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Abstract :

Modern surgery rooms are becoming increasingly complex. Future systems are desired to address the need for intra-
operative, intelligent presentation of various information sources and context-specific support of surgeons. This re-
quires a reliable detection of surgical activity from sensor data obtained within the OR. We present our approach to-
wards the usage of wearable accelerometers within ORs and intervention rooms for surgical activity detection. A me-
thod for attachment of accelerometers to the surgeon is proposed that is compliant with OR sterility regulations and
which was applied at our partner medical institutions during several cases of minimally-invasive surgery and interven-
tion. First results for activity detection during both simulated and real percutaneous vertebroplasty interventions are
presented which indicate the usefulness of motion data for surgical activity detection.
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1 Problem

Modern surgery rooms are becoming increasingly complex. Future systems are desired to address the need for intra-
operative, intelligent presentation of various information sources and context-specific support of surgeons. Sensor data
obtained from the OR contains much information which can be used for modeling, analyzing and monitoring of surgical
workflow. In previous work, we extracted discrete signals representing the usage of surgical tools from video data for
workflow recovery [1, 2]. In this work, we evaluate actibelt” accelerometers [3] for continuous recording of motion in
order to detect surgical activity. Based on our interaction with six surgeons, we describe several requirements for the
usage of accelerometers inside medical ORs concerning issues of hygiene, workflow conformity and clinical acceptance.
We furthermore describe the compliant usage of actibelt™ accelerometers during two different surgery types, laparoscop-
ic cholecystectomy and percutaneous vertebroplasty.

Recordings of motion in laparoscopic cholecystectomy and percutaneous vertebroplasty followed different goals. To-
gether with our medical partner institution for cholecystectomy, we derived the sterilization procedure which is further
described in the next section. Apart from that, we expect that due to the nature of minimally-invasive surgery, only little
hand motion is performed during laparoscopic maneuvers. However, the change of laparoscopic instruments should be
well detectable from motion. Being a valuable piece of information [2, 7], the detection of of surgical tool changes will
be investigated upon in an upcoming project.

Finally, we present preliminary results from first experiments concerning activity recognition during percutaneous verte-
broplasty. In vertebroplasty, a hollow or wedged vertebra (e.g. due to osteoporosis) is stabilized by insertion of a metal-
lic trocar into the vertebra and injection of acrylic cement. Specific movements during vertebroplasty represent surgical
work steps, e.g. a hammering motion indicates the insertion of the trocar through the pedicle. In a parallel project,
ARAV (Augmented-Reality Aided Vertebroplasty) [8], we aim at using this information for adapting visualization para-
meters in AR or presenting valuable information to the surgeon during particular work steps, such as pre-operative imag-
ing data, tool handling tips or the trocar trajectory. In a broader view, we aim at partly recovering surgical work steps
from motion, which can then be used for workflow analysis as well as online workflow detection and context-specific
support.



2 Methods

In order to test and evaluate accelerometer usage for activity detection in surgical environments, we attached actibelt™
units to the waist and both forearms of participants during simulated and real surgical interventions. actibelts” [3] are
stand-alone, 3-axis accelerometers recording acceleration data in the range [-6g, 6g] at a frequency of 100Hz, with 12bit
resolution for up to 100 hours. Measured data were uploaded to the actibelt® web application' for centralized storage
and subsequent analysis. In order to cope with the strict hygienic regulations in the OR, we attached actibelts” beneath
the sterile surgical coat. The workflow for attaching actibelt® units to the surgeon has the following steps (cf. figure 1):

The surgeon enters the preparation room and puts on the waist accelerometer using a provided belt.
He prepares for sterilization as usual (washing and sterilizing hands etc...).
Before putting on the surgical coat, a sterile person unpacks two pre-sterilized strip of TG tube bandages and
puts one on each forearm of the surgeon. A non-sterile assistant can then attach the accelerometer units onto the
tube bandage, using Velcro fasteners. By folding the sterile ends of the bandage strip onto the accelerometer, a
sufficient level of sterility is achieved beneath the surgical coat. At the same time, the tube bandage ensures ad-
ditional wear comfort.

e The surgeon puts on the sterile surgical coat and latex gloves. He approaches the sterile surgical scene and si-
tus.

The above described procedure was conceived together with and given consent by the central authority for sterility

compliance of our partner medical institution.
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Figure 1: actibelt” accelerometers were attached beneath the sterile surgical coat for recording of surgical mo-
tion. Detection of particular motions during percutancous vertebroplasty is intended to allow for context-
specific support and adaptive user interfaces and visualization in upcoming projects.

actibelt” units store acceleration data onto internal flash memory. After recording data during surgical procedures, the
data was downloaded and evaluated for detection of surgical activity.

For activity recognition, we took signal magnitudes, effectively reducing gravitational influences and representing
movements as energy signals. The data was split into subsequences and evaluated in both time and frequency domain as
input to Hidden Markov Models (HMMs). HMMs are widely used for efficient recognition of speech [4] or human ac-
tivity [5, 6]. We varied several parameters of the HMM network, such as number of nodes and connection type (i.e. fully
connected HMMs vs. left-right models) in order to evaluate a suitable topology. Characteristic movements representing
activities in vertebroplasty, such as hammering, walking or cement stirring were manually labeled from video and used
as HMM input training data, allowing detection of surgical activity in unknown surgeries. Table 1 gives an overview
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over surgical motions in the simulated and real vertebroplasty settings. Highlighted motions indicate high workflow re-
levance compared to other motions.

3 Results

Together with six partner surgeons, we recorded motion data during 10 simulated vertebroplasties (1 participant), 4 real
laparoscopic cholecystectomies and 5 vertebroplasties (3 different surgeons each). Based on discussions with the surge-
ons, several requirements for accelerometer usage were identified:

e The usage should be non-intrusive to the workflow, i.e. they should be quick to attach.

e Devices should show no outstanding parts, in particular cables.

e Wearable devices should comply with the strict regulations for sterility in the OR.

e Wear comfort should be provided to avoid distractions during surgery.

Using actibelts”, we were able to fulfill these requirements to a large extent. The attachment was quick to execute and
required no extra personnel. Attachment to the forearms was performed after the surgeon entered the room and after he
washed and sterilized his hands and forearms, however, before the sterile surgical coat was put on. actibelts® are com-
pact devices with internal memory and without any protruding components such as cables. Thus, the attachment was
quick and sufficiently uncomplicated in order to not disturb the workflow of the surgeon and his team. With only one
case of too tight attachment, however, causing no complications during surgeries, surgeons showed high acceptance in
all cases and declared readiness for further usage.

Concerning activity recognition, we conducted HMM training and activity detection with leave-one-out cross-validation
on all recorded vertebroplasties. In the simulated setting, 92% of subsequences representing 14 different activities could
be classified correctly, a result which is comparable to related work [6]. Average recognition rates in the real-life setting
with 10 activities were much lower at 44%. Several reasons can be identified. First, the movements in the intervention
room are entirely unconstrained, in contrast to the simulated setting, where unnecessary gestures and movements were
avoided. This led to a “random move” class, to which up to 67% of false negative rates per activity (17% on average)
could be accounted. Another important reason for poor performance is insufficient amount of training data for HMM
learning. While 1 participant provided 10 vertebroplasty simulations in order to yield detection results above 90%, our
real vertebroplasty dataset was recorded with 3 different surgeons performing 5 vertebroplasty interventions. This indi-
cates the need for sufficient amount of training data. We expect results to improve as soon as more data is acquired, a
task that we are currently pursuing. The results on real surgical interventions presented here-in can thus be regarded as
preliminary work.

Nevertheless, even the preliminary results within the real setting are much better than random recognition (10%). Over-
all, the relatively low recognition rate in the real scenario confirms the expected result that accelerometers alone are not
sufficient for reliable activity recognition in entirely unconstrained environments. However, as shown in previous [7]
and related work [6], several signals with little distinguishing capability can be combined to allow high recognition rates
in the mid-ninety region, which we will aim for in future work.

Simulated Vertebroplasties 3 4
Silence 1B 053 006 O 0 0.05 002 0.1 0.01 001 0.15 0.01 002 0 0.05
Walking A 0.02 095 O 0 001 0 001 O 0 0 0.01 001 o0 0
Synchronization clap arms 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Synchronization clap waist 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Put on radiation vest 1 005 O 0 0 0.9 0 0 0 0 0 005 O 0 0
Needle position (3 0.1 0 0 0 0 09 O 0 0 0 0 0 0 0
Cut and insertion 7 0 0 0 0 0 0 09 0.1 0 0 0 0 0 0
Hammering 8 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Cement stirring 9 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Syringe filling (88 0.08 0 0 0 0 0.03 003 0 0 07 O 018 0 0
Syringe cleaning 11 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Cement injection 12 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Trocar retraction 13 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Put off vest 14 0 0 0 0 0 0 0 0 0 0 0 0 0 1



Real Vertebroplasties 8 9 10

Silence 1 041 008 0.11 0.02 02 0.0l 003 0.03 0.01 0.11
Random move 2 0.07 035 0.13 0.03 0.11 0.02 0.03 0.05 0.05 0.17
Place trocar 3 0.14 0.08 047 001 021 0 003 0 0.04 0.02
Hammering 4 0 0.04 0.04 086 O 0 002 0 004 O
Trocar retraction 5 0.17 003 037 0 034 0 0.03 004 0.01 0.03
Stirring 6 0.11 027 0.1 0.07 01 002 033 0 0 0
Syringe filling 7 0 0.67 0.17 0 0 0 017 O 0 0
Bend down 8 0.05 0.09 0.04 0.04 0.06 0.01 0.04 0.59 0.04 0.04
Get up 9 0.06 008 009 0 0.04 0.01 0.0 0.09 0.56 0.06
‘Whole body move 10 0.04 0.08 0.04 0 0.03 0.01 0 0.13 0.14 0.53

Table 1: Confusion tables for activity detection in simulated percutaneous vertebroplasties (top table) and real
vertebroplasties (bottom table). Average detection rates in simulated and real vertebroplasties are 92% and
44%, respectively. Highlighted activities are more relevant to vertebroplasty workflow than others.

4 Discussion

Having conducted 11 real-life studies with our partner surgeons, we recorded around seven hours of accelerometer data
in the OR. We identified several requirements for accelerometer usage concerning safety, comfort and non-obtrusiveness
of surgical workflow. These are not specific to accelerometers but should be regarded as general guidelines for wearable
devices in the OR, potentially leveraging future clinical acceptance of systems incorporating such sensors. Future at-
tachments for actibelts® are conceived as fully sterilizable armbands, further reducing setup time and increasing wear
comfort. Furthermore, future actibelt® versions will have additional sensors and feature wireless transmission allowing
online monitoring of motion data. Using accelerometer signals alone, preliminary results showed around 92% and 44%
redetection accuracies of surgical activity, respectively in simulated and entirely unconstrained, real-life surgery settings.
In upcoming work, we will combine actibelt” data with further OR sensor data, allowing for much higher recognition
rates with the overall goal of creating context-sensitive, intelligent systems in future ORs.
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