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ABSTRACT

Objective: To determine vestibular disorders in workers of a matches company, and identify the main risks associated with the development of these
symptoms.

Methods: The work included two groups: The experimental constituting the workers who were exposed to chronic occupational noise, and the
control group corresponding to the administrative staff, which was not exposed to occupational noise. The Irvine questionnaire developed by
the Department of Otolaryngology at the University of California and the Dizziness Questionnaire developed by the Center for Audio and Balance
from the University of Maryland were used to evaluate the prevalence of vestibular symptoms. Tone audiometric evaluations were performed to all
individuals in the population.

Results: In the experimental group, 9.7% of the employees showed hearing loss or acoustic trauma in both ears. In the control group, 5.5% of the
employees showed mild hearing loss. 60% of the employees have any symptoms associated with a vestibular disorder either by noise or exposure
(experimental group) to ergonomic risk factors (administrative staff).

Conclusions: The prevalence of vestibular symptoms in individuals of the experimental group could be associated with exposure to occupational
noise 285 dBA. The questionnaires are important tools because they could prevent occupational hearing loss and it does not involve an onerous
economic cost for the company. The questionnaires could be used in any type of business from craftwork to industrial plants.
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INTRODUCTION

Noise is considered as any harsh, tiring, or unpleasant sound and
its intensity is measured in decibels [1]. Loud noises as such as the
exposure to them for a long period of time can cause a permanent
reduction in hearing sensitivity, due to the damage that its produces in
the sensory organs of the inner ear. In addition, prolonged exposure to
noise causes fatigue, headaches, irritability, and depression [2].

Noise at work reduces the concentration, decreases the precision of
movements and efficiency, diverts the attention, and increases the
amount of energy that a worker required to meet a specific task. It,
furthermore, generates additional fatigue, not only by the effort needed
to understand instructions in a noisy environment but also by the
overload of the cerebral cortex when receiving information heralded by
a certain amount of noise [2].

Noise is one of the most common pollutants at the work environment,
not only in manufacturing of industrial plants but also in the offices,
in this one rarely the risk of hearing loss is present; however, noise
even at distant levels can lead to other physiological alterations such as
distractions, stress, communication interference, vestibular disorders,
or psychological disorders [3].

Noise at levels above 85 dBA is prejudicial and can cause hearing
impairment, loss of sleep, irritability, indigestion, ulcers, elevated blood
pressure, and finally heart disease [4,5]. The noise affects both hearing
and balance. It is estimated that 1.1 million people are exposed to
excessive noise at work. Of this group, 0.17 million are predicted may
suffer hearing damage [6].

The most significant physiological effect of exposure to noise is deafness
which may be temporary or permanent. Unfortunately, noise is a part of

everyday life of workers in the industrial plants. There is documented
evidence of vestibular dysfunction in people with noise -induced
hearing loss [7].

Company workers, due to exposure to very high noise levels (higher
than 85 dBA), have begun to suffer a degenerative hearing process
leading to sensorineural hearing loss. Noise generated by the machinery
of the company has triggered vestibular disorders in the employees,
which diminish their quality of life and constitute a serious risk to
occupational health. Hence, it is necessary to evaluate the vestibular
disorders caused by exposure to high levels of occupational noise
in the industrial plant. This study seeks to identify early hearing loss
related to noise exposure in the workplace according to the vestibular
symptoms that may present the employees.

METHODS

A cross-sectional study was conducted to determine the vestibular
symptoms in workers exposed to chronic noise in the matches
company. Data were collected through questionnaires that allowed
to infer the presence of vestibular disorders in the employees who
formed the population under study. Tone audiometry was taken using
a clinical audiometer (Maico, model MA 42) calibrated according to
ANSI S3.6-1996, IEC 645; to identify auditory thresholds at frequencies
125, 250, 500, 750, 1000, 2000, 3000, 4000, 5000, 6000, and 8000 Hz
with gradual intensity of 5 dB in the left and right ears.

The study included two groups. The experimental group formed by the
workers who are exposed to chronic occupational noise, and the control
group corresponding to administrative staff, which is not exposed to
occupational noise caused by the machinery of the company. Both
groups maintained a normal working day of 8 hrs for 5 days a week,
with an hour for lunch. The work routine of the experimental group
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involves physical activities in a standing position with occupational
exposure to noise above 85 dBA. The subjects in the control group
conduct their activities in sitting position most of the time and are not
exposed to occupational noise.

The experimental group consisted of 34 workers, and the control group
consisted of 16 employees. Subjects in both groups had normal hearing
sensitivity, according to the database of clinical histories, and also
reported no history of relevant disorders of neurological functions.

The questionnaires used in this study were the Irvine questionnaire
for dizziness developed by the University of California - Department
of Otolaryngology/Head and Neck Surgery, and the scale of vertigo
symptoms developed by the University of Maryland Medical
Center - Hearing and Balance Center. These questionnaires were used to
assess the presence of vestibular symptoms in workers. Questionnaires
allowed to define the appearance of vestibular symptoms, and the
relationships with posture, history of hearingloss, vestibular symptoms,
treatments, and habits.

Table 1: Incidence of symptoms associated with vestibular
disorders in the experimental and control groups of the
matches company Quito-Ecuador

Symptoms Frequency (%)

Control group Experimental group
Dizziness 15.00 (44.10) 10.00 (55.60)
Loss of perception 2.00 (5.90) 0.00 (0.00)
Sensation of turning 1.00 (2.90) 0.00 (0.00)
Visual changes 4.00 (11.80) 5.00 (27.80)
Nausea or vomiting 2.00 (5.90) 0.00 (0.00)
Ringing in the ears 7.00 (19.40) 2.00 (11.10)
Ears covered 4.00 (11.80) 3.00 (16.70)
Headache 14.00 (41.20) 8.00 (44.40)
Spinning sensation 3.00 (8.80) 2.00 (11.10)
Head pressure 2.00 (5.90) 1.00 (5.60)
Sensation that 2.00 (5.90) 0.00 (0.00)
falling sideways
p value (two-tails) 0.4371
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To compare the prevalence of peripheral vestibular symptoms among
the control group and the experimental group, two-tail-paired t-test
was used. The frequency of major vestibular symptoms was reported
according to the number of individuals who responded positively to the
presence of the condition. The symptoms were divided into two severe
and mild groups to be analyzed as binary variables; the prevalence and
standard deviation in each group were calculated to detect statistical
differences using t-test for two independent samples. INFOSTAT Version
2014 (Cordoba, Argentina) was used to analyze the data obtained from
the study.

RESULTS AND DISCUSSION

Demographic characteristics of the population were gender distribution
of 8% women and 92 % men. 63% of individuals included in the study
were in a range of age between 30 and 39 years. The 34% of individuals
included in the study were 40-59 years old, and 3% were older than
60 years. There were no women in the experimental group. The 85%
and 78% of individuals showed symptoms associated to vestibular
disorders either by exposure to noise or ergonomic risk factors in the
experimental and control groups, respectively. The main symptoms
associated with a vestibular disorder were headache (41.2%; 44%)
and dizziness (44.1%; 55.6%) in the experimental group and the
control group, respectively. Although a higher incidence of vestibular
symptoms was detected in the experimental group, no significant
differences between the two groups were detected in this study
(p=0.4371) (Table 1).

The results of the tone audiometry are summarized in Table 2. The
incidence of hearing disorders in the experimental and control
groups was mild bilateral sensorineural hearing loss (2.9%
and 5.5%) and bilateral acoustic trauma with the frequency of
9.7% in the experimental group. In a similar study conducted by
Jibaja [8], conductive hearing loss problems were detected in 7.8%
of the population and sensorineural hearing loss in 32.8% of the
employees.

Among the results of the tone audiometry tests conducted in the
experimental group, two individuals had acoustic trauma due to the
vestibular damage from chronic exposure to work noise (Fig. 1).

Table 2: Distribution of vestibular disorders and hearing disorders in the experimental and control groups in the matches company

Group Total Vestibular disorders Hearing disorder (%)
Noise (dBA) Mean Standard deviation % total Normal Mild hearingloss Acoustic trauma bilateral
Control 16 35 1.19»  2.01 78rs 97.1 2.9 0.0
Experimental 34 88 1.81™  1.83 85 84.8 5.5 9.7
ns: Not significant differences t-test independent groups (p<0.05)
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Fig. 1: Tone audiometry conducted in a worker of the matches company with hearing loss due to chronic occupational noise (dotted line)
versus normal audiometry (continuous line)
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When permanent hearing loss is given at high noise exposure, in sound
intensity and time, or a prolonged fatigue that does not allow recovery,
it begins to settle at frequencies from 4000 to 6000 Hz. If exposure is
continuous, loss extends to even conversational frequencies [9].

The coexistence of vestibular disorders and otological symptoms
indicates a waste of cochlear and vestibular structure due to the
occupational exposure to chronic noise in the experimental group.
These results are similar to those found by Raghunath et al. [7] who
found significant differences in vestibular symptoms in workers
subjected to chronic noise in India.

The questionnaires were effective in determining vestibular symptoms
since these could be detected with a high prevalence in patients with
hearing loss. Questionnaires for dizziness and balance are important
tools because they prevent occupational hearing loss, obtaining specific
and conclusive results regarding symptoms associated with vestibular
disorders. In addition, both questionnaires are easy to the use in any
industrial plant that has noise as part of the risk for workers.

REFERENCES

1. Sellapan E, Janakiraman K. Environmental noise from construction
site power systems and its mitigation. Noise Vibration Worldwide
2014;45(3):14-20.

Innovare Journal of Health Sciences, Vol 4, Issue 3, 2016, 9-11

2. Stoia M. Evaluation of the nonspecific effects induced in workers by
occupational noise. Acta Med Trans 2012;17(3):169-72.

3. Ruiz A, Floria G, Maestre P. Manual Para La Prevencion De Riesgos
Laborales En Las Oficinas. Madrid: Fundacion Confemetal; 2003.

4. Suggs C. Noise problems of hand and power tools. Noise-con
1981;81:339-42.

5. Singh P. Noise pollution. Every Man’s Sci 1984;25(1-2):231-5.

6. Kumar K, Vivarthini CJ, Bhat JS. Vestibular evoked myogenic potential
in noise-induced hearing loss. Noise Health 2010;12(48):191-4.

7. Raghunath G, Suting LB, Maruthy S. Vestibular symptoms in factory
workers subjected to noise for a long period. Int J Occup Environ Med
2012;3(3):136-44.

8. Jibaja J. Evaluation of metabolic changes and their influence in
the hearing loss. Thesis to Fulfill the Requirements of Master in
Occupational and Health Safety. International University SEK, Faculty
of Occupational and Health Safety; 2012. p. 91.

9. Gilles A, Van Hal G, De Ridder D, Wouters K, Van de Heyning P.
Epidemiology of noise-induced tinnitus and the attitudes and beliefs
towards noise and hearing protection in adolescents. PLoS One
2013;8(7):¢70297.

10. Azizi MH. Occupational noise-induced hearing loss. Int J Occup
Environ Med 2010;1(3):116-23.

11. Maryland Hearing and Balance Center. Dizziness Questionnaire.
Baltimore, MD: University of Maryland Medical Center.

12. University of California. UC Irvine. Dizziness Questionnaire Developed
in the Department of Otolaryngology/Head and Neck Surgery.
Irvine, CA. Available from: http://www.ent.uci.edu/Forms.html.

11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


