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Summary 

Modular solutions for operation theatres made of glass and metal adversely affect the sound 

environment as the absorption of sound is non-existent. The requirement for reverberation time 

(RT) in operating rooms is according to Swedish Standard 25268 < 0.6 seconds. Modules without 

additional acoustic supplement are calculated to around 2.0 seconds. This way of building is a 

growing trend and we believe there is a need for the market to know how the sound environment 

is affected. 

The noise level in operating rooms (OR) can be particularly difficult and may affect the ability of 

the staff to hear the proper instruction; it also affects their perceived stress and well -being. Sound 

peaks can reach 110 decibel (dB) when tools are in use.  

In our research the modular ceiling was replaced with a sound absorbing ceiling with Absorption 

Class A. Both normal sized rooms (65m²) and the larger Hybrid room (105 m²) was treated with 

absorbents. To gain better understanding on the sound environment we also chose to measure 

Speech Clarity (C50). Acoustic measurements in the normal size rooms showed a RT of 

0.7seconds and in the Hybrid 0.9 seconds. The Hybrid would not be approved according to SS 

25268. This is important information as a hospital planner might think that if they order a package 

solution all building demands would be fulfilled. C50 measures A-weighted 4.8dB in the Hybrid. 

The measurement is very unevenly distributed over the frequency spectrum with a clear drop at 

the important frequency range 1000Hz. 

 

 

1. Introduction 

 
Noise levels have steadily increased in hospital 

over the last >40 years, both day time and night 

time [1]. The noise level in operating rooms can be 

particularly difficult and research shows that this 

may affect the ability of the staff to perceive proper 

oral instruction; it also affects their perceived stress 

and well-being. Sound peaks can reach 110dB 

when saw and drill are in use [2, 3]. Kracht, Busch-

Vishniac and West showed, in a study from 2007 in 

Johns Hopkins Hospital, that orthopedic surgery 

was found to have the highest Leq at approximately 

66 dB(A). Neurosurgery, urology, cardiology and 

gastrointestinal surgery followed closely ranging 

from 62-65 dB(A). For neurosurgery and 

orthopedic surgery peak levels exceeded 100 dB 

over 40% of the time [4]. 

Medical errors due to noise are a safety concern 

that needs to be prevented in all possible ways. 

Staff reports that they find it difficult to properly 

hear what is being said and misunderstandings, due 

to reduced intelligibility, is a common problem [5]. 

It can also be difficult to determine the origin of 

alarms signals from the technical devises due to 

reflection of the multiple soundwaves. Assessment 

of distance and direction is very well developed for 

the human ear in a setting without disturbing 

reflexes but it will be negatively affected in a 

confined space with multiple sound sources. 

What can be done to reduce noise? It requires a 

combination of actions; alteration of human 

behaviour, settings and functional sounds on the 

med-tech devices and sound absorbing materials to 

deal with excess sound energy and unwanted 

reflections [6]. Sound absorbing material can 

improve the sound environment as shown in several 

studies and the effect has impact on both staff work 

environment, wellbeing and stress as well as patient 

experience of received care [7, 8]. 

In this building project, the client had chosen a 

complete package solution for the operating rooms 

with a modular solution that enables great 

flexibility for future changes in the business. All 

the technology and displays available on the wall 

surface are integrated in the module unit. This 

gives maximum use of surface and is functional 

and hygienic. The visual impression of the room is 

beautiful and perceived as pure and aesthetic and 

building time is heavily reduced with the extra 
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bonus that normal daily work is not as affected as 

with the traditional way of building. However, 

there is a disadvantage of modular solutions; 

floors, walls and ceilings adversely affect the 

sound environment as the absorption of sound is 

more or less non-existent. This is due to the 

module material properties of glass and metal, 

which instead of decreasing the reverberation time 

instead contribute to increase it.  The requirement 

for reverberation time in operating rooms is 

according to Swedish Standard 25268 0.6 seconds 

or lower [9].  

In order to create a good sound environment and 

meet the standard, it was decided to replace the 

modular metal ceiling with a sound absorbing 

ceiling with Absorption Class A [10, 11]. 
Absorption Class A is the highest class and has a 

very good ability to absorb sound energy. The 

product chosen was a glass wool mineral absorbent 

Ecophon Hygiene Performance ™ 40mm 

(Ecophon, SE). This is used as a comprehensive 

ceiling solution with the exception of the Laminar 

Air Flow (LAF) ventilation, pendants and lighting, 

giving coverage of approximately 80% of the total 

ceiling area. No absorbents were mounted on the 

wall. The absorbers were assembled in existing 

grids from the modular manufacturer 

(Hospitaltechnik, DE). Both operating room (OR) 9 

and the Hybrid were treated with absorbents. The 

absorbent fulfill all cleaning requirements for high 

specialist area (methods, cleaning agents and 

disinfection according to national practice). 

All 14 new operating rooms that were being built 

were 65 m², and we measured one of them, OR 9. 

The project also included one larger room of 105 

m², with the purpose to work as a Hybrid, room 10. 

A hybrid operating room is a surgical theatre that is 

equipped with advanced medical imaging devices 

such as fixed C-arms, CT scanners or MRI scanners 

and thus need more space to hold the equipment 

and more number of staff. 

 We wanted to compare the two room types as we 

believed reverberation time (T20) most likely 

would be met for OR 9 and probably not for the 

Hybrid after replacing the metal ceiling with 

absorbents. To gain better understanding on the 

sound environment we also chose to measure 

Speech Clarity even though it is not included in the 

standard.  

The first acoustical measurement showed that the 

Hybrid was in need of further acoustic treatment to 

meet the requirement in the standard, as shown in 

Part 1 under Method and Result. Low frequency 

mineral wool product Extra Bass™ 50mm was 

added above the ceiling loosely fitted and spread 

out with a total of 100m². New acoustical 

measurements were done as presented in Part 2 

under Result. 

 

 

2. Method 

Rooms were built with wall modules assembled 

together (Hospitaltechnik, DE), three 3-glass 

windows on one wall and one sliding door on the 

adjacent wall. Floor material was vinyl carpet on 

concrete. Ceiling material consisted of mineral 

wool absorbents (Ecophon, SE) placed in metal 

grids with 200mm space above. The Hybrid had 

two more doors adjacent to the window and one 

door beside the window (facing the corridor). Lead 

was incorporated in the walls of the Hybrid due to 

radiation from the CT. 

Measurement was performed with the Room-

Capture program. Evaluation was done in Room 

Capture and with manual calculation from exported 

data from the program. Room acoustic parameters 

were evaluated according to ISO 3382-2. 

Microphone: B & K 4006, Snr: 1498468. The 

acoustician reported Early Decay Time (EDT) in 

the same graph as reverberation time, considering 

that EDT correlates better with what we hear 

compared to the T20. 

 

 

3. Result 

Part 1: Room 9 (OR 9) and Hybrid. 

Sound absorbent ceiling of 40mm mineral wool 

The mean of the reverberation time in OR 9 is 0.7 

seconds but in the Hybrid it is 0.9 seconds (Figure 

1, 2). The T20 is expected to decrease slightly when 

all installations are in place. The curve in OR 9 is 

quite even and decreases with a start around 500Hz 

and it would most likely pass as it measures close 

to the set limit. Lowering the figures for low-

frequency sounds even more would be beneficial. 

There is a very uneven curve for the reverberation 

time in the Hybrid, which is strongly affected by 

the hard parallel surfaces that create so-called 

flutter-echoes. 

Overall, the measurement for the Hybrid would 

not be considered as approved according to SS 

25268 for Swedish conditions. There is a need for 
further intervention with sound absorbers. 
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Figure 1. Reverberation time, OR 9  

 

 

 Figure 2. Reverberation time, Hybrid  

 

 

C50 measures well for OR 9, the arithmetic mean 

between 125-8000Hz is 6dB (Figure 3). The aim 

for good speech intelligibility is generally 

considered 6dB or higher.  

 

 

Figure 3. Speech clarity, OR 9  

 

The arithmetic mean for C50 between 125-8000Hz 

is 4.8 dB in the Hybrid (Figure 4), which could 

influence the staff’s ability to properly hear oral 

instructions. The measurement is very unevenly 

distributed over the frequency spectrum with a 

clear drop at the important frequency range 1000 

Hz. Flutter echoes affects the measurement value 

negatively primarily in this frequency range. This 

adversely affects speech comprehension. However 

the C50 is expected to increase quite a bit when 

people are in the Hybrid as a "wall" of people 

works well to break the echoes. 

 

 

Figure 4. Speech clarity, Hybrid  

 

 

Part 2: Hybrid adjusted.  

Sound absorbent ceiling of 40mm mineral wool 

and Extra Bass™ 50mm 

The second part of our study consisted of a new 

measurement of reverberation time and speech 

clarity after adding on more absorption to the 

Hybrid room ceiling. 

Mineral wool Extra Bass™ 50mm (Ecophon, SE) of 

a total of 100m² was loosely placed above the 

ceiling in the soffit. Extra Bass™ is a low-

frequency absorber that makes speech clearer and 

thus increases listening comfort. It consists of a 

glass wool core which is encapsulated in a micro 

perforated plastic film. This enables easy placement 

on top of the ceiling tiles as it can be bent to fit in 

tight areas. 

The mean of the reverberation time between 250 

Hz and 4000 Hz in the Hybrid was after adding 

Extra Bass™ lowered from 0.9 to 0.6 seconds 

(Figure 5). 

The appearance of the curve is much more evenly 

distributed over the frequency spectrum and the 

high peak around 1000Hz has flattened out. This 

will in a very noticeable way improve the sound 

environment as perceived by the staff in the room.  

The measurement would be considered to be 

approved according to SS 25268. 
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Figure 5. RT before (blue) and after (red)           

 

The arithmetic mean for C50 between 125-8000Hz 

measures 5.6dB which is an improvement from 

4.8dB before (Figure 6). The aim for good speech 

intelligibility is generally considered 6dB or 

higher. 

However, the curve is still unevenly distributed 

with a clear dip at 1000Hz where a large part of 

the information-bearing consonant in the voice 

exists. This dip depends largely on the fact that 

there is a flutter echo in the space between the 

parallel walls. People and equipment will reduce 

these waves and in a crowded operating room the 

curve would probably be leveled out slightly. In 

order to have an impact on these flutter echoes in 

the room without people it would be advised to 

use sound absorbers mounted on the walls. 

 

 

  

Figure 6. C50 before (blue), after (red) 

 

4. Discussion 

Reverberation time is the measurement value used 

when inspecting an OR in the Swedish Standard 

25268. The T20 is evaluated between -5dB and -

25dB and the reverberation time is extrapolated 

from it. Reverberation time should be evaluated 

after completion of construction and measured in 

rooms furnished for the intended purpose. The 

reverberation time usually decreases when 

decoration and furniture is introduced into a room. 

The rooms were sparsely furnished during 

measurement as it was performed when not in use. 

During a surgical procedure large equipment might 

be brought into the room and delimiting screens is 

in use especially to separate anaesthetic staff from 

surgical staff. It affects the experience of the sound 

environment. 

The reverberation time is mainly influenced by the 

surface treatment of the room. A long reverberation 

time can be experienced with the room sounding 

sonorous or echoing, while a short reverberation 

time can be felt like the room sounds subdued. 

However, the measurement value does not always 

correlate with the experience of the sound. Early 

Decay Time often shows higher correlation with the 

experience. EDT evaluates the soundtrack from 

0dB to -10dB, which then better agrees with the 

sound we actually hear that the room is responding 

to. 

The reduction in reverberation time after adding 

extra absorption on top of the ceiling tiles shows a 

very positive outcome by a rather small adjustment. 

Extra Bass™ has primarily been used as an 

enhancer to speech clarity in classroom settings 

prior to this study. Reducing the reverberation time 

in an OR that doesn’t fulfil the standard would 

traditionally be solved with adding sound absorbers 

mounted on the walls. This was not the first priority 

as the modular building technique was used to 

reduce any after construction intervention on the 

walls. However should the extra absorption on top 

of the ceiling not have had the sought after effect 

this would have had to be the next step. 

Clarity is a measure of how the noise energy in 

space diminishes with time. The C50 evaluates the 

energy within the first 50ms and compares it with 

the sound remaining after 50ms. If the room 

contributes with early reflexes and then dies out 

quickly, you get a high C50 value. 

A high C50 is strongly related to speech 

intelligibility, this being our brain integrating the 

early reflexes and joining it with the direct sound, 

which makes us perceive the sound stronger and 

with better clarity. A high C50 is especially 

important in the frequency range 500-4000Hz 

where a large amount of information-bearing 

consonants in our voices are present. 

Clarity is primarily influenced by the design and 

layout of the room. It is also strongly affected by 

the proportion of reflective surfaces that are in 

direct proximity to the source of sound. By adding 

extra absorption on top of the ceiling speech 

clarity was affected in a positive way. Hearing 
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spoken consonants well is enhanced and this must 

be considered a great benefit as speech 

intelligibility is a problem in OR-settings. Medical 

errors are occurring due to difficult soundscapes 

with high sound pressure levels and long 

reverberation time in combination of numerous 

peaks of technical equipment alarms [3]. Staffs 

also express a difficulty to determine both 

direction and distance from the sound source [12]. 

Noise levels have steadily increased in hospital 

over the last >40 years as expressed in the 

introduction [1]. The noise level in operating 

rooms can be particularly difficult and affect the 

ability of to perceive proper oral instruction with 

delays in the procedure as a result and added 

openings of doors to collect requested material. 

Opening of doors is a large issue for air particle 

control and should be avoided unless absolutely 

necessary [13]. 

Sound peaks exceeding 100dB will distract any 

person in the room and it has an effect on the 

ability to keep focus and concentration. Working 

in an environment with a continuous high sound 

pressure level (SPL) is also tiring, stressful and 

detrimental for the well-being [14] and the average 

Leq of 62-65dB(A) is far exceeding the World 

Health Organisation limit of 35dB(A) [15]. 

Reducing the sound pressure level also affects the 

behaviour of people as people tend to set their 

voice level higher than other sounds in a room to 

be heard. This in turn increases the SPL in the 

room further, creating a snowball effect, also 

known as the Lombard effect [16]. 

 

5. Conclusion 

Acoustic measurements in the normal size rooms 

showed a T20 of 0.7seconds and in the Hybrid 0.9 

seconds after the initial intervention with absorbers. 

Average size OR has a great improvement in both 

reverberation time and speech clarity when 

replacing the modular metal ceiling with mineral 

wool absorbents class A, 40mm. Further 

improvement on intelligibility can probably be 

reach by using sound absorbing or/and diffusing 

tiles mounted on the wall to reduce late reflections 

of sound waves that are disturbing to perceive 

consonants.  

 

The Hybrid would not be approved even after 
the first intervention with absorbers as 
0.9seconds far exceed the limit. However 
replacing the original modular tiles with sound 
absorbing tiles resulted in large improvement 

from the original untreated hybrid room, 
calculated to approximately 2.2seconds using 
the Sabine formula. 
When adding extra absorbents, on top of the 
mineral wool ceiling, the standard will be met at 
0.6seconds. The curve flattens out quite 
remarkably on the frequency range 500-2000Hz 
which has positive influence on speech 
intelligibility as well as affecting the 
reverberation time in the room.  
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2017 at Sundsvall sjukhus, Lasarettsvägen 21, 856 
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