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Abstract

:

Neonatal wards are often subject to excessive noise pollution. Noise pollution encompasses two concepts, noise and vibration; their main difference being that a noise is heard and a vibration is felt in the body. The latter is what can be transmitted within the incubators of neonatal inpatients. This fact needs to be explored in depth. This work shows the results of the diagnosis of vibrations transmitted within the incubators that could affect neonates admitted to the neonatal unit of the Francesc de Borja University Hospital (Gandía, Spain). For this purpose, the vibrations reaching the neonate head resting area were recorded, taking into account different points, scenarios, days, and time slots. It could be observed that due to the incubator’s motor position, the levels obtained in some scenarios measured in this study exceeded the regulation-specified levels. The conclusion is that the greatest influence on vibrations is the incubator’s own motor, with other possible sources of vibrations, such as the room’s air conditioning, having less influence. Further studies are needed to determine whether this vibration is harmful or beneficial to the neonate.
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1. Introduction


The concern for care quality in neonatology has been a long-standing concern of many pediatric associations [1]. The study of noise levels in neonatal intensive care units (NICU) is a topic of concern to the pediatric society and has therefore been extensively studied [2,3,4,5,6,7,8,9,10,11,12,13,14,15,16]. These studies show that there is an excessive level of noise in many cases. In these studies, the aim is to find not only the diagnosis of noise in the room but also different solutions for this excessive noise, which according to the World Health Organization (WHO), in some cases, can be considered noise pollution. There are also some studies on noise levels in pediatric neonatal units (NU) [17,18], which are much more numerous than NICUs. All the works referenced above are examples of many studies on what is known as noise. In reality, however, what is being evaluated—from an acoustic engineering standpoint—is the sound pressure level or airborne noise.



Environmental Commissioners from EU member states [19] define noise pollution as “the vibration or noise environment, whatever their acoustic source, which causes annoyance, risk or damage to people, their activities or property of any kind, or which causes significant effects on the environment.” With this definition, it is clear that noise pollution encompasses these two concepts, noise and vibration. The main difference is that a noise is heard and a vibration is felt in the body. The frequency spectra of each are well-defined. We can define airborne noise (which is heard) as the propagation of sound traveling from 20 Hz to 20,000 Hz. Vibration can only be produced by solids. Its perception is studied in the frequency range from 20 Hz to 80 Hz, as this range has the greatest effect on health [20].



It is almost impossible for anyone to avoid exposure to vibration in today’s world. The harmful effects of vibrations and their effect on humans have been researched and documented worldwide. Exposure can lead to large variations between subjects with regard to biological effects. Very often, it is the lumbar spine and the connected nervous system which can be affected by exposure. Other studies have highlighted the neck-shoulder, gastrointestinal system, female reproductive organs, peripheral veins, and the cochleo-vestibular system [21,22,23]. The effects are complex and depend at least on the amplitude, direction, frequency, duration of the vibration, and to which part of the body it is directed.



Most of these studies deal with workers exposed to long periods of vibration both from the machinery at work and from the transport used, and all have concluded that due to exposure, they can experience loss of balance, fatigue, reduced comfort, loss of concentration and even health risks, with the possibility of damaging some organs when exposed to certain frequencies or amplitudes. However, when it comes to the effects of vibrations on a neonate, there is still a great deal of research to be completed.



As aforementioned, some of the studies have focused on the study of noise in NICUs or NUs, but all these works focus on the assessment of airborne noise, with the evaluation of sound propagation between the frequencies of 100 Hz up to 5000 Hz. If we wish to know the vibrations found in pediatric environments, there is very little information available, as this type of study is focused on the detection of vibrations in buildings or workplaces [24,25].



As far as studies on vibrations in the human body are concerned, there are works on the study of vibrations during pregnancy [21], but much work remains to be completed, especially in neonatal patients, where a few studies have focused on the level of vibrations received during neonatal patient transport, both on land (ambulance) and by air (helicopter) [26,27,28,29,30] and this phenomenon as a cause of morbidity [26,29,31], but very little is known about the vibrations to which neonates are exposed during hospitalization [32].



The International Standard ISO 2631-2: 2003 [20] warns that the human response to vibration is very complex. On health damage caused by vibration, it adds that “biodynamic research studies as well as epidemiology have shown evidence of an elevated risk of health impairment due to prolonged exposure to high intensity whole-body vibration”. However, it also cites “there is not enough information to show a quantitative relationship between exposure to whole-body vibration in terms of probability of risk at various magnitudes and durations of exposure.” Spanish regulations on occupational diseases, the Royal Decree [33] which approves the list of occupational diseases in the Social Security System, mentions—among other diseases resulting from exposure to vibration—“Osteoarticular or neurovascular diseases caused by mechanical vibrations” or “dorsolumbar spine disorders caused by repetitive whole-body vibrations”. It is also known that being exposed to whole-body vibration generates acute health effects such as discomfort, interference with activities, alterations of physiological functions, neuromuscular, cardiovascular, endocrine and metabolic disturbances, and/or sensory disturbances of the central nervous system.



The equipment typically found in an NU room, such as alarms, pulse oximeters, infusion pumps, etc., has not been designed with the patients’ noise comfort in mind, nor has the room environment, such as central air conditioning. The geometric shape of the incubator clasp and the mechanism for attaching this type of alarm to the incubators amplify certain airborne noise frequencies, which was verified during the analysis of airborne noise in the neonatal ward of the hospital Fco. Borja in Gandía, Valencia, Spain [17]. This study demonstrates that there are airborne noise assessment scenarios where the level is higher inside the incubator than outside the incubator. This fact has been the source of the present study. It is necessary to determine if there is any path of transmission in the incubator itself that is fostering the propagation of certain frequencies that increase vibration levels. The frequency spectrum of the study must be broadened to assess what is happening at low frequencies. For this purpose, a protocolized study of the state of all existing vibrations in the neonatal ward must be carried out, and their transmission to the incubator studied in order to determine the level of vibration to which the newborns are exposed during their hospitalization.



The main objective of this work is to study the vibrations to which neonatal patients are exposed during their hospitalization in a neonatal ward, focusing on those vibrations that reach the mattress where the neonate rests in the incubator. The study was conducted in the neonatal ward of the University Hospital Francesc de Borja in Gandía, Spain.



In order to meet the objective, control measurements had to be performed in order to determine what kind of technical equipment should be used to record the measurements. For a correct vibration diagnosis, it must be determined what type of signal analysis to use, what type of accelerometers to use, the frequency spectrum where the study should be focused, as well as the recording times. It was also necessary to determine the possible study scenarios and situations in neonatal wards which could influence the vibrations that may reach the neonatal patient. With the recordings already made for vibrations and acceleration values per frequency, levels must be obtained and compared with legislation on permissible levels of vibration in hospital environments.




2. Materials and Methods


2.1. Measuring Vibrations


There are different options for evaluating vibration values. A vibration is understood as a mechanical oscillation with respect to the point of equilibrium. This vibration, or displacement from the point of equilibrium, can be quantified in terms of displacement in meters (m), velocity in meters per second (m/s), or acceleration in meters per second squared (m/s2). The most commonly used variable in vibration assessment is acceleration. In this study, acceleration has been evaluated in m/s2, although all results will be expressed in decibels (dB). The dB is the most commonly used unit in acoustic engineering, all the control parameters that refer to acoustic quality are indicated in this way. A conversion to logarithmic scaling of the quantities must be considered, as expressed in Equation (1), where ‘a’ is the recorded acceleration in m/s2, a0 = 10−6 m/s2, which is known as reference acceleration, and La (dB) is the level of acceleration [24]:


  L a    (  dB  )  = 20 log  (   a   a 0     )   



(1)







The acceleration values in m/s2 recorded in the neonatal ward have been evaluated for each frequency value; however, some of the acoustic quality control parameters defined in the legislation [20,34] are referenced as global values. Therefore, it is necessary, in addition to the scale conversion defined in expression (1), to perform a third-octave weighting. In this weighting, the values are averaged per frequency in third-octave bands. Third-octave bands are fully defined, and each covers a different number of frequencies to be averaged, as well as having a different weight (wm) in the conversion [34]. Table 1 shows the central values of each third-octave band from 1 Hz to 80 Hz, the frequency range corresponding to each third-octave (upper and lower limit), as well as the weighting value for each band.



The vibration index Law is defined by the following expression:


  L  a w  = 20 log  (     a w     a 0     )     (  dB  )   



(2)




where aw is the value of the acceleration in each third-octave band, with the Wm factor, and is defined below (Equation (3)). This index is used in the estimation of maximum vibration values and annoyance during the assessment time and the interior space of buildings. In this study, we have used this index to evaluate the acoustic quality of the neonatal ward, although the focus of the study is on the neonatal incubator. This work considers the limits established by Law 37/2003 of 17 November on noise with regard to acoustic zoning, quality objectives, and acoustic emissions and Royal Decree 1367/2007 [35]. The publication of this legislation aims to prevent, monitor, and reduce the levels of vibro-acoustic pollution affecting the country. There are no specific limits for children. In [35] the following limit levels are proposed in order to achieve the European noise pollution mitigation target (Table 2).



As shown in Table 2, the regulation stipulates for the health sector that the recorded levels should be below the level of 72 dB, leaving a margin of 5 dB. The following procedure was used to obtain the vibration index [Law (dB)] from the accelerometer measurements of the acceleration per frequency and in m/s2: From the acceleration data in m/s2 and per frequency recorded on the accelerometer, the acceleration values in m/s2 in each third-octave are obtained, with a linear average from the upper/lower frequencies of each third, as indicated in the second and third columns of Table 1 (aj). In order to obtain the overall value, each of these values must be given the weight corresponding to the third octave to which they belong. The weights (Wj) are defined in the fourth column of Table 1, and the value of each acceleration per third octave with its corresponding weight can be obtained from the product (Wjaj). The sum of the value in all its octave-thirds expressed according to Equation (3) will give us the weighted acceleration aw, which will allow us, thanks to expression 2, to obtain the global acceleration index, Law.


   a w  =     ∑  j    (  W j   a j  )  2     



(3)








2.2. Neonatal Ward, Study Scenarios


The neonatal ward is located on the first floor of the Francesc de Borja Hospital. This hospital is relatively new. It was opened in 2015 and provides medical care to 188,000 inhabitants. The main neonatal ward is rectangular in shape and has approximately 60 m2 of usable space. The number of cots and incubators in the room varies, with an average capacity of 6 incubators and a maximum of 10. It has a whole room air conditioning system.



It is worth noting the large number of medical control devices installed in the ward, necessary for its proper functioning, many of which have audible alarms. In this work, results of the vibration analysis study are shown without any type of medical control device in operation, although the influence of the ward’s central air conditioning was assessed.



Figure 1 shows images of the neonatal ward of the Francesc de Borja Hospital, as well as one of the neonatal incubators.



Records were made, with sensors distributed among the neonatal incubators, as shown in Figure 2. After a structural analysis of the neonatal incubator, 19 vibration positions are recorded in the incubator (Figure 2), thus trying to analyze all possible influences: the vibration transmission caused by the structure of the room itself, influence from the cabinet that all incubators have, influence of the motor (this motor controls the temperature, humidity, and oxygen conditions that the neonatal patient requires), influence of the mattress support plate, influence of the mattress, as well as the influence of the geometrical shape of the incubator canopy. All these recordings have been made in empty General Electric Health Care® Giraffe incubators inside the NU. The recordings have been made on different days, time slots, and scenarios. The scenarios studied were:



BGN: Background measurement, taken with the neonatal ward and incubator equipment turned off.



AirOn: Measured with the neonatal ward air conditioning turned on.



FAN_Motor: Measured with the incubator turned on.



FAN_Motor&AirOn: Measured with the incubator and neonatal ward air conditioning turned on.



All records were taken with a Brüel&Kjær 2250 sonometer in the advanced FFT analyzer module, using a Brüel&Kjær Type 4370 accelerometer. The first recordings were taken in the frequency range from 0 Hz to 500 Hz in order to detect possible anomalies at higher frequencies. For the vibration study, we focus on the frequency range of 0–80 Hz, as specified in Royal Decree 1367/2007 [35], which establishes the frequency range to be evaluated in the study of the Global Acceleration Level (Law). The value of the vibration index (dB) has been obtained, as indicated in [34].





3. Results


Figure 3 shows some of the accelerometer recording sites on the Giraffe incubator in the neonatal ward of the hospital.



A total of 456 records were made. The full measurement report is available in a Master’s thesis on Acoustical Engineering [36]. We will focus on those points of greatest relevance to the neonatal patient.



Results are shown for the measurement points: 11, 14, and 17. These points correspond to the inside of the incubator, in the bedding area, and at the level of the neonate’s head. Points 11, 14, and 17 are geometrically the same point but differ in the following: point 11 is just above the box where the incubator motor is located. On this surface, the incubator has a glass pane, point 14 being the recording on this pane. Finally, the mattress on which the newborn rests is placed on top of this glass, which is point 17. In addition, each point has been evaluated in different scenarios described above, namely: BGN (background noise measurement, taken with the neonatal ward equipment and incubator switched off), AirOn (measurement taken with the neonatal nursery air conditioner switched on), FAN_Motor (measurement taken with the incubator switched on) and FAN_Motor&AirOn (measurement taken with the incubator and neonatal ward air conditioner switched on).



Figure 4 shows an example of the first recordings that were made on site of the acceleration values (m/s2). The first recordings were made in the frequency spectrum from 0 Hz to 500 Hz. It is shown for point 11 and the different scenarios studied.



Figure 5 shows the average values of the recordings made, on different days, for the four scenarios studied in the frequency range 0–100 Hz. This frequency range is the frequency range necessary to obtain the acoustic quality parameters, as stated in [35]. The values are presented in dB, values of the acceleration level La (Equation (1)). Figure 5a shows the results for measurement position 11, Figure 5b for measurement position 14, and Figure 5c for measurement position 17.



Figure 6 shows the average values of the acceleration level La (dB), comparing the same FAN_Motor&Air scenario, points 11, 14, and 17: points on the motor (11), on the tray covering the motor (14), and on the mattress on top of the tray (17).



In order to be able to study in detail whether there is an influence on vibrations with the room air conditioning, Figure 7 shows the values of the FAN_Motor and FAN_Motor&Air scenarios at the same points shown above (points 11, 14, and 17).



Figure 8 shows the overall vibration index (dB) of the points detailed in the previous charts, broken down by scenario.



It can be seen how for position 11, which is located above the motor structure, the levels obtained in the “Air” and “FAN_Motor&Air” scenarios exceed the levels indicated in the regulations and also exceed the maximum increase of 5 dB.




4. Discussion


This paper shows the results of the diagnosis of vibrations to which neonatal patients are exposed during their hospitalization in the neonatal ward. Levels have been recorded in different scenarios, and all have some vibrations. In some scenarios, global acceleration level values have been recorded that are higher than the values allowed by current legislation in a hospital environment.



In Figure 5a–c, the acceleration levels of three different points on the neonatal incubator are shown, and the influence of different scenarios such as air conditioning, incubator motor operation, or mattress are studied. It is observed that at the three points studied and in all the scenarios evaluated, there is a peak acceleration level between the bands of 16–20 Hz. This low frequency is fundamental for the analysis of the global value, as well as for the influence of vibrations on the human body. Therefore, we have found a starting point on which it will be necessary to act in order to reduce the vibration levels reaching the neonatal patient. Figure 6 shows the influence of the glass plate on the motor casing, as well as the influence of the mattress on the motor casing, reducing the acceleration levels. In Figure 7, in order to study the influence of the room air conditioning, the values of the frequency acceleration levels La (dB) of the scenarios with the incubator motor on (FAN_Motor) and with the incubator motor on the plus room air conditioning on (FAN_Motor&Air) have been compared. The results show that in the position over the motor casing, there is an influence of the air conditioning on the vibrations, but the influence of the air conditioning decreases when covering the motor casing with the glass plate, or even more with the mattress where the newborn rests. Figure 8 shows the comparisons of the global vibration index Law (dB), a detailed parameter that allows us to know if the legislated values for vibration levels are complied with within different uses of buildings, in the case in question, in hospital use. It is observed that at point 11, over the incubator motor casing, and in the scenario with the air conditioning and incubator motor turned on, the maximum permissible values are exceeded (77 dB) and that, with the air conditioning turned on in the room, it is very close to reaching the permissible value (72 dB). At points 14 and 17, the values are high but do not exceed the limit, which shows the importance of good damping, although not all vibrations are eliminated, and actually, we do not know if these low vibrations can affect neonatal health; this is the question to resolve in future studies.



The conclusion is that the greatest influence on vibrations is the incubator’s own motor, with other possible sources of vibrations, such as the room’s central air conditioning, having less influence.



In a recent review by Mc Calling [37], it is clear that incubators have the possibility of doing some harm as an unintended consequence of the design because they emit vibrations that can potentially have a negative impact on the newborn. ISO 2631 [20] details comprehensive methodologies for whole-body vibration measurement and describes a comfort rating scale to determine the severity of the exposure. Although legislation exists from an occupational perspective, there are currently no legal limits on neonatal exposure to vibration. There are very limited published data on vibration exposure in incubators during transport and even less “in situ” in the hospital environment. Most existing transport studies have limitations with respect to sample size, use of neonates versus the use of dummies, and modes of transport. However, the vibration emission data collected and published to date are at or above the upper end of the comfort scale classification according to ISO 2631. Studies [37] during in-hospital management to date also suggest that exposure to body vibrations in neonatal incubators exceeds the limit values in the vast majority of cases. This may worsen with the equipment of the unit and the alarms that this implies and also with the usual management of the neonate.



The point of discussion is whether this vibration is harmful (although any environmental pollution is supposed to be undesirable, especially for an immature organism).



The International Organization for Standardization has shown that vibrations have “adverse effects on the cardiorespiratory function, the central and peripheral nervous system, the electroencephalographic activity, body temperature, the metabolic and endocrine function and the gastrointestinal system” in adults. This Organization has established standards with respect to body vibration for seated adults. However, no standards have been adopted for people in other positions, such as standing, reclining, or lying down [25]. There is a standard for the permissible amount of noise that a baby in an incubator can safely endure, but there are no standards for the permissible amount of vibrations nor for their harmfulness.



Perhaps, in some cases, subjecting neonates to mild vibrations could be beneficial. According to the basic principle of stochastic resonance, the application of a modest amount of random vibration to a complex biological system, such as the human body, increases the sensitivity of that system. Stochastic resonance could be useful in preventing apnoea episodes in premature babies that are currently treated with caffeine or respiratory support systems.



A clinical trial showed that stochastic resonance stimulation using a special mattress could be used to treat premature babies with apnoea, bradycardia, and oxygen desaturation, with positive results. The mattress provided stimulation based on a gentle vibration similar to a soft massage. Stimulation showed promising results in three events, as apnoea was reduced by 50%, bradycardia intensity by 20%, and oxygen desaturation by 20% to 35% [38,39]. However, in this study, care was taken to avoid vibrations in the area corresponding to the baby’s head to avoid harmful effects on the still developing brain (unlike in our study where we have focused on the head resting area), and there are no more studies including the head’s area.




5. Limitations


This study has only analyzed one type of incubator, so the results cannot be generalized to all types and brands, although it sets a precedent to be confirmed. It is necessary to do more studies in other neonatal units/hospitals to know different environmental or structural issues.



Vibrations should also be recorded when medical equipment is in operation because this can add some more vibration.



This study has not considered possible variations in the position of the neonate within the incubator itself that could minimize the vibrations received.




6. Conclusions


This paper shows the results of the diagnosis of vibrations to which neonatal patients are exposed during their hospitalization in the neonatal ward of the Francesc de Borja Hospital in Gandía. The levels inside the incubator in the area where the neonate’s head rests and in different scenarios have been registered. These comparisons have indicated that, at least in the case study, all scenarios have some level of vibration that needs to be reviewed in more detail and solutions that need to be found in order to reduce the levels reaching the incubators in the neonatal wards. In some scenarios, global acceleration level values have been recorded that are higher than the values allowed by current legislation in a hospital environment. This study has highlighted the need to diagnose the state of vibrations to which neonatal patients are subjected during their admission. From this study, it is possible to protocolize the diagnosis of vibrations in any neonatal ward. Further studies are needed to understand the significance and impact of these findings in clinical practice.







Author Contributions


Conceptualization, J.M.S.-C. and R.d.R.-T.; methodology, J.A.-F. and G.G.-M.; software, G.G.-M.; validation, J.M.S.-C., R.d.R.-T. and J.A.-F.; formal analysis, G.G.-M.; investigation, J.M.S.-C. and G.G.-M.; resources, J.M.S.-C. and R.d.R.-T.; writing—original draft preparation, J.M.S.-C. and G.G.-M.; writing—review and editing, R.d.R.-T.; visualization, J.A.-F.; supervision, J.M.S.-C.; project administration, J.M.S.-C.; funding acquisition, J.M.S.-C. and R.d.R.-T. All authors have read and agreed to the published version of the manuscript.




Funding


This work has been funded by the NEO-VIBRA project, in the Call for grants for the UPV-FISABIO programme (polisabio 2019), sub-programme for the promotion of preparatory actions.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not available.




Acknowledgments


We would like to thank all the paediatric staff at the Fco. Borja Hospital for their collaboration.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Rite Gracia, J.; Fernández Lorenzo, I.; Echáriz Urcelay, F.; Botet Mussons, G.; Herranz Carrillo, J.; Moreno Hernando, E.; Salguero García, M.; Luna, S. Niveles Asistenciales y Recomendaciones de Mínimos Para La Atención Neinatal. An. Pediatr. 2004, 60, 56–64. [Google Scholar]

	



Ahamed, M.F.; Campbell, D.; Horan, S.; Rosen, O. Noise Reduction in the Neonatal Intensive Care Unit: A Quality Improvement Initiative. Am. J. Med. Qual. 2018, 33, 177–184. [Google Scholar] [CrossRef]

	



Garinis, A.C.; Liao, S.; Cross, C.P.; Galati, J.; Middaugh, J.L.; Mace, J.C.; Wood, A.-M.; McEvoy, L.; Moneta, L.; Lubianski, T.; et al. Effect of Gentamicin and Levels of Ambient Sound on Hearing Screening Outcomes in the Neonatal Intensive Care Unit: A Pilot Study. Int. J. Pediatr. Otorhinolaryngol. 2017, 97, 42–50. [Google Scholar] [CrossRef]

	



Calikusu Incekar, M.; Balci, S. The Effect of Training on Noise Reduction in Neonatal Intensive Care Units. J. Spec. Pediatr. Nurs. 2017, 22, e12181. [Google Scholar] [CrossRef]

	



Casavant, S.G.; Bernier, K.; Andrews, S.; Bourgoin, A. Noise in the Neonatal Intensive Care Unit. Adv. Neonatal Care 2017, 17, 265–273. [Google Scholar] [CrossRef] [PubMed]

	



Degorre, C.; Ghyselen, L.; Barcat, L.; Dégrugilliers, L.; Kongolo, G.; Leké, A.; Tourneux, P. Noise Level in the NICU: Impact of Monitoring Equipment. Arch. Pediatr. 2017, 24, 100–106. [Google Scholar] [CrossRef]

	



Jordão, K.R.; Pinto, L.D.A.P.; Machado, L.R.; Costa, L.B.V.D.L.; Trajano, E.T.L. Possible Stressors in a Neonatal Intensive Care Unit at a University Hospital. Rev. Bras. Ter. Intensiva 2016, 28, 310–314. [Google Scholar] [CrossRef]

	



Shoemark, H.; Harcourt, E.; Arnup, S.J.; Hunt, R.W. Characterising the Ambient Sound Environment for Infants in Intensive Care Wards. J. Paediatr. Child Health 2016, 52, 436–440. [Google Scholar] [CrossRef] [PubMed]

	



Biabanakigoortani, A.; Namnabati, M.; Abdeyazdan, Z.; Badii, Z. Effect of Peer Education on the Noise Management in Iranian Neonatal Intensive Care Unit. Iran. J. Nurs. Midwifery Res. 2016, 21, 317. [Google Scholar] [CrossRef] [PubMed]

	



Garrido Galindo, A.P.; Camargo Caicedo, Y.; Vélez-Pereira, A.M. Nivel de Ruido En Unidades de Cuidado Intensivo de Un Hospital Público Universitario En Santa Marta (Colombia). Med. Intensiva 2016, 40, 403–410. [Google Scholar] [CrossRef]

	



Santos, J.; Carvalhais, C.; Xavier, A.; Silva, M.V. Assessment and Characterization of Sound Pressure Levels in Portuguese Neonatal Intensive Care Units. Arch. Environ. Occup. Health 2018, 73, 121–127. [Google Scholar] [CrossRef] [PubMed]

	



Gallegos-Martinez, J.; Reyes-Hernéndez, J.; Fernéndez-Hernéndez, V.; González-González, L. Indice de Ruido En La Unidad Neonatal. Su Impacto En Recién Nacidos. Acta Pedriatr. Mex. 2011, 32, 5–14. [Google Scholar]

	



Philbin, M.K.; Evans, J.B. Standards for the Acoustic Environment of the Newborn ICU. J. Perinatol. 2006, 26, S27–S30. [Google Scholar] [CrossRef]

	



Moreira Pinheiro, E.; Guinsburg, R.; de Aranajo Nabuto, M.A.; Yoshiko Kakehashi, T. Ruido En La Unidad de Terapia Intensiva Neonatal y En El Interior de La Incubadora. Rev. Latino-Am. Enferm. 2011, 19, 1214–1221. [Google Scholar]

	



Wang, D.; Aubertin, C.; Barrowman, N.; Moreau, K.; Dunn, S.; Harrold, J. Examining the Effects of a Targeted Noise Reduction Program in a Neonatal Intensive Care Unit. Arch. Dis. Child.-Fetal Neonatal Ed. 2014, 99, F203–F208. [Google Scholar] [CrossRef]

	



Parra, J.; de Suremain, A.; Berne Audeoud, F.; Ego, A.; Debillon, T. Sound Levels in a Neonatal Intensive Care Unit Significantly Exceeded Recommendations, Especially inside Incubators. Acta Paediatr. 2017, 106, 1909–1914. [Google Scholar] [CrossRef]

	



del Rey, R.; Alba, J.; Sequí, J.; Revert, M. Análisis Acústico Del Entorno de La Sala Neonatal Del Hospital de Gandia. In Proceedings of the XI Congreso Iberoamericano de Acústica. X Congreso Ibérico de Acústica, 49° Congreso Español de Acústica, Cádiz, Spain, 24–26 October 2018. [Google Scholar]

	



Valdés-de la Torre, G.E.; Martina Luna, M.; Braverman Bronstein, A.; Iglesias Leboreiro, J.; Bernárdez Zapata, I. Medición Comparativa de La Intensidad de Ruido Dentro y Fuera de Incubadoras Cerradas. Perinatol. Reprod. Hum. 2018, 32, 65–69. [Google Scholar] [CrossRef]

	



Ministerio para la Transición Ecológica. Gobierno de España. Miteco. Calid. y Evaluación Ambiental. Atmósfera y Calid. Del Aire. Contam. Acústica. Available online: https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/atmosfera-y-calidad-del-aire/contaminacion-acustica/ (accessed on 14 June 2022).

	



ISO 2631-2:2003; Mechanical Vibration and Shock-Evaluation of Human Exposure to Whole-Body Vibration-Part 2: Vibration in Buildings (1 Hz to 80 Hz). ISO: Geneva, Switzerland, 2003.

	



Kromka-Szydek, M. Preliminary Assessment of Vibration Impacts Generated by the Public Transport Sustems on Pregnant Womwn Based on Subjective Reactions. Acta Bioeng. Biomech. 2018, 20, 79–92. [Google Scholar]

	



Joubert, D. Professional Driving and Adverse Reproductive Outcomes: The Evidence to Date and Research Challenges. Open Occup. Health Saf. J. 2009, 1, 1–6. [Google Scholar]

	



Mansfied, N. Human Response to Vibration; CRC Press: London, UK, 2005. [Google Scholar]

	



Alba, J.; del Rey, R. Evaluación de Las Vibraciones En El Espacio Interior de Las Edificaciones. In Acústica Ambiental: Análisis, Legislación y Soluciones; UPV: Valencia, España, 2009; pp. 353–384. [Google Scholar]

	



Real Decreto 286/2006, de 10 de Marzo, Sobre La Protección de La Salud y La Seguridad de Los Trabajadores Contra Riesgos Relacionados Con La Exposición Al Ruido; BOE: Madrid, España, 2006.

	



Bailey, V.; Szyld, E.; Cagle, K.; Kurtz, D.; Chaaban, H.; Wu, D.; Williams, P. Modern Neonatal Transport: Sound and Vibration Levels and Their Impact on Physiological Stability. Am. J. Perinatol. 2019, 36, 352–359. [Google Scholar] [CrossRef]

	



Blaxter, L.; Yeo, M.; McNally, D.; Crowe, J.; Henry, C.; Hill, S.; Mansfield, N.; Leslie, A.; Sharkey, D. Neonatal Head and Torso Vibration Exposure during Inter-Hospital Transfer. Proc. Inst. Mech. Eng. Part H J. Eng. Med. 2017, 231, 99–113. [Google Scholar] [CrossRef] [PubMed]

	



Carreras-González, E.; Moliner-Calderón, E.; Ginovart-Galiana, G. Fisiopatología Del Transporte En Helicóptero. An. Pediatr. 2014, 81, 269–270. [Google Scholar] [CrossRef]

	



Macnab, A.; Chen, Y.; Gagnon, F.; Bora, B.; Laszlo, C. Vibration and Noise in Pediatric Emergency Transport Vehicles. Aviat. Space. Environ. Med. 1995, 66, 212–219. [Google Scholar] [PubMed]

	



Browning, J.; Walding, D.; Klasen, J.; David, Y. Vibration Issues of Neonatal Incubators During In-Hospital Transport. J. Clin. Eng. 2008, 33, 74–77. [Google Scholar] [CrossRef]

	



Youngblut, J.; Lewandowski, W.; Casper, G.; Youngblut, W. Vibration in Metal and Non-Metall Incubators. Biomed. Instrum. Technol. 1994, 28, 476–480. [Google Scholar]

	



Ciesielski, S.; Kopka, J.; Kidawa, B. Incubator Noise and Vibration-Possible Iatrogenic Influence on Neonate. Int. J. Pediatr. Otorhinolaryngol. 1980, 1, 309–316. [Google Scholar] [CrossRef]

	



Real Decreo 1299/2006, de 10 de Noviembre, Por El Que Se Aprueba El Cuadro de Enfermedades Profesionales En El Sistema de La Seguridad Social y Se Establecen Criterios Para Su Notificación y Registro; BOE: Madrid, España, 2006.

	



Real Decreto 1367/2007, Por El Que Se Desarrolla La Ley 37/2003, Del Ruido, En Lo Referente a Zonificación Acústica, Objetivos de Calidad y Emisiones Acústicas; BOE: Madrid. España, 2007.

	



ISO 2631-1:1997/Amd1:2010; Mechanical Vibration and Shock-Evaluation of Human Exposure to Whole-Body Vibration-Part 1: General Requirements-Amendment 1. ISO: Geneva, Switzerland, 1997.

	



González Mazarías, G. Neovibra. Estudio de Las Vibraciones En Salas Neonatales: Caso Del Hospital de Gandía; Universitat Politècnica de València: Valencia, Spain, 2020. [Google Scholar]

	



McCallig, M.; Pakrashi, V. Whole-Body Vibration Exposure from Incubators in the Neonatal Care Setting: A Review. J. Environ. Occup. Health 2021, 11, 37–46. [Google Scholar]

	



Vitale, F.M.; Chirico, G.; Lentini, C. Sensory Stimulation in the NICU Environment: Devices, Systems, and Procedures to Protect and Stimulate Premature Babies. Children 2021, 8, 334. [Google Scholar] [CrossRef]

	



Smith, V.; Kelty-stephen, D.; Qureshi Ahmad, M.; Mao, W.; Cakert, K.; Osborne, J.; Paydarfar, D. Stochastic Resonance Effects on Apnea, Bradycardia, and Oxygenation: A Randomized Controlled Trial. Pediatrics 2015, 136, 1561–1568. [Google Scholar] [CrossRef]








[image: Healthcare 10 01180 g001 550] 





Figure 1. Neonatal ward of the Francesc de Borja Hospital in Gandía. Neonatal incubator. 
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Figure 2. Positions of the recordings made in the incubator. 
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Figure 3. Examples of some of the recordings made on site in the neonatal incubator of the hospital. (a) Point 11 (correspond to the structure above the incubator motor). (b) Point 14 (correspond to the tray over the motor structure). (c) Point 17 (correspond to the mattress on the tray over the motor structure). 
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Figure 4. Example of one of the vibration recordings, in m/s2, at measurement position 11, for the four scenarios studied and in the frequency range 0–500 Hz. 
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Figure 5. Acceleration levels La (dB), at measurement positions 11, 14 and 17, for the four scenarios studied and in the frequency range 0–100 Hz: (a) Position 11; (b) Position 14; (c) Position 17. 
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Figure 6. Average La (dB) levels. Positions 11, 14 and 17. FAN_Motor&Air Scenario. 
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Figure 7. Average La (dB) levels comparative. FAN_Motor&Air Scenario. (a) Position 11; (b) Position 14; (c) Position 17. 
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Figure 8. Average Law (dB) levels comparative. Positions 11, 14 and 17. FAN_Motor&Air Scenario. 
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Table 1. Weighting values for third-octave bands center frequencies. Reference: weighting values Wm for third-octave bands center frequencies of 1 Hz to 80 Hz (ISO 2631-2:2011).
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	1/3 Octave Band Central Frequency

(Hz)
	Lower Frequency

(Hz)
	Higher Frequency

(Hz)
	      w   m      F a c t o r     





	1
	0.891
	1.122
	0.833



	1.25
	1.114
	1.403
	0.907



	1.6
	1.425
	1.796
	0.934



	2
	1.782
	2.245
	0.932



	2.5
	2.227
	2.806
	0.91



	3.15
	2.806
	3.536
	0.872



	4
	3.564
	4.490
	0.818



	5
	4.454
	5.612
	0.75



	6.3
	5.613
	7.072
	0.669



	8
	7.127
	8.980
	0.582



	10
	8.909
	11.225
	0.494



	12.5
	11.136
	14.031
	0.411



	16
	14.254
	17.959
	0.337



	20
	17.818
	22.449
	0.274



	25
	22.272
	28.062
	0.22



	31.5
	28.063
	35.358
	0.176



	40
	35.636
	44.898
	0.14



	50
	44.545
	56.123
	0.109



	63
	56.127
	70.715
	0.0834



	80
	71.272
	89.797
	0.0604
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Table 2. Noise quality objectives for vibrations applicable to the habitable interior space of buildings intended for residential, hospital, educational or cultural uses. Reference: Table C of Annex II. Noise quality objectives [35].
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	Use of the Building
	Vibration Index, Law (dB)





	Residential
	75



	Sanitary
	72



	Cultural or Educative
	72
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