employed various strategies to keep a procedure going,
including active avoidance of interaction with devices to min-
imize interruption. Therefore, surgeons deliberately reduce
the number of times they adjust the microscope that would
force them to remove hands from the operative field. Any
new input modality to be applied to a microscope thus has to
support uninterrupted operation. In our study, we have seen
that surgeons’ intention to continue working leads to unclear
microscope view, to working very close to the edge of the
view field, or to unergonomic positions. In many cases these
strategies cannot be considered to fulfill the requirements of
safe surgery.

In sum, we observed that any new interaction and change of
work has to support hands-free work, minimize interruption
and provide implicit way of work, allow continuous and fine
grained input. The technology cannot force the users to as-
sume unergonomic positions.

Not surprisingly, the need for a hands-free interaction tech-
nique has been a central concern of surgical microscope de-
velopment since its invention. However, there are only a lim-
ited number of candidates for such a modality of control. In
the following, we evaluate the feasibility of four input tech-
niques, namely, mouth-operated input, foot control, voice in-
put, and gaze input; Table 1 shows a comparison of these
different input techniques with respect to the primary require-
ments.

In the early 1970s, the mouthpiece was introduced to surgical
microscopes as the most practical interaction technique for
repositioning or refocusing [35, 39]. Controlling microscope
with mouth enhances the mobility of the microscope and is
supposed to reduce operating time. It is recommended to use
mouth switch for the entire duration of neurosurgery opera-
tion [10]. However, we discovered that mouthpiece was not
used frequently. This modality also does not offer a solution
toward focus and zoom control, and requires extra efforts in
coordinating head control.

Mouth-based control, we observed, is difficult especially for
residents to hold the mouth-switch with lip or teeth to release
the microscope breaks and move the microscope ocular by
their head. Further, this interaction technique causes soaking
the surgeon’s mask by saliva, creating further discomfort and
rejection. Moreover, surgeons consider using the mouthpiece



Modality Continuous Uninterrupted Implicit Clear view Ergonomic Aseptic contact
input operation focus and zoom maintenance position

Mouthpiece x - - - - -
Pedal x - - - - -
Voice - x - x x x
Gaze x x x x x x

Table 1. Comparison of potential hands-free input interaction techniques for focus, zoom, and position control of a surgical microscope. An ’x’ denotes
a fulfillment of the requirement.

as a source of interruption. Finally, the quality of collabora-
tion and teamwork are threatened because users can not talk
with the OR team while mouthpiece is inside the mouth; after
few movements using the mouthpiece the limitation of move-
ment forced surgeons to anyway remove hands from the oper-
ating field and use the handgrip for changing the field of view
with larger extent.

A second technique that has traditionally been used to ad-
just the microscope setting is a foot pedal (switch) [34, 35,
39]. This interaction has been often used to adjust magnifi-
cation and focusing of a motorized microscope. In theory it
is possible to use the foot pedal for adjusting all settings of
the microscope, however, placing multiple-switches on a foot
pedal increases the risk of error by hitting the wrong switch.

The main challenges of using foot pedal is however its poor
ergonomic. Standing position in neurosurgery allows sur-
geons free mobility [22], however the pedal interaction tech-
nique requires surgeons to sit on a stool while manipulat-
ing the foot switch [32]. Sitting position for neurosurgeons
is rare, except in certain operations, such as extracranial-
intracranial bypass operations thus using foot pedal in stand-
ing position cause fatigue. In our study, we have not regis-
tered any case of using foot pedal, however in other literature
it has been observed that often a foot pedal moves away from
the surgeon feet accidentally, which causes interruption be-
cause surgeons had to look down or ask a nurse to reposition
the pedal [36].

Another possibility of hands-free interaction input is voice
control. This technique has often been used in applications
that are risk free due to persisting speech recognition errors.
In neurosurgery OR with various naturally occurring sounds,
speech, and noise recognition of speech is even more chal-
lenging. The implementation of voice control system in neu-
rosurgery is discussed in previous work (e.g. [14, 19, 37,
41]), but most of these applications remained experimental
and have never been commercially used to operate a surgical
microscope [18]. The use of voice for adjusting microscope
settings invites questions about how to simulate continuous
commands such as zooming and focusing with a voice com-
mand [4]. Correspondingly, other questions have been raised
[12] concerning the voice command delay –time to speak and
recognized a voice command.

The next area of significant opportunity for hands-free inter-
action is gaze interaction technique. Gaze control systems
have been proposed as an input device when it is not possible
to operate a system with hands [8, 16, 38]. The improvements
in computer vision-based techniques makes it possible to ap-

ply gaze-based interactions in operating room. For example,
gaze-contingent control has been recently proposed as an in-
put device in minimally invasive surgery (MIS) [27, 33] and
laparoscopic surgery [29].

Gaze based input in micro-neurosurgery
In an experiment in early 1990’s Charleir et al. [4] developed
an eye-based control for microscope. They divided the mi-
croscope view field into three command zones, namely, the
peripheral zone, intermediate zone, and central zone. When
gaze points were detected within the peripheral zone, the mo-
torized microscope ocular could move to the corresponding
direction with maximum speed and at the time gaze points ar-
rived in the intermediate zone the speed of movement reduced
till the gaze point was located at the central zone. Charleir et
al. and other similar works explored the potentials of gaze-
based interaction from technical side rather than they would
fully assessed the design implications for gaze-based interac-
tion within surgical procedures and context.

Gaze input offers solution to numerous issues related to ad-
justing the microscope settings. The gaze-based interaction
for changing the microscope setting would reduce number of
interruptions, because practically it is possible to use gaze
points for direct movements commands [8, 16, 38]. More-
over, we found that the current microscope auto-focus func-
tionality is not used by the surgeons due to inaccuracy of
the system. Gaze offers a way to overcome this problem by
adding implicit information about where the surgeon is look-
ing at before applying any auto-focus technique [11]. It is
also feasible to use a gaze-controlled zooming system [30] in
the microscope to reduce the number of interruption cause by
adjusting the optical zoom.

Gaze-based interaction would give surgeons more natural
control over positioning and adjusting the microscope and
would maintain sterility of the operation zone. However, this
rises a number of design challenges. The first concerns inte-
gration of an eye tracker into the operating microscope. To
date, development of such technology has not been well in-
vestigated in contrast with other domains where eye-trackers
are well established devices [5]. An eventual eye-tracker here
has to be non-intrusive and maintain the standard interaction
flow between surgeon and microscope.

The second methodological consideration here is the Midas-
touch (MT) problem, as reported in gaze-control research
[15]: gaze-commands are activated by system accidentally
due to the fact that it is hard to distinguish between uninten-
tional looking and issuing a command. To match the the com-
plexity of actual practice and to guarantee patient safety, the



interaction system has to be error free. There are a number
of ways to deal with intention recognition from gaze, includ-
ing a dwell time system in which the surgeons look on the
desire direction for a sufficient long time in order to interact
with the microscope, or to integrate gaze-input system with
other input modality. A more recent approach to MT is to
use machine learning technique to detect the intentional and
unintentional action before applying the interface commands
[2].

CONCLUSIONS
Here we provided a detailed account of the interactions be-
tween practitioners and medical technology in the context of
micro-neurosurgery routines and practices with a surgical mi-
croscope. Based on the findings, we derived a set of require-
ments for future input modalities to control a surgical micro-
scope.

Current interaction techniques for positioning and adjusting
the microscope during surgeries cause undesirable interrup-
tions by forcing the surgeons to remove their hands from the
operating field. In order to avoid such interruptions, the sur-
geons often assume uncomfortable positions and work under
suboptimal conditions instead of interacting with the micro-
scope. The use of microscope also makes the display show-
ing a partial view from the microscope a central element for
supporting the shared awareness between the surgeon and the
scrub nurse.

The findings provide a first step towards designing new in-
teraction techniques for a microscope in neurosurgical set-
tings. We used the findings to evaluate the feasibility of sev-
eral hands-free input modalities. Out of the available op-
tions, gaze-based interaction appears promising as it would
allow continuous input without interruptions while maintain-
ing sterility and clear view during the surgery. Furthermore,
gaze-based interaction could be used to improve current aut-
ofocus function of the microscope and to provide additional
information to first support the crucial interaction between
the surgeon and the scrub nurse in this life-critical context
and second support training in this area [6].
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