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eAppendix 1. Search Strategy 

 
Search Strategy in Pubmed 

The search was run in April 2019 and re-run in October 2019 by two authors independently. We 
did not limit our search dates. The decision to include or exclude an article followed the article 
eligibility criteria specified in the ‘Methods’ section and was resolved in discussion if necessary.  
 
Postural control and sound (limit humans)  
postural[All Fields] AND ("prevention and control"[Subheading] OR ("prevention"[All Fields] 
AND "control"[All Fields]) OR "prevention and control"[All Fields] OR "control"[All Fields] 
OR "control groups"[MeSH Terms] OR ("control"[All Fields] AND "groups"[All Fields]) OR 
"control groups"[All Fields]) AND ("sound"[MeSH Terms] OR "sound"[All Fields])) AND 
"humans"[MeSH Terms] 
 
 
Postural control and auditory (limit humans)  
Postural[All Fields] AND ("prevention and control"[Subheading] OR ("prevention"[All Fields] 
AND "control"[All Fields]) OR "prevention and control"[All Fields] OR "control"[All Fields] 
OR "control groups"[MeSH Terms] OR ("control"[All Fields] AND "groups"[All Fields]) OR 
"control groups"[All Fields]) AND auditory[All Fields]) AND "humans"[MeSH Terms] 
 

 
Search Strategy in the Cochrane Library of Systematic Reviews 

Postural control AND sound (no limit) 
Postural control AND auditory (no limit) 
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eAppendix 2. Acoustics Parameters and Sound Paradigms 
 

Acoustic Parameters  

Sound wave: Sound is a mechanical disturbance (variation of pressure) in an elastic medium, such 

as air. When the source vibrates the medium, the vibrations propagate away from the source at 

the speed of sound (typically 340 m/s), thus forming the sound wave. Sound waves reaching the 

ear create the sensation of hearing in the human auditory system.  

Frequency of sound: The frequency of sound waves determines the rate of the vibrations in the 

eardrum. It is measured in cycles per second (Hz). The higher the frequency, the higher the pitch 

of the sound. The frequency spectrum of sound describes the level of each frequency within the 

audible range (from 20 Hz to 20 kHz).  

Note that the term ‘frequency’ is being used for other purposes, such as: describing how often a 

moving sound travels a certain path1, or how often a beat is repeated2. 

Sound Pressure Level (SPL): An objective measure of the intensity of sound defined as a 

logarithmic measure of the effective pressure of a sound relative to the reference value (threshold 

of human hearing)3. 

Loudness: A subjective perception of Sound Pressure Level, which may be affected by physical, 

physiological, and psychological factors.4–6 

 

Material 

Sound stimuli used in the studies can be divided into generated sounds: sine tones (pure 

tones)1,2,4,7,8) and broadband noise (white noise9–15 or pink16,17); and pre-recorded sounds18.  

Sine Tone (Pure Tone): The elementary component of any complex sound, it is a sinusoidal 

waveform which contains one frequency. Any complex sound can be decomposed into sine tones. 
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White Noise: A sound that combines all audible frequencies with equal intensities. 

Pink Noise: A sound that combines all audible frequencies, however, unlike white noise, the 

intensity of pink noise decreases as the frequency increases. This mimics the way our auditory 

system perceives sounds. 

Pre-recorded sounds: Sounds that occur in natural environment and that have been captured with 

recording equipment. These include sounds of objects where the microphone is capturing only one 

source, (e.g., a fountain, speech, car), and environmental sounds where microphone(s) are 

capturing the ambience which contains more than one sound source at the time, (e.g. ambience of 

the park). Cocktail party sounds and background conversation are. The difference is that the energy 

in different frequency ranges is not distributed equally and it delivers meaningful content (even if 

we do not understand the words it gives information about the environment). 

 

Spaciousness  

Mono: One channel audio. 

Stereo: Two channel audio which allows to position the sound source between left and right on 

speakers or headphones. 

3D Audio: 3D audio technology allows the positioning of a sound in any direction around the 

listener (up-down, front-back, near-far). With appropriate processing, 3D audio can be played back 

through headphones, two speakers or multiple loudspeakers. 

Spatial auditory cues: The human auditory system is able to identify the position of the sound 

based on spatial auditory cues. The primary location cues are Interaural Time Difference  (ITD) - 

the difference between time arrival of a sound between the two ears,  and Interaural Intensity 

Difference (IID) - the difference between intensity of a sound between the two ears19. IIDs and 
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ITDs are used to detect the position of sound on the horizontal plane. To discriminate sound 

front/back and up/down humans use spectral cues that are a result of sound reflecting off the torso, 

shoulders and pinnae. 

Head Related Transfer Function (HRTF): HRTF is a collection of IID, ITD and spectral coloration 

and fully characterizes the location of the sound source. Due to the unique physical attributes of 

every person, HRTFs are listener specific (similar to a fingerprint)20. 

Binaural:  Binaural audio is a two channel signal that contains the spatial cues (HRTFs) needed 

to localize the source21,22. 

Ambisonics12,16,23: Ambisonics technology enables the capture and reproduction of a sound field 

around the listener. Ambisonics can be played back on 4 or more speakers or via headphones and 

can reproduce the sound of a natural environment. 

 

Apparatus 

The audio devices employed in the studies typically had one of two main purposes: create silence 

by reducing background noise or playback different kinds of audio stimuli to the subjects. 

Attenuation: To attenuate background or generated sound, different types of ear plugs9,16,24, ear 

defenders25,26 and noise-cancelling headphones24 were used. The devices varied in the level of 

overall sound attenuation, ranging between -15 to -35dB. Ear plugs are typically made from soft 

foam and are inserted into the entrance of the ear canal to block incoming sound. Ear defenders 

(earmuffs) usually use large cups lined with soundproofing material which cover the pinnae. Noise 

cancelling headphones employ active noise control where a built-in microphone measures the 

background sound and generates a signal which is an exact replication of incoming sound but in 

negative phase which results in the cancellation of the signal.  
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Audio playback: Audio stimuli were delivered through headphones or speakers.  

Headphones included in the studies:  

 Circumaural (cover the entire outer ear):5,15,21 Circumaural headphones may be closed-back -

- provide mechanical attenuation of the background sounds4,12,13,22 --or open-back, where 

background sound is largely getting through. 

 Ear buds, earphones placed inside the pinnae in front of the ear canal2,8 

 Headphones with noise-cancelling in addition to the sounds played24 

Speakers setup included in the studies: 

 1 speaker behind16,17,27 or in front9,11,28 of the subject 

 2 speakers on each side6,28,29 of the subject 

 4 speakers front, back and sides1,7,10,30  

 3 or 10 speakers in various positions18 

 8 speakers in a semicircular horizontal array/ arc of in front of the subject9 

 53 speakers in a semicircular vertical arc positioned front to back above the subject31; 

1614 or 4218 speakers covering a full sphere around the subject used for audio stimuli in an 

ambisonic format. 

The main difference between headphone and speaker playback is that when playing on speakers, 

natural auditory spatial cues (ITD, IID, changes in spectrum) can be utilized to determine the 

position of the sound source thus giving the auditory anchor. When playing on headphones, spatial 

cues have to be added artificially through sound processing (binaural sound)20. In case of mono 

stimuli, no spatial cues are provided  
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Sound Paradigms and Movement of Sound 

Most sound paradigms employed can be divided into: sound attenuation24–26,32, stationary 

sound7,8,11–13,16–18,25,28, and moving sound.1,9,18,21,22,30,31  

Sound Attenuation: Silence or reduction of background noise in the room or generated noise via 

headphones or speakers.  

Stationary Sound: Sound stimuli which do not move or modulate during the experiment trial, 

also referred to as ‘static sound’. Variations include broadband noise, sine tones and 

environmental sounds.  

Moving Sound: Sound stimuli moving between speakers or from one side of headphones to the 

other. Variations include: Front to back or left to right, movement on 180-degree arc of speakers 

positioned horizontally or verticall, rotating clockwise or counterclockwise around the subject 

presented on speakers or headphones using binaural rendering.  

Other paradigms included:2,4–6,15,29 

- Frequencies of sine tone on postural sway: For example: 225, 1000, and 4000 Hz5 or 1000, 

2000, 3000 and 4000 Hz.4   

- Frequency of the signal pulse / beat: (rhythmic sound repetition) Coste et al. tested whether 

individual “sway with the beat” at different frequencies of that beat (i.e., 0.25, 0.5, 1 Hz).2 

Mainenti et al. studied pulse and bursts at 7 Hz repetition rate projected on one side of 

headphones.8  

- Intensity: influence of the intensity of sound stimuli on postural sway (SPL and or 

loudness).4–6,15 
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- Pleasant/unpleasant sounds: Chen and Qu investigated the response to three categories of 

sound effects: pleasant, neutral, and unpleasant using Affective auditory stimuli from the 

International Effective Digitized Sounds (IADS).29 
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eAppendix 3. Balance Paradigms and Outcome Measures 
 
 
Standing Balance paradigms: Two studies used Computerized Dynamic Posturography10,22 

where a force platform quantifies participants’ postural sway in response to sensory manipulations. 

The first 3 conditions are on a stable surface with changing visual conditions: eyes open, eyes 

closed, sway-referenced visual movement. These conditions are then repeated with a sway-

referenced platform designed to reduce somatosensory input.33,34 To test the role of auditory cues, 

silence was compared to rotating cocktail party noise22, or stationary white noise.10 Others have 

tested participants balance in standing on floor or foam with eyes open or closed, also known as 

the Modified Clinical Test of Sensory Interaction in Balance Paradigm.9,16,18,32 The foam is a 

simple clinical method of reducing somatosensory input. Some studies utilized a ‘Tandem stance’ 

(standing heel to toe11,28) or ‘Tandem Romberg Stance’ (standing feet together14) to increase the 

balance challenge by reducing subjects base of support. Others used a staggered stance24 or did 

not specify the stance.31 Finally, the majority of the studies had the participants standing with eyes 

closed, blindfolded14,18 or in darkness.31  

Balance outcomes: Studies utilized traditional measures of postural sway via center-of-pressure 

(COP) oscillations such as, the confidence ellipse surface containing 90%22 or 95%14,18 of all COP 

positions (mm2), sway velocity (cm/s)14,18,27, mean amplitude of shift of COP in the anterior-

posterior and medio-lateral planes31 or root mean square of the COP position.10 Others have 

quantified sway via center of mass displacement25 or mean head sway in mm.11 These measures 

reflect postural stability (i.e., the ability to resist perturbations) and postural steadiness (i.e., the 

ability to stand as motionless as possible) as indications of balance control.  
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