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ABSTRACT

Objective To assess the utility of a bespoke
smartphone app to map noise and vibration exposure
across neonatal road ambulance journeys.

Design and setting Prospective observational study of
ambulance journeys across a large UK neonatal transport
service. Smartphones, with an in-house developed app,
were secured to incubator trolleys to collect vibration and
noise data for comparison with international standards. A
case study exploring alternative routes between hospitals
was undertaken.

Results Over a 12-month period, the app was used to
collect data from 1487 interhospital journeys totalling
81925km. Noise positively correlated with increasing
vehicle speed. Noise exposure never fell below the
recommended 45dB(A) threshold for neonatal patients
and exceeded 70 dB(A) for more than 60% of the time.
During patient transfers, vibration would be classed as
uncomfortable for healthy adults for 68% of journeys.
Comparison of 111 journeys on two different routes
between the same hospitals demonstrated significantly
lower vibration exposure depending on the road type.
Safe levels of adult vibration exposure were exceeded on
19% of non-motorway and 3% of motorway journeys
between the two hospitals. Vibration and noise levels
were significantly higher on concrete compared with
asphalt road surface.

Conclusions It is feasible for neonatal teams to collect
detailed route, vibration and noise exposure data using

a calibrated smartphone and bespoke app. Collecting
large amounts of data and providing live measures to
teams could help quantify excessive exposures and guide
reduction strategies of these environmental stressors for
the benefit of babies, staff and equipment.

INTRODUCTION

Centralised neonatal intensive care has led to the
adoption of a policy of postnatal transport for
neonatal specialist care.' ? This is widespread across
the world and is predicated on transport being
acceptably safe for infants.> Multiple studies have
found increased rates and severity of intraventric-
ular haemorrhage in transported preterm infants
compared with non-transported*® and these
are associated with worse neurodevelopmental
outcomes.” ® Vibration and noise exposure have
been proposed as potential adverse factors contrib-
uting to these poorer outcomes,” and a recent
Delphi consensus has identified infants’ exposure
to these as a research priority.'® Small observational
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Preterm infant transport is associated with
increased rates of severe intraventricular
haemorrhage. Noise and vibration data
collection in the transport environment usually
requires additional specialist equipment and
personnel.

WHAT THIS STUDY ADDS

= A smartphone with a bespoke app allows large
amounts of route and exposure data to be
collected on the transport environment that
could be used to minimise adverse effects of
noise and vibration in high-risk infants.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Novel approaches to collecting large amounts
of transport data across different geographical
services could be used by transport teams to
improve routing decisions to maximise comfort
and outcomes for infants.

studies have measured these in the neonatal trans-
port environment but are restricted by requiring
specialist measuring devices, lack of consistent
methodology and complex analyses."'™*

Larger studies across multiple transport services
will be needed to understand the association
between poor neurological outcomes and transport
variables. These will require an easy to implement,
consistent and low-cost approach to measuring
vibration and noise exposure. This study aimed to
investigate whether a standard smartphone with
no additional sensors but with a custom-built app
could be used by transport team staff to collect
data during transport. The secondary aims were
to explore the effects of speed, alternative routes
and changes in road surfaces on noise and vibration
levels and to assess the utility of the data to support
approaches to reducing exposure to these.

METHODS

Setting

Data were collected between 24 October 2018
and 14 October 2019 on ambulance journeys by
CenTre Neonatal Transport, which covers an area
of 15811km* and an estimated population of
4.9 million in the East Midlands region of the UK."’
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At the time of this study CenTre operated out of bases at Leicester
Royal Infirmary and Nottingham City Hospital and used four
Fiat Ducato diesel ambulances and four identical neonatal incu-
bator trolleys made from welded tubular steel (ParAid Medical,
Solihull, UK) secured longitudinally in vehicles using standard
two-part floor locks (Ferno, Cleckheaton, UK).

Data sources

An app was developed for Android smartphones (Redmi V.5
Plus, Xiaomi, China) that logs sound amplitude, vibration, speed
and location data. The smartphones had a built-in accelerom-
eter sampling at up to 200Hz in front/back(x), side/side(y) and
up/down(z) axes. Audio amplitude data were sampled every 20
ms from the smartphone microphone using a built-in method
(‘getMaxAmplitude’). Noise data are presented as dB(A). It was
not possible to ascertain from the smartphone specification if a
dB(A) filter was applied to the noise inputs. However, we have
previously reported the smartphone demonstrated a strong linear
correlation (r*=1.00) with a laboratory microphone recording
in dB(A).'® No raw audio data were recorded.

Vibration and noise data were mapped to vehicle location and
correlated with speed using the global positioning system facility
in the smartphone sampled at a rate of 1Hz. Both the vibration
and noise data were calibrated and validated using comparator
devices and methods as previously described.'®

The smartphone was positioned on a horizontal surface on the
incubator trolley allowing easy attachment/detachment without
impeding clinical activity. Small magnets (N42 Magnets, Magnet
Expert, Tuxford, UK) were used to attach the smartphone to the
trolley and to secure up to accelerations of approximately 13 g.
The smartphone was aligned, so that the measurement axes of its
inbuilt accelerometer matched those of the ambulance.

The in-house developed app has a user-friendly interface
collecting a small number of data items including details of the
trolley and vehicle used, use of emergency driving (blue lights
and/or sirens activated) and whether a patient was onboard
during the journey. The clinical team placed the activated smart-
phone on the trolley before departing and were not required
to operate it again as data upload to a remote server occurred
automatically. Parental consent was not required as no measure-
ments were taken directly from transported infants, care was not
altered, and no identifiable patient data were collected.

Outcomes

There are no evidence or consensus-based guidelines for neonatal
transportation vibration and noise against, which data may be
benchmarked. Exposure to excess levels of vibration is associ-
ated with adverse health effects in healthy adults and in animal
studies.'” ® We used international standards for vibration expo-
sure in adults, which divide levels of vibration into six bands of
perceived comfort level from ‘not uncomfortable’ (<0.32m/s?)
to ‘extremely uncomfortable’ (>2m/s%)."”” The standard recom-
mends that action is taken to reduce exposure to vibration when
it exceeds 0.5 m/s” as this is associated with ill health in adults."
For noise exposure, the American Academy of Pediatrics recom-
mends neonatal unit noise levels are kept below 45 dB(A),* as
excessive noise can cause physiological instability and impact on
growth and development.?!**

Variables

It might be possible to reduce vibration and/or noise exposure
by optimising the route taken, and so a proof-of-concept route
comparison case study was undertaken. The two most common

journeys between two cities were selected as they offered a
choice of two main routes: (1) via the motorway to the west
or (2) via non-motorway roads to the east (online supplemental
figures 1 and 2). These two routes were compared with under-
stand the impact of routing choices on journey time and patient
exposure to noise and vibration.

To understand the impact of road surface on vibration and
noise exposure, we identified two distinct sections of an A-road
with different surfaces. The main A-road (A46) between the two
cities is a dual-carriage way with consistent maximum speed
(113 km/hour). It has two types of surface, brushed concrete with
expansion gaps spaced at approximately 40 m on the northern
section (7.95km long) and asphalt on the southern section
(8.05 km long, online supplemental figure 3). We compared the
two types of road surface for noise and vibration.

Analysis

Average vibration for each journey was obtained by computing
the root mean square (RMS) of unweighted vibration at all
frequencies in each axis weighted in accordance with ISO 2631-
1(19). Average noise was calculated by converting from dB(A) to
sound pressure level, computing the RMS, and then converting
back to dB(A). Data for the patient and non-patient legs of the
journeys were also compared.

Normality of the data was assessed using the Kolmogorov-
Smirnov test. Noise and vibration data were normally distrib-
uted and two-tailed t-tests were used with a significance level
set at p<0.05. Journey time and speed data were not normally
distributed, and Mann-Whitney U test was used. Spearman’s
rank correlation was used to assess the relationships between
increasing vehicle speed and noise/vibration.

RESULTS

All journeys
Data were recorded for 1487 journeys totalling 81925 km
travelled over 1331hours (table 1). The database of all
transfers comprised over 946 million data points.

Noise and vibration exposure were compared for jour-
neys with (n=654) and without (n=833) a patient onboard
(figure 1). The recommended noise threshold for neonatal

Table 1

Journey information

Summary of all journeys (n=1487)

n (%)

Reason for journey (UK-NTG category)

for uplift of level of care 321 (22%)

repatriation or capacity 333 (22%)

no patient onboard 833 (56%)
Emergency driving used 56 (4%)
Duration of journey (min)* 54 (10-222)
Distance of journey (km)* 55 (5-288)
Average speed of each journey (km/hour)* 15 (3-32)

0.42 (0.26-0.86)
72.4 (62.9-83.5)

Uplift transfers are infants transferred from a neonatal unit that does not offer the
level of care required. Repatriation transfers are return of an infant to a neonatal
unit closer to home. Capacity transfers are where the infant was born in an
appropriate unit but the unit lacks bed space and/or staff.® Emergency driving is
use of blue lights and/or sirens and was ascertained in the app by a yes/no question
after the transfer was completed.

*Mean (range).

UK-NTG, UK Neonatal Transport Group.

Average vibration (m/s?)*
Average noise (dB(A))*
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Figure 1 Ambulance journeys when a patient was on-board
compared with the non-patient leg of the journey. (A) Percentage of
journey time on each journey spent at each noise level and (B) each 1SO-
defined vibration comfort level (<0.315 m/s%: not uncomfortable; 0.315—
0.63m/s’ a little uncomfortable; 0.5-1 m/s fairly uncomfortable;
0.8-1.6 m/s%: uncomfortable; 1.25-2.5 m/s: very uncomfortable; >2 m/
s%: extremely uncomfortable)."

patients was exceeded throughout all transfers with no
periods under the desired 45 dB(A) limit (figure 1A). For
patient transfers, 61.2% of transfer time was spent with
noise values =70 dB(A).

The percentage of time in each of the vibration level bands
demonstrated that vibration levels exceeded the 0.5 m/s
occupational exposure threshold for action 15.2% of the
time during patient transfers and 22.4% of the time during
non-patient journeys (figure 1B). Overall, 67.9% of patient
transfers had average vibration exposure over the comfort-
able range for healthy adults.

Heat maps were generated to identify the relationships
between vehicle speed and amount of time spent in each
noise or vibration range. As vehicle speed increases, there is
an increase in the time spent at higher noise levels (figure 2A)
(Spearman’s rank correlation: r=0.39, p<0.001). There
was no statistical correlation with vibration and speed
(Spearman’s rank correlation: r=-0.02, p=NS). Vibra-
tion levels exceed the action threshold for adult workers
(0.5 m/s?) frequently at all normal driving speeds with vibra-
tion levels exceeding the adult exposure limit described as
uncomfortable or very uncomfortable (>1.25 m/s®) occur-
ring mostly at low speeds (figure 2B).

Route comparisons

Comparisons were made between journeys on the sections
of motorway (n=37) and non-motorway (n=74) for the
alternative routes between Nottingham and Leicester.
Median journey time was not significantly different between
motorway (58 min, IQR 52-61) and non-motorway (54 min,
IQR 47-62). Noise levels were also not significantly
different between routes. The mean noise level of motorway
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Figure 2 Heat maps for all transfers showing the relationships
between vehicle speed and amount of time spent in each speed/noise
bin (A) and speed/vibration bin (B).

route journeys was 73.5 dB(A) (95% CI 72.7 to 74.2) and
non-motorway-route journeys was 73.5 dB(A) (95% CI 73.0
to 73.9).

Mean vibration was significantly lower on the motorway
route (0.425 m/s%, 95% CI 0.412 to 0.439) compared with
the non-motorway route (0.442m/s>, 95% CI 0.442 to
0.468) (p<0.01, figure 3). Vibration exceeded adult action
threshold (0.5m/s?) for 19% of non-motorway journeys
compared with 3% of motorway journeys (p=0.019). Only
one journey, on the motorway route, had average vibration
below the 0.32 m/s* recommended level.

Road surface comparison

A total of 71 journeys were made on the same A-road between
the two cities. Median speed on the concrete section of road
was 99 km/hour (IQR 97-101) and on the asphalt section was
103 km/hour (IQR 101-105) (p=0.04). Mean noise levels were
significantly higher for the concrete section (77.8 dB(A), 95%
CI 77.76 to 77.83) compared with the asphalt section (76.1
dBA, 95%CI 76.05 to 76.14) (p<0.001). Vibration was also
significantly higher on the concrete section (0.452 m/s?, (95% CI
0.443 to 0.461) compared with the asphalt section (0.398 m/s?,
(95%CI 0.392 to 0.404) (p<0.001).

DISCUSSION
We have demonstrated the feasibility of using inexpensive, off-
the-shelf smartphones to collect large amounts of noise and
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Figure 3  Violin plot of average vibration exposure on two routes,
one on the motorway (n=37) and the second on non-motorway roads
(n=74), between two neonatal centres in Nottingham and Leicester.
Green zone runs up to the upper limit of vibration described as
comfortable for adults (0.32m/s?), the red zone starts at the lower limit
of the legally enforceable vibration exposure allowed for adult workers
(0.5m/s?)." **p<0.01.

vibration data during ambulance transfer. This study demon-
strates that high levels of noise and vibration are experienced
routinely during ambulance transport and that crucially, these
are modifiable with alterations to speed and route. It is unclear
if the adverse outcomes associated with neonatal transfer are
caused in part by exposure to high levels of noise and vibration
due to a lack of large population-based studies linked with these
measures. Our approach demonstrates the ability to collect these
measures at scale, which could link with patient outcomes.

Noise exposure

In keeping with other studies over the last 30 years, we have
shown that noise exposure during neonatal transport remains
high.” 11 142528 Average levels over 70 dB(A) are present for over
60% of journeys, exceeding reported noise levels in neonatal
units.”*?* Noise of this intensity has been shown to have
adverse effects on infants including transient cardiorespiratory
changes and pain behaviours.”! Up to 10% of preterm infants
have hearing impairment, far higher than the estimated 0.1%
of the general population.”” Neonatal hearing loss is multifac-
torial and it is unclear what is the role of excessive noise over
prolonged periods as observed in this study. In our case study of
road surfaces, we found a reduction in sound levels on asphalt
compared with concrete, supporting the hypothesis that route

guidance could help reduce the infant’s exposure to excessive
sound. A recent mannequin study has suggested potential benefit
from active noise cancellation.””

Vibration exposure

Vibration levels exceeding occupational standards for adults
are common at all speeds during neonatal ambulance jour-
neys.'? 132630 In this study, the measured vibration levels at speeds
>20km/hour frequently exceeded the 0.32 m/s* maximum occu-
pational exposure level."”

The comparison of patient/non-patient journeys shows that
driving behaviour is beneficially modified when a patient is
present, suggesting that driver behaviour is modifiable. Provision
of live in-transit data on ride quality may help optimise comfort
for all occupants.’! Reducing vibration of equipment and the
ambulance could extend their lifespan or reduce breakdowns.

Optimal routing

We have shown that it is possible to add information on impact
of route choices on the environment of the patient and this
approach is both inexpensive and scalable, allowing it to be
adopted by other transport teams. In the example given, one
route was superior for vibration and noise at the cost of a 4 min
prolongation of the journey, a time addition unlikely to be of
clinical significance. Data could inform route choice and allow
driving adaptations to improve comfort. Minimising vibration
could also help prevent adverse events to the patient,®* ** for
example, in extremely preterm ventilated infants, the movement
of their endotracheal tube by a few millimetres could result
in suboptimal positioning or dislodgement and so become a
medical emergency.

The app produces a postjourney summary that can be shared
with the team who undertook the transfer, summarising vibra-
tion and noise data overlaid on the route map (online supple-
mental figure 4). It is possible that provision of automated rapid
feedback after every journey will promote positive route choices
or driving behaviours.

The absolute reductions seen in vibration and noise with
route optimisation are relatively small but may be cumulatively
important in improving patient comfort and reducing the risks
of transport. This is the first study to offer patient-focused anal-
ysis of route choices and suggests possibilities for further inves-
tigation in this area.

Limitations

The main limitation of this study is that the smartphone is
mounted on the trolley, so will not completely reflect the infant’s
environment. There are data that suggest that vibration is 2—4
times higher at the infant head than at the trolley."* Noise expe-
rienced by the infant may also be different from that measured
at the trolley. Equipment inside the incubator, such as gas flow
through breathing circuits, may add noise and external noise
may be modified by the incubator enclosure. We did not account
for noise attenuation approaches such as ear defenders, which
may help reduce levels. The smartphone noise measurement
capability is limited at levels >90dB(A), so peaks may be under-
estimated. Only one model of transport incubator trolley and
road ambulance were studied and there may be differences with
other equipment configurations and vehicles.

Any vibration or noise differences due to emergency driving
could not be elicited from the data. Lights and sirens may be
used briefly or intermittently during a journey and the app did
not allow these episodes to be isolated.
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Only one model of smartphone was used in this study and
the data obtained were validated in laboratory conditions.'® It
cannot be assumed that other models of smartphone are equally
accurate or sample at the same rates.

The majority of UK neonatal transports are by road ambu-
lance with very few by air.** Journeys by air will have different
vibration and noise characteristics from ground journeys.'' 2

The absence of evidence-based standards for neonatal noise
and vibration exposure imposes limitations on the interpretation
of the results. It remains unclear whether the associated adverse
outcomes for transported infants are caused, at least in part, by
noise and vibration exposure during transport. Further work
is needed to provide a detailed understanding of pre and post-
transport condition of infants and to match this with reliable
detailed data about the transport environment.

This study has not considered the effects of vibration exposure
on the staff of transport services. Many UK transport services
have staff who work wholly for transport and who have as yet
unmeasured occupational exposure risks.

CONCLUSION

We have shown that a smartphone with a bespoke app was easily
adopted by clinical teams and may be used to collect reliable
and detailed noise and vibration data on neonatal interhospital
journeys. The data have been used to show sample compar-
isons between routes, road surface type and driving styles, all
of which may be factors that could be further investigated for
their potential to improve safety and comfort for transported
infants and the teams caring for them. This novel approach is
inexpensive, scalable and offers an opportunity to expand to
include other transport services, transport modes and ultimately
develop evidence-based standards and outcome measures aimed
at improving transport safety.

X Aarti Mistry @AartiMistry5, Rosalind B Simpson @rozziesimpson and Don Sharkey
@DrDonSharkey

Acknowledgements The authors thank all of the staff at CenTre Neonatal
Transport for their enthusiastic participation in the collection of data. The authors
would also like to thank Prof Michael Akeroyd and Jennifer Firth (University of
Nottingham, School of Medicine) for their assistance in the calibration of noise data.

Contributors TP developed the app and contributed to study design, data
analysis and draft of manuscript. AL advised on app development, led smartphone
deployment and coordinated the writing of the paper. AM reviewed and helped
redraft the paper. RBS contributed to data analysis and helped redraft the paper.
DEM directed the development of the phone application and database and assisted
with data processing and the methods employed. DMcN developed the app and
contributed to study design, data analysis and draft of manuscript. JC helped define
the app requirements regarding what data was collected, sampling rates, the
resolution used and contributed to discussions on data processing and visualisation.
DS developed the concept and contributed to study design, data analysis and draft
of manuscript. DS is the guarantor.

Funding This work was supported by the Engineering and Physical Sciences
Research Council (grant number 1788303). TP was funded and supported by Jaguar
Land Rover Limited—aResearch Engineering (project number JLR6657). This study is
funded by the National Institute for Health Research (NIHR) Invention for Innovation
Programme (II-LA-0715-20003). The views expressed are those of the authors and
not necessarily those of Jaguar Land Rover, the NIHR or the Department of Health
and Social Care.

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographic or locational reference, does not imply the
expression of any opinion whatsoever on the part of BMJ concerning the legal status
of any country, territory, jurisdiction or area or of its authorities. Any such expression
remains solely that of the relevant source and is not endorsed by BMJ. Maps are
provided without any warranty of any kind, either express or implied.

Competing interests None declared.
Patient consent for publication Not applicable.
Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer-reviewed.

Data availability statement Data are available upon reasonable request. The
datasets generated and analysed during the current study are available from the
corresponding author on reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Andrew Leslie http://orcid.org/0009-0001-1663-2059
Aarti Mistry http://orcid.org/0000-0003-0338-1833
Rosalind B Simpson http://orcid.org/0000-0002-6663-6541
David E Morris http://orcid.org/0000-0001-9813-0767
Don Sharkey http://orcid.org/0000-0002-4989-8697

REFERENCES

1 Fenton AG, Leslie A. The state of neonatal transport services in the UK. Arch Dis Child
Fetal Neonatal Ed 2012;97:FA77-81.

2 Millan Garcia Del Real N, Sanchez Garcia L, Ballesteros Diez Y, et al. Importance of
specialized paediatric and neonatal transport. Current situation in Spain: Towards a
more equitable and universal future. An Pediatr (Engl Ed) 2021;95.

3 Shipley L, Hyliger G, Sharkey D. Temporal trends of in utero and early postnatal
transfer of extremely preterm infants between 2011 and 2016: a UK population
study. Arch Dis Child Fetal Neonatal Ed 2022;107:201-5.

4 Mohamed MA, Aly H. Transport of premature infants is associated with increased risk
for intraventricular haemorrhage. Arch Dis Child Fetal Neonatal Ed 2010;95:F403—7.

5 Shipley L, Gyorkos T, Dorling J, et al. Risk of Severe Intraventricular Hemorrhage in the
First Week of Life in Preterm Infants Transported Before 72 Hours of Age. Pedliatr Crit
Care Med 2019;20:638—-44.

6 Helenius K, Longford N, Lehtonen L, et al. Association of early postnatal transfer and
birth outside a tertiary hospital with mortality and severe brain injury in extremely
preterm infants: observational cohort study with propensity score matching. BM/J
2019;367:15678.

7 Amer R, Moddemann D, Seshia M, et a/. Neurodevelopmental Outcomes of Infants
Born at <29 Weeks of Gestation Admitted to Canadian Neonatal Intensive Care Units
Based on Location of Birth. J Pediatr 2018;196:31-7.

8 Gupta N, Shipley L, Goel N, et a/. Neurocritical care of high-risk infants during inter-
hospital transport. Acta Paediatr 2019;108:1965-71.

9 BaileyV, Szyld E, Cagle K, et al. Modern Neonatal Transport: Sound and Vibration
Levels and Their Impact on Physiological Stability. Am J Perinatol 2019;36:352-9.

10 Mistry A, Leslie A, Ojha S, et al. Identifying neonatal transport research
priorities: a modified Delphi consensus. Arch Dis Child fetal Neonatal Ed
2024.:fetalneonatal-2024-327213.

11 Karlsson B-M, Lindkvist M, Lindkvist M, et a/. Sound and vibration: effects on
infants’ heart rate and heart rate variability during neonatal transport. Acta Paediatr
2012;101:148-54.

12 Blaxter L, Yeo M, McNally D, et al. Neonatal head and torso vibration exposure during
inter-hospital transfer. Proc Inst Mech Eng H 2017;231:99-113.

13 Campbell AN, Lightstone AD, Smith JM, et a/. Mechanical vibration and sound levels
experienced in neonatal transport. Am J Dis Child 1984;138:967-70.

14 Buckland L, Austin N, Jackson A, et a/. Excessive exposure of sick neonates to sound
during transport. Arch Dis Child Fetal Neonatal Ed 2003;88:F513-6.

15 Park N. Estimates of the population for the UK, England, Wales, Scotland and
Northern Ireland, mid-2021 edition. In: Statistics OfN. 2022.

16 Partridge T, Gherman L, Morris D, et al. Smartphone monitoring of in-ambulance
vibration and noise. Proc Inst Mech Eng H 2021;235:428-36.

7 Cochrane DJ, Sartor F, Winwood K, et al. A Comparison of the Physiologic Effects
of Acute Whole-Body Vibration Exercise in Young and Older People. Arch Phys Med
Rehabil 2008;89:815-21.

18 Matloub HS, Yan J-G, Kolachalam RB, et a/. Neuropathological changes in vibration
injury: An experimental study. Microsurgery 2005;25:71-5.

19 International Organization for Standardization. ISO 2631-1: mechanical vibration and
shock — evaluation of human exposure to whole-body vibration — part 1: general
requirements. 1997.

Partridge T, et al. Arch Dis Child Fetal Neonatal £d 2025;0:F1-F6. doi:10.1136/archdischild-2024-327758 F5

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
"1senb Aq Ggoz ‘2z Arenuer uo jwod fwg-uyy/:diy wouy pepeojumoq "Ggoz Arenuer 9 Uo 85/ /ZE-7202-PIIYdSIPY24e/9eTT 0T Se paysiignd 1sJ1} :p3 [eleuoaN [e1ad pl1yd sid youy


https://x.com/AartiMistry5
https://x.com/rozziesimpson
https://x.com/DrDonSharkey
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0009-0001-1663-2059
http://orcid.org/0000-0003-0338-1833
http://orcid.org/0000-0002-6663-6541
http://orcid.org/0000-0001-9813-0767
http://orcid.org/0000-0002-4989-8697
http://dx.doi.org/10.1136/archdischild-2011-300573
http://dx.doi.org/10.1136/archdischild-2011-300573
http://dx.doi.org/10.1016/j.anpedi.2021.06.011
http://dx.doi.org/10.1136/archdischild-2021-322195
http://dx.doi.org/10.1136/adc.2010.183236
http://dx.doi.org/10.1097/PCC.0000000000001937
http://dx.doi.org/10.1097/PCC.0000000000001937
http://dx.doi.org/10.1136/bmj.l5678
http://dx.doi.org/10.1016/j.jpeds.2017.11.038
http://dx.doi.org/10.1111/apa.14940
http://dx.doi.org/10.1055/s-0038-1668171
http://dx.doi.org/10.1136/archdischild-2024-327213
http://dx.doi.org/10.1111/j.1651-2227.2011.02472.x
http://dx.doi.org/10.1177/0954411916680235
http://dx.doi.org/10.1001/archpedi.1984.02140480069021
http://dx.doi.org/10.1136/fn.88.6.f513
http://dx.doi.org/10.1177/0954411920985994
http://dx.doi.org/10.1016/j.apmr.2007.09.055
http://dx.doi.org/10.1016/j.apmr.2007.09.055
http://dx.doi.org/10.1002/micr.20081
http://fn.bmj.com/

Original research

20 AAoPCoE H. Noise: A Hazard for the Fetus and Newborn. Pediiatrics 1997;100:724~7. 29 Almadhoob A, Ohlsson A. n.d. Sound reduction management in the neonatal intensive
21 Wachman EM, Lahav A. The effects of noise on preterm infants in the NICU. Arch Dis care unit for preterm or very low birth weight infants. Cochrane Database Systematic
Child Fetal Neonatal Ed 2011;96:F305-9. Reviews2020.
22 Aita M, Robins S, Charbonneau L, et al. Comparing light and noise levels before and 30 Goswami |, Redpath S, Langlois RG, et al. Whole-body vibration in neonatal transport:
after a NICU change of design. J Perinatol 2021;41:2235-43. a review of current knowledge and future research challenges. Early Hum Dev
23 Wang D, Aubertin C, Barrowman N, et al. Examining the effects of a targeted noise 2020;146:105051.
reduc.nor.] program in a neonatal intensive care unit. Arch Dis Child fetal Neonatal Ed 31 SattarS, Li S, Chapman M. Developing a near real-time road surface anomaly
2014;99:F203-8. ) ) L ) detection approach for road surface monitoring. Measurement (Lond)
24 Reuter C, Bartha-Doering L, Czedik-Eysenberg |, et a/. Living in a box: Understanding 1.
. . : . 2021;185:109990.
acoustic parameters in the NICU environment. Front Pediatr 2023;11:1147226. , .
! ; Lo . 32 Delacrétaz R, Fischer Fumeaux CJ, Stadelmann C, et al. Adverse Events and
25 Prehn J, McEwen |, Jeffries L, et al. Decreasing sound and vibration during ground ) . ) .
: . . . . ot Associated Factors During Intrahospital Transport of Newborn Infants. J Pediatr
transport of infants with very low birth weight. / Perinatol 2015;35:110-4. 2022-240:44-50
26 Bouchut J-C, Van Lancker E, Chritin V, et al. Physical stressors during neonatal PETNTIY )
transport: helicopter compared with ground ambulance. Air Med J 2011;30:134-9. 33 Gray MM, RllleyT, Greene NDj eta/" Neon‘atal Transport Safety Metrics and Adverse
27 Aminudin N, Franta J, Bowden A, et al. Noise exposure exceeded safe limits during Event Reporting: A Systematic Review. Air Med J 2023;42:283-95.
neonatal care and road transport but was reduced by active noise cancelling. Acta 34 British Association of Perinatal Medicine. NTG dataset: bapm. 2023. Available: https:/
Paediatr 2023;112:2060-5. www.bapm.org/pages/ntg-dataset
28 Simpson RB, Harvey D, Leslie A, et al. Noise on NICU and during neonatal inter- 35 Leslie A, Harrison C, Jackson A, et al. Tracking national neonatal transport activity
hospital transport: Further interpretation of the acoustic findings. Acta Paediatr and metrics using the UK Neonatal Transport Group dataset 2012-2021: a narrative
2024;113:1115-6. review. Arch Dis Child Fetal Neonatal Ed 2024;109:460-6.
F6 Partridge T, et al. Arch Dis Child Fetal Neonatal £d 2025;0:F1—F6. doi:10.1136/archdischild-2024-327758

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
"1senb Aq Ggoz ‘2z Arenuer uo jwod fwg-uyy/:diy wouy pepeojumoq "Ggoz Arenuer 9 Uo 85/ /ZE-7202-PIIYdSIPY24e/9eTT 0T Se paysiignd 1sJ1} :p3 [eleuoaN [e1ad pl1yd sid youy


http://dx.doi.org/10.1542/peds.100.4.724
http://dx.doi.org/10.1136/adc.2009.182014
http://dx.doi.org/10.1136/adc.2009.182014
http://dx.doi.org/10.1038/s41372-021-01007-8
http://dx.doi.org/10.1136/archdischild-2013-304928
http://dx.doi.org/10.3389/fped.2023.1147226
http://dx.doi.org/10.1038/jp.2014.172
http://dx.doi.org/10.1016/j.amj.2010.11.001
http://dx.doi.org/10.1111/apa.16900
http://dx.doi.org/10.1111/apa.16900
http://dx.doi.org/10.1111/apa.17131
http://dx.doi.org/10.1002/14651858.CD010333.pub3
http://dx.doi.org/10.1002/14651858.CD010333.pub3
http://dx.doi.org/10.1016/j.earlhumdev.2020.105051
http://dx.doi.org/10.1016/j.measurement.2021.109990
http://dx.doi.org/10.1016/j.jpeds.2021.08.074
http://dx.doi.org/10.1016/j.amj.2023.05.001
https://www.bapm.org/pages/ntg-dataset
https://www.bapm.org/pages/ntg-dataset
http://dx.doi.org/10.1136/archdischild-2023-325532
http://fn.bmj.com/

	Using a novel smartphone app to track noise and vibration exposure during neonatal ambulance transport
	Abstract
	Introduction﻿﻿
	Methods
	Setting
	Data sources
	Outcomes
	Variables
	Analysis

	Results
	All journeys
	Route comparisons
	Road surface comparison

	Discussion
	Noise exposure
	Vibration exposure
	Optimal routing
	Limitations

	Conclusion
	References


