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air. Surgical masks typically lose their effectiveness as 
a barrier to the mouth and nose area after 2 hours, a 
phenomenon exacerbated especially when speaking in a 
louder voice.27 28 SOTOS will therefore likely improve 
asepsis, especially for prolonged OR procedures.

For the working situation of OR team members, it 
is important to note that many negative health effects 
and hazards due to long-term exposure to noise pollu-
tion have been reported: high blood pressure, tachy-
cardia, reduced flow in microvessels, organ perfusion 
reduction and higher cortisol levels. Noise pollution 
can affect the mechanical skills of the surgeon by 
tremor, disturbed tactile sensation, worse target move-
ments and less force in muscular coordination.2 3 29 30

It is therefore not surprising that adverse outcomes 
of surgical procedures with higher noise levels have 
been reported.1 18 31 There are of course silent oper-
ations, but in the OR, levels of noise up to 108 dB 
have been reported in the preparation phase.1 Healey 

et al described a median level of 58 dB.32 Hodge and 
Thompson found that at times during an OR proce-
dure, noise levels were greater than 80 dB.1 Further-
more, OR noise levels are expected to rise with 
new monitoring technologies, surgical devices and 
increased team size.19 A direct correlation in massive 
information loss and increasing OR noise levels has 
already been observed.33 34

An individual adjustment of the stereo field for 
each participant allowed better spatial orientation and 
recognition. The digitally generated acoustics resulted 
in a close proximity feeling of the communication 
partners. This led to a new way of communication in 
the OR, with a relaxed tone resulting from the elim-
ination for the need to shout—a feature appreciated 
by all team members. The SOTOS was perceived as an 
eliminator of ambient noise and as an innovative way 
to support task-oriented communication in the OR. 
It was repeatedly reported, especially from surgeons, 

Figure 7  Parts of technical equipment, human interfaces, headsets and transmitter of the Silent Operating Theatre Optimisation 
System (SOTOS). Perception of wear comfort was asked during the pilot study. Possible answers: very good/good/ fair/poor.
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that because of the use of the SOTOS, it was much 
easier to achieve the desired level of high concen-
tration and to sustain it over 6–8 hours duration. In 
general, team members communicated together in 
relaxed and smooth speech patterns. We also observed 
the significant difference the team members registered 
postoperatively when they removed their headsets and 
realised the loudness of the unfiltered ambient noise.

The positive effects of music could not be traced to 
a specific genre of music. Individual listening habits, 
musical backgrounds, music preferences and the 
current mental state of the team members undoubtedly 
impact the effect of music in the OR but are impossible 
to empirically measure. Research in music psychology 
has not shown a generalised, consistent pattern of 
emotional response to music. Our system therefore 
offers personalised music and enables team members 
to use their preferred genre. Different media can be 
used to play and store music. In the SOTOS set-up, we 
mainly use a high-quality double CD player and a 
3 mm stereo jack to serve as an inlet for MP3 players, 
external play storage units, tablets and smartphones.

In  particular, the supportive use of music in a 
setting comparable to SOTOS has not been studied 
before. Unlike Nahai, who found that music in the 
OR disrupted the speech-dependent information 
exchange,35 we found that music improved commu-
nication, probably because the music applied by the 
SOTOS was controlled with ducking mechanisms and 
was present in a greatly noise-reduced OR environ-
ment. Our results correlate with those of Faraj et al, 
who reported improvement in cognitive processes, 
feeling of well-being, improved work efficiency and 
positive relaxing effects of music in the OR.36 Our 
results are also in line with Ullmann et al, who accessed 
250 surveys, finding 78% of all team members agreed 
that music in the OR resulted in a calmer work atmo-
sphere and increase in efficiency.37

To our knowledge, SOTOS does not require registra-
tion as a medical product. It can be integrated into any 
high-tech environment as a technical aid, provided that 
standard safety measures are respected. Further studies 
on SOTOS, including physiological and psychological 
testing, are ongoing and will be reported.

Conclusion
We developed the SOTOS as an effective OR technical 
noise reduction methodology and communication 
structure, designed to function with interconnected 
subgroups using selective signals and specific signal 
pathways. Thus far, testing has shown that SOTOS can 
easily implement in the high-tech setting of an oper-
ating theatre. These initial positive experiences have 
encouraged us to further develop the system.
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