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Abstract

The article presents a description of heavy mackdge amputations and industrial accidents; an maod
component of occupational healtbccupational Health is the promotion and maintenance of the highegtede
of physical, mental and social well-being of workén all occupations by preventing departures flwaith,

controlling risks and the adaptation of work to jpleg and people to their jobs(WHO).

The Bureau of Labor Statistics reported a totall @36 work injuries in the United States in 2015light
increase from 4,821 fatal injuries reported in 208#hce work-related injuries are not on the deckmd work
related hazards are a potential source of litigathmge compensation, economic loss, and loss aftgwf life

it is important to explore the subject of indudtiiguries and its attendant complications and hbwan be
prevented in an attempt to mitigate the potent@dtcon industrial workers, their families, emplaethe
production process and consequently the Gross Dani&r®duct of a nation.

The article attempts to describielegic and causative factors involved with the dem of heavy
machinery and industrial injuries of which ampudatiis notable. A brief review of the agents of igju
mechanisms of injury, health and economic impact the transmission pathway is included. A reviewthef
literature would bring to the fore research materihat discussed the subject matter under revilntifying
pros and cons of various approaches. The articldyzes the available statistical measures provibed
researches under review, revealing their shortcgsniand highlighting their merits. The paper hightgy
potential future developments as relates to prémerdand control of workplace injuries and theireattant
complications. Additionally, certain recommendasionill be made based on scientifically valid opimio
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1.1 Introduction

Amputation injuries often occur when aniwduial has to utilize machinery or heavy equipm@anget their
job done! Amputations may happen when an individual is imedlin an extreme workplace accident. Work-
place accidents that involves automated or manaahines have become important because of the dire
consequences and impact on workers’ health andeisti* Despite sound critical statements and in-depth
explanations that bring errors of operators toftine, amputations and industrial accidents remaga@minant
with indusltrial workers. This has put a strain eeventive measures that seek to improve produtésys
reliability.

In the U.S., an average of 185,00utations occur on a yearly ba$idbout 400 Americans lose a
limb daily. One out of every 190 Americans alives laaprior history of limb loss, this statistic iofected to be
twice what it is by 2056.One of the leading causes of trauma-related artipnsais industrial accidents. In a
report by the Bureau of Labor Statistics (BLS)réheas an average of 11,000 work-place amputatieady
over a 7year period. More than half of these ozl the manufacturing sector. About 1,000 antprna
occurred yearly in the retail and construction @eddccupational amputation injuries related toipopent and
machinery account for 60%, this is based on the Bipdrt. Mechanical power presses, hydraulic peessad
pneumatic presses are the most common cause ofdsabln addition to this list is plastic procegsimachines
such as thermo-formirfg.

Furthermore, Occupational Safety & Healdn#nistration (OSHA), has stated that certain itdais
workers are more at risk of sustaining workplagarias and accidentally amputated limbs than otHéexsas
noticed that persons who work with machinery theggess blades and rotate can snag upon clothing’s o
different body parts. In addition, machinery thatdlves motions which are back and forth have titenial for
entrapping different body parts but notably limBBcing and punching equipment have also becommiorent
sources of hand related injuries. Equipment famgling in the industrial arena have also been &dsdcwith
limb amputations. Machineries with sharp edgeskamavn for the tragic consequences of theiruse.
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Limb amputations occur during the regulpemtions of industrial machineries, but specificdliring
routine maintenance; machine start-up and machind-down operations. OSHA has stated that manyoiti s
industrial accidents resulting in amputations hee#tings where the employers do not have prop&rdot and
start- up protocols to prevent such occurrencesa éensequence, machines could be accidentallgdurn
while another staff is cleaning or when maintengmoeedures are ongoing on the machine. At othegdi
employees are not formally trained about the prgpecedures to be followed to prevent accidentakplace
injuries. Many organizations are lacking in adeguabrkplace protective devices. Instances occureviech
devices exist but workers become negligent on meutise of the protective devices. Poor maintenahce
machinery by employers and failure to provide saffetrrier all contribute to the burden of indudtdacidents’

The loss of an arm or leg; pamiatotal or any other appendages brings with itesre physical and
psychological problems that negatively affectsliteeof such individuals. Such psychological effeon victims
could range from phantom pain which often persighynyears after the accident has occurred. Irntiaddb
the psychological and emotional effects amputatias on its victims, the financial involvement og thad to
recovery is extreme. In the Journal of Bone & J8utgery, a study published on this subject esémat
$510,000 as the lifetime medical cost for a patwmb suffers an amputation. The projected estirbgtide
study takes into cognizance, treatments cost tichide: Initial treatment cost and hospitalizatifmiow-up
cost and the cost for inpatient rehabilitationatidition, the cost for outpatient doctor visits iastored in.
Other factors accounting for the total cost wereupational and physical therapy as well as prostfes

The economic burden caused by indalsidcidents are extreme for the following reas@esision
payments for incapacity for work, cost of treatméwgs of production capabilities, distorted scheslof
production, machinery damage and damage to otleluption equipment. Nevertheless, the asset of huifea
cannot be substituted for, neither can the paifesed as a result of industrial accidents. Workidertts play an
outrageous negative impact in national welfare nogress. Thereby decreases a country’s capacity fo
productivity?

As an OSHA requirement, emplsyare required to purchase only machinery that hdeguate
safeguards and protective measures installed ¢ggafd workers from amputations and other industria
accidents. Equipment’s that are deficient in pristeng safeguards would require safeguard instaliatby
employers before they can be utilized in the indalsprocess. These safeguards are often in thme édibarriers
which are structured to act as a protective stoétkeh through barricades created between the warhathe
industrial machine. They usually are designed toimmize obstruction and visual interferences wHile t
machines are running and the worker is carryingh@ibr her duty. Other safeguard measures nofable
preventing accidental amputation are equipmentksraachineries that will stop automatically when an
industrial worker’s hands or appendages are atnib&t vulnerable point for injury during operatiotrs.
addition, certain devices are designed to preventmorker from placing his hands in hazardous arets
equipment. These designs on devices can act tmealthe safety features of barricades and therelpytb
reduce the incidence of occupational limb amputetto

This article seeks to addrénow many, who, how, where amputations and induaccidents
occur and its impact; all of which form a basicrpige of prevention. If we do not have accuraterimition on
its occurrence, we would have difficulty knowingvhenuch resources to devote, what actions to takehether
the actions we do take are effective.

1.2 Background

There has been an expansion of vaseators of industrial production to keep up witbreased
demand due to rapid population growth, industréilan, urbanization and ever increasing standafrtiging
seen in different parts of the world. Many unexpdaind undesirable occupational incidents in kafatid work
safety that take place during industrial procegsggardize workplace efficiency, productivity aralise serious
financial losses to such organizations. Worsk &ithe waste of labor and time which resulta @ensequence
of industrial accidents, since workers may haviedip the injured. Also, involvement of observinggmnnel
and administrative staff in the industrial procesgn accidents do occur results in waste of lahdrtane, and
consequently slows down the production process.neeidents occur, the mood and motivation levels o
other workers is often negatively impacted and tiegly affects the production process due to gatlie and
quantitative decreases in production with direriicial repercussions. Furthermore, replacing arrécjuorker
with a new worker often does require training ie tiesired skills and brings additional overall sastthe
company.
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Industrial accidents play an extremelgateve role in national progress and welfare antbigsbly one of
the factors that decreases productive capacitiestigns’

1.3 Current Research Efforts.

According to a study by Derh&tal, underreporting of occupational injuriesgmmon in
developing countries due to low official labor ferparticipation, high unemployment rate and inadeywf the
Occupational Health and Safety Act. He further shat approximately one among three workers in mdraas
and three of four in rural areas are not registévdtie social security institutions. This is arportant barrier to
the reporting of occupational injuries. As suchreifehe worker is officially insured, many cases aot
reported due to the economic concerns of the eraplioyterms of compensation and due to fear ofgsb.®

A study done in South Africa by Hughes et al in 2@8bowed that the construction industry is very
accident prone with the commonest incidents beguugation of limbs due to mishandling of heavy equimt
and those related to carnage and heavy lifting mach Furthermore, injuries were attributed to ek of
discipline, fatigue and distraction of the work&fhe study showed that 48% of workplace injuriesenduie to
negligence and carelessness of laborers. 24% daekof personal protective equipment, 15% duenskilled
and uninformed labor and 13% due to lack of wor&elsupervisiofi.

An article on the importance afety awareness among students studying engineiarthg
U.S showed that in comparison of workplace injungsing workers had greater susceptibility to wilated
injuries. This finding was attributed to risk-tagibehavior in young adults due to hormonal effemghitive
deficiencies, and psychological deficiencies. Yopagple were also noted to ignore minimum safety
requirements in laboratories and machine sfops.

A recent study in Venezuela on work related acdslénthe upper limbs, had results which reveathed t
the most frequent injuries were amputations (12etplving fingers(12%) and hands(6%). Male workerse
more affected (88%) in work related accidents. Hand fingers were the anatomical region predomipant
involved.®

In a study done in a manufacturing company in €yrloccupational diseases and accident insurance
covered only approximately 9.7million employees ofu23million.This was attributed to the deficienafy
insurance schemes, since the schemes did not cogepational health services and compensation. OHS
services are accessible only for workplaces emptpgiore than 50workers. These on-site occupatioeeath
services provided primary care and basic occupaltiogalth services for only 12-15% of all employe®ased
on the study most of the accidents occurred inlssoale work places in Turkey.

Another study on Turkish Hard CBalerprise revealed that thousands of people hed kiled and
tens of thousands injured in work accidents to.ddtest of the injured had become disabled or satfer
psychological problems. The biggest and most trafiguich accidents was the firedamp disaster i2199
According to the analysis results, the number ofdints rose as a result of the disaster in companvith
previous years. The loss of working days increased consequence of the number of fatalities. Suigsely,
the investment required for the continuation ofdarction went up. Inefficiency occurred as the nurrdfe
inputs taken into consideration increaded.

During the 12 months preceding the study by Elexigd, 392 accidents occurred, affecting 72.2% of
miners. Tools handling represented 51.5%, of tleidaats' causes, followed by handling heavy 108@s90%6).
Factors such as age, seniority or apprenticeshipali generate significant differences. Contusioaee the
most common injuries (50.2%), followed by wound4.886). These injuries were located in upper limbs
(50.5%) and in lower limbs (29.3%). 80.5% of mineksre cared for by their colleagues and 50% of theunid
not work for more than 3 days. Physical sequela weported by 19% of the injured minérs.

In another study by Sadeghain et al.tAltof 66 Electricity Distribution Company workensre
determined to be suffering from injuries due toidents. The accidents mostly occurred in the sumB&¥o).
Most of the injured workers (16.7%) belonged todhe groups of 25 to 29 and 40 to 44; there were no
accidents reported for workers who were less tllarABout 48% of the accident victims had to be ftatiped.
Furtrlgrmore, 35% of the accident victims were @rdan outpatient clinics, and 7.4% of the accidectims
died:

In a descriptive study of Opational accidents and their causes among Elggtbdstribution
Company Workers during an Eight-year Period in Irasultsindicated that most of the accidents occurred in
summer, and 51.3% were during shift work. Workegligence (malpractice) was the cause of 75% offdeat
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Type of employment had a significant relationshighwype of injuries |p < 0.05). Most injuries were electrical
burns™*

1.4 Discussion

Hand injuries have been considered tdhhbexumber one most preventable occupational irgacprding
to reports by the U.S Bureau for Labor Statistihile considering multiple finger injuries, the masportant
risk factor was found to be machines. Wood, asaited machines and metal works were said to beniitaied
in as much as half of the multiple finger injuri€mall sized and medium sized enterprises were aifesited
from this process as regards occupational heatitsafety.

In a study on industrial accitbediccurring in small and medium sized furniturenofacturing in

Turkey, the rate of occupational accidents witHimglmachines was 18.8% and half of them were sever
injuries? In this study, milling machines were among the nficesjuently reported machine causing multiple
finger injuries. Milling machines are electricappwered devices with sharp cutters. OSHA recommends
installing safeguards around the milling machineistpof operation so workers are shielded fromaticontact
with the cutting blade. Presses were shown to leeodthe important risk factor for severe handiigj\s in the
previous study, Stan burry et al reported thatgaesvere the most frequently reported machinesr@aband
injuries?®

Injuries of the hand have beeroreggl by Sorrock et al , to have an enormous impadtand
function and quality of life. Hand injuries affedtendividuals in their productive ages and eachripj
regardless of its magnitude were associated witbgaee of disability which in turn limited performee of
occupational and daily activities. The hand isriwst frequent body part injured and its injurieenfrequire
treatment in hospital emergency rooms.

Another study on Turkish Hard Coal Eptése revealed that thousands of people had bdled kind tens
of thousands injured in work accidents to date. tMdshe injured had become disabled or suffered
psychological problems. The biggest and most trafiguch accidents was the firedamp disaster 2199
According to the analysis results, the number ofdints rose as a result of the disaster in companvith
previous years. The loss of working days increased consequence of the number of fatalities and
consequently the investment required for the coatilon of production went up. Inefficiency occuriesithe
number of the inputs taken into consideration iaseef:

Tong and Ding in 2008 examined tifauis used for the safety measurements againstaeaiélents in
China, using the Chames, Cooper and Rhodes modeltafenvelopment analysis. As a result of the
optimization performed they concluded that experfdeds could be saved, the need for safety managem
and technical staff could be eliminated and workiogrs devoted to safety could be reduted.

The relationship between work related fatalitied aguipment in the mining sector was statistically
analyzed by Kecojevic et al and reported that egaipt related deaths rose from 37% to 88% betwe8h a8d
2005. The relationship between working experiemzkthe number of workers killed in equipment redate
incidents was also examined and it was noted tbatavs with less than 5Syears of proper mining exmee
constituted 44% of all fataliti€.

The effects of mining methods on sa#ad productivity in the coal mining industry wstsidied by
San et al who collected accident logs of coal ngrdiampanies with two different layout and by usstatistical
analysis they observed that mechanized layoutsteelsin fewer accidents because safety and prodtyctvere
more developed within these layouts. They alsochtitat the highest accident rate in both methodsfama
middle aged workers.

In 1993, TTK noticed a general increase in thecfficy scores which indicated that considerable
efforts had been made to improve work safety andkers health. By means of the Central Gas Moniigri
Station, which was established to counteract t192 I®edamp disaster in TTK, sudden gas increasss w
monitored and all mining engineers and attendantkiwg underground had methane measuring deviatakn
underground workers had gas masks. Undergrourglrwatns were designed against the danger of gollier
fires caused by pressure decreases in casts araldiist was used to prevent fires from spreadihg.new
safety precautions and inspections ensured thed there no fatal methane and coal dust explosiahthiere
were still seemingly unimportant accidents, suctoase rock falls, back injuries and other injutasised
during the use of equipment that negatively afiétte company and its workets.

The mining sector is stidhave the highest incidence of work accidentsrwtompared to
other sectors. The waste of domestic resourcedwduinsequently causes loss of working days and Falce,
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negatively affects a country’s economy. What makeasng different from other industrial sectorslat the
mining environment is particularly dangerous. Thderground production methods increase risk fadtors
terms of industrial accidents and also becauseis@aitremely important in meeting up with pergisie
increasing demands for energy.

In many parts of the world likeail, industrial accidents with machines tend tqusgified by
employers in a manner that overly emphasizes thietealities of the system and puts undue blaménhen
industrial worker who falls victim of such circuragstes. This practice in Brazil is now denounceitl as
indirectly inhibits prevention. The Ministry of Laband Employment (MTE) came up with a project vahic
focuses on the prevention of industrial accidegtdédveloping a Model of Analysis and Preventior\otidents
(MAPA).

An accident case which ocadingth a worker who was in charge of operating akbrclutch type
mechanical press resulting in amputation of thekends arm. The report by MTE revealed that the éect had
occurred because one of the operators had actittsgetbmmand to lower the hammer when the second
industrial worker was still in the interior of tleachine. Regardless of the barriers that shoul@dmphe
closing of the operational zone, they emphasized#havior of this worker, exploring the cognitaspects of
the incidence. They also assessed the existertcapsfin the operation of the machifi&urther evaluation of
the incidence by the MTE revealed that the safetyjiaets in the said machine gave an illusion oftgafes a
result, the machine was activated when a workerstitisvithin the machines operational system.

This report by the MTE ina&il brought to the fore the need for the followingreventive
interventions to be tailored to workers individahbaracteristics, reducing the creation of trapstaoabting
industrial safety practices and policies that stitstjudgement of behaviors that are involvednidustrial
accidents by analyzing the reasons that led th&eavsito act in a particular manner that exposeunh tiee
industrial acccident’.

A study on how industrial mlemts affected the general efficiency of produtiio Turkish Hard
Coal Enterprise (TTK) between 1987 and 2006 rewkthile sources of technical inefficiencies overaheation
specified. The results showed that 69.7% was tleeatitechnical efficiency, considered as very Iais was
not unassociated with the disaster in 1992. It eeaxluded that industrial accidents had a negatifext on the
efficiency of production. It was noticed based loa $tudy that the greatest degree of technicdidiericy was
when the highest number of work accidents werecadtas welf.

The riskiest mechanism for all tyd injuries involves working with machines. Howeythe
proportion of injuries which were hand related weoticed to be decreasing over time to a signitickgree in
a study in Turkey. This decrease was attributeghtincrease in general preventive measures by raciouérs
of machineries. This may also be due to an incraasgeness of local preventive measure by emplayens as
the provision of personal protective equipmentrtgctive devices added to machines. Within theofean
Union directives in 2001 and 2009 there was an @w@ment in machinery safety regulations in Turkéajclv
highly Ia)és emphasis on safety obligations and rieethe implementation of improved safety meastoes
machines.

A study done by Hart et al 2004 revealed that a number of training programsafety use of
machines were inefficient and that ensuring effectirotection by training may be more difficultaohieve
than is adding a protective part to a machine. sthdy further revealed that in many cases, perqmodéctive
equipment like gloves do not change injury sevdsityonly the type of injury. He was of the opiniirat
changing the design of machines in order to cotthazard from the source may be more of an itapbr
control measure. However, the study by Sherraed lehd a contrary opinion as the benefits of glages
personal protective equipment were obvious. Theystavealed for instance that wearing a steel gtovéhe
left hand when using wood cutters or planning maehiwould protect workers from amputatfon.

In a study that attempted to eixpthe correlation between the safety climate dedsgfety behaviors
of employees of a ship yard operated by TurkishyiN&actors such as “safety and personal proteetipgpment

use training”, “absence of work pressures”, “maiaigce & spares” influenced safety behaviors paditivOn
the other hand, “communication”

factor had a negative influence upon the safetybieh. This finding might be the result of negatperception
about communication factor. Inefficient communioatpractices or lack of effective communicationtsyss
might be responsible for the employee’s dissatigfacnd negative perceptioffs.
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1.5 Recommendations

As far as loss prevention is concernedryewmachine fails and people make mistakes. Togmigvuman
or mechanical errors, the reliability of a systeseds to be assured. However, the emergency respgsteen of
the last line of protection in a plant for instanskeould be activated once personnel and safetggiion devices
fail. The accident should be eliminated or resedirffectively in the beginning so that damagelmfimited’®

Standard protocols regarding industrial accidenistrbe in place to ensure prompt reporting of cases
medical examination and assessment of severitytendeed for compensation. Clinical data compitedf
hospitals who give specialized care have become mformative than official statistics for initiaty and
implementing safety measures for occupational liajudies. This reliance on clinical data is dueutaler-
reporting of industrial accidents and should be imaiy utilized particularly in the 8 world where litigation is
at its minimum, hence, employers are not held autatle for workplace related injuries. In designing
safeguards for machinery, the informal sector ghook be disregarded, as old technology must aso b
considered useful; giving additional precautiomesimany countries of the world still utilize oithnology.

The use of protective equipment niagsenforced with a stricter and more frequent sugien,
possibly with punitive measures when industrial keos fail to comply. Prohibition by Law of the phiase of
machinery by employers that do not provide or gui@eadequate protection of the industrial workéisuld
also be enforced. There is also a need for traiamtyrecertification of safety engineers in allustties.

Employers and employees need to be bditerta assess the risks of industrial accidentsrte and
allocate risks in an efficient way by incorporatimgk premiums in wages. In this case the empleyacentive
to prevent industrial accidents and compensaténscivhen they do occur would be embodied in theevag

: 16
premium.

1.6 Future Research

Research and concerted efforts on ways to imptoetiality and completeness of occupational injury
surveillance systems, particularly in developingroies is needed, as surveillance is the foundatfahe
public health framework as it allows us to estdbhigaseline measures of the magnitude and riskslaitp
health problems-’

Persistent problems that continue to kill industnarkers despite knowledge on how to prevent thequires
that we expand our research to better understash@ddlress the intractability of some injuries ia face of
proven prevention measure, and when feasible, fotiyeutilize engineering approaches to mitigatpuig
hazards.

Research institutions and researchers need to embregaging stakeholders throughout the researtimaam
to ensure that research is relevant to stakehotdensprove worker safety. Furthermore, there isch®
capitalize on new technologies to enhance occuptiojury research, as advances in informatiohretogy
open up new opportunities for research, and idsiinbent that research is adapted to address changerk
and workers in a bid to enhance worker saféty.
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