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RESUMO

A dor no pescocgo tem sido altamente prevalente entre trabalhadores. Em ambiente
ocupacional, fatores de risco fisico, particularmente a postura, sdo considerados
preponderantes no desenvolvimento de dor no pescogo. Contudo, as posturas e os
movimentos dessa regido ndo tém sido adequadamente avaliados no ambiente de
trabalho, devido ao uso de métodos de medida nido confidveis. Além disso, a
maioria dos estudos que avaliam a postura durante as atividades ocupacionais tem
focado na avaliacdo do punho e da mao. Assim, para contribuir com o
entendimento do registro dos movimentos do pescoco em ambiente de trabalho,
trés estudos foram desenvolvidos. O objetivo do primeiro estudo foi investigar as
aplicagdes e limitacdes dos sistemas de medidas diretas para registro do
movimento do pescoco em ambiente de trabalho. Os resultados desse estudo
revelaram que na maioria dos artigos, os trés eixos de movimento do pesco¢o nao
foram registrados simultaneamente. Deficiéncias nos equipamentos disponiveis
explicam esta falha, demonstrando que os sensores e os sistemas precisam ser
melhorados para que um entendimento da real exposicao ocupacional do pescogo
possa ser alcancado. Mais estudos também sdo necessarios para avaliar os
movimentos do pesco¢co em profissionais que realizam trabalho pesado, tais como
enfermeiros e eletricistas, j4 que nenhum artigo avaliando essas ocupagdes foi
identificado. Baseado nesses resultados, uma alternativa para o registro
tridimensional dos movimentos do pescogo em ambiente ocupacional seria o uso
de eletrogoniometros flexiveis. Mas nem os eletrogoniometros, nem os
inclinémetros (medida direta mais comumente usada) foram comparados com um
sistema considerado mais preciso e confidvel. Assim, o objetivo do segundo estudo
foi avaliar a validade concorrente entre eletrogoniometros flexiveis (EGM),
inclinometros (INC) e um sistema de analise tridimensional baseado em registro
de video (IMG) numa coleta de dados simultinea e sincronizada. O EGM
apresentou grandes diferencas quando comparado com o INC e com a IMG. Além
disso, os sensores do EGM restringiram fisicamente a amplitude de movimento
completa de flexo-extensao do pescoc¢o. Inclindmetros, os quais nao podem
registrar o movimento de rota¢do, apresentaram boa validade concorrente em

relacdo a IMG, exceto para o movimento de flexo-extensdo. Devido a condi¢bes



nao-o0timas durante o movimento de flexo-extensdo, a IMG subestimou esses
movimentos. Os resultados dos estudos descritos acima delinearam o terceiro
estudo cujo objetivo foi quantificar as posturas da cabeca, tronco superior e bragos
de técnicos de enfermagem durante a realizagdo de suas atividades ocupacionais e
verificar se ha diferencas entre as posturas dos profissionais com e sem sintomas.
Os resultados mostraram que a maioria das atividades dos técnicos de
enfermagem envolve consideravel risco postural para a cabeca, tronco superior e
bracos. O risco postural variou entre as atividades: houve maior exposicao para a
regido do pesco¢o nas tarefas de separar medicacdo e anotar em prontudrio
médico. Em geral, os trabalhadores com sintomas no pesco¢o e ombro
apresentaram maior amplitude de movimento e maior fracao do tempo gasto em
posturas extremas do que os trabalhadores assintomaticos, mas sem diferenca

significativa entre esses dois grupos.

Palavras-chave: registro do movimento, ambiente ocupacional, dor no pescoco,

validade concorrente, revisdo sistematica, técnicos de enfermagem.



ABSTRACT

Neck pain has been highly prevalent among workers. In occupational settings
physical risk factors, especially posture, are considered fundamental in neck pain
development. However, neck posture and movements have not been properly
evaluated at workplace due to the use of not reliable measurement methods.
Furthermore, most of the studies that evaluate posture during occupational
activities have focused on the wrist and hand assessment. Thus, in order to
contribute with information about neck movements recording in occupational
settings, three related studies were developed. The aim of the first study was to
investigate the applications and limitations of the systems for direct measurement
of neck movement in the workplace. The results of this study showed that in most
of the articles the three axes of neck movement were not simultaneously recorded.
Deficiencies in available equipment explain this flaw, demonstrating that sensors
and systems need to be improved so that a true understanding of real occupational
exposure can be achieved. Further studies are also needed to assess neck
movement in those who perform heavy-duty work, such as nurses and electricians,
since no report about such jobs was identified. Based on these results, an option to
record three-dimensional neck movements in occupational settings is the use of
flexible electrogoniometers. But neither electrogoniometers, nor inclinometers
(direct measurement most commonly used) were compared with a system
considered more accurate and precise. Then, the objective of the second study was
to assess concurrent validity between flexible electrogoniometers (EGM),
inclinometers (INC) and a three-dimensional analysis system based on video
recording (IMG) in simultaneous and synchronized data collection. EGM presented
high differences when compared with INC and IMG. Moreover, the EGM sensors
physically restricted the full neck flexion-extension range of motion. Inclinometers,
which cannot record rotation movement, presented good concurrent validity in
relation to IMG, except for flexion-extension movement. Due to non-optimal
conditions during flexion-extension movement, IMG underestimated these
movements. The results of the studies described above designed the third study
that aimed to quantify the head, upper back and upper arm postures of practical

nurses while performing their occupational activities and to verify if there are



differences between the postures of professionals with and without symptoms.
The results showed that most of the activities of practical nurses involve
considerable postural risk for the head, upper back and upper arms. The postural
risk varied among tasks: there was more exposure for the neck region when
separating medication and keeping medical records. In general, workers with
symptoms in the neck and upper arm region presented greater amplitude of
movement and a higher fraction of time spent in awkward postures than
asymptomatic workers, but with no significant difference between these two

groups.

Key words: movement recording, workplace, neck pain, concurrent validity,

systematic review, practical nurses.
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1. CONTEXTUALIZACAO

Desordens musculoesqueléticas relacionadas ao trabalho sdo definidas como
doencas multifatoriais que acometem a populacao trabalhadora, e em parte sdo
causadas pelo trabalho, e/ou agravadas, aceleradas ou exacerbadas por exposi¢oes
ocupacionais, sendo a principal causa de prejuizo na capacidade para o trabalho
(WEEVERS et al., 2005). Essas condi¢des compreendem um conjunto de doencgas
inflamatdrias e degenerativas que resultam em dor, comprometimento funcional e,
por seu carater cronico, trazem prejuizo a vida familiar, social e produtiva do

individuo (BUCKLE E DEVEREUX, 2002, MELHORN, 1998; PALSSON et al., 1998).

Entre as regides corporais mais afetadas pelas doengas musculoesqueléticas
relacionadas ao trabalho, o pescogo destaca-se por grande incidéncia e prevaléncia
de lesdes no mundo todo. Em ambientes ocupacionais, JENSEN e HARMS-RINGAHL
(2007) observaram prevaléncia de 42-50% de espondilose cervical em dentistas,
de 54-76% em mineiros e de 84% em transportadores de carne. Ja4 GURGUEIRA et
al. (2003) e BOS et al. (2006) encontraram que a prevaléncia de sintomas no

pescoco em enfermeiros variava entre 28-48%.

Essa elevada prevaléncia de lesdes e sintomas no pesco¢o implica em 6nus
tanto para empresas privadas como para o setor publico, com os gastos relativos a
saide dos trabalhadores. E estimado que 5,4 milhdes de dias trabalhados sao
perdidos anualmente devido ao tempo fora do trabalho em fung¢ao das desordens
no pesco¢o e membros superiores na Gra-Bretanha (BUCKLE e DEVERAUX, 2002).
Na Holanda em 1995, os custos com afastamentos e despesas médicas foram em
torno de 7,5 bilhdes de doélares. Por volta de 40% desses gastos foram com doengas
musculoesqueléticas relacionadas ao trabalho, dentre as quais estdo as lesdes do

pescoco (KONINGSVELD et al. apud ARIENS et al., 2000).

A dor no pescoco é assumida como uma doen¢a multifatorial, ou seja, varios
fatores de risco contribuem para o seu desenvolvimento. Esses fatores de risco
podem ser relacionados ao trabalho ou ndo, e sdo divididos em trés categorias:
fisicos/biomecanicos, psicossociais, organizacionais e individuais (ARIENS et al,,

2000).



Os fatores de risco fisicos/biomecanicos sdo considerados preponderantes no
desenvolvimento de dor no pesco¢co no ambiente ocupacional, sdo eles: flexao
repetida ou manuteng¢do do pescoco fletido por periodos prolongados no trabalho,
posturas extremas de flexo-extensdo ou atividades que exijam a rotagdo e
inclinacdo do pescoco, cargas estaticas nos musculos do pesco¢co e ombro, trabalho
fisico pesado e tarefas de precisao ou vibracao transmitida através dos membros
superiores (AKESSON et al,, 1997; BERNARD, 1997; ARIENS et al., 2000; JENSEN e
HARMS-RINGDAHL, 2007; PALMER e SMEDLEY, 2007). Contudo, as posturas
extremas e estaticas representam os fatores de risco fisico que mais contribuem
para o desenvolvimento de lesdes no pescoc¢o, segundo o Instituto Nacional para
Seguranca e Saude Ocupacional -NIOSH- (BERNARD, 1997). Isso porque a
sobrecarga mecanica nos tecidos, ocasionada pela postura, pode ser um

importante elemento promotor de dor e desconforto (COURY, 1999).

A associac¢do entre posturas inadequadas e desenvolvimento de lesao revela a
necessidade de que o movimento que ocorre em ambiente ocupacional seja
registrado, jA que através do registro é possivel quantificar e identificar as
posturas extremas ou aquelas cuja configuracdo espacial determine menores
vantagens biomecanicas para a execucdo de tarefas. Além disso, a partir das
andlises posturais é possivel a realizacdo de intervengdes que contribuam para a
reducdo do desconforto musculoesquelético, aumento da eficiéncia dos
movimentos dentro de limites seguros, prevencao de acidentes e melhora do

desempenho dos trabalhadores (COURY,1999).

Apesar da relevancia, obter medidas posturais no ambiente ocupacional requer
uma série de medidas que envolvem custos, disponibilidade de tempo,
treinamento de avaliadores, aquisicdo de equipamentos, entre outros.
Tradicionalmente, as posturas e movimentos tém sido registrados por protocolos
graficos e observacionais tais como: Avaliacdo Rapida dos Membros Superiores -
RULA- (MCATAMNEY e CORLETT, 1993) e Avaliacdo Rapida do Corpo Inteiro -
REBA- (HIGNETT e MCATAMNEY, 2000). Estes protocolos tém a vantagem de
serem baratos e praticos para uso em muitos locais de trabalho, entretanto,
apresentam limitagdes como: subjetividade, baixa precisdo, necessidade de

observadores altamente treinados e pouca aplicabilidade a tarefas dinamicas,
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limitando-se a atividades estaticas e repetitivas (VAN DER BEEK e FRINGS-
DRESSEN, 1998; YEN e RADWIN, 2002). Além de suas validades interna e externa
serem questionaveis (JUUL-KRISTENSEN et al., 1997). Apesar dessas limitacgdes,
em algumas situagdes ocupacionais estas sdo as Unicas formas possiveis de

registro.

Por outro lado, estudos que utilizam medidas biomecanicas quantitativas
(medidas diretas) sdo mais precisos e confidveis. Além disso, apresentam
aplicabilidade tanto para tarefas estaticas quanto dinamicas e envolvem
articulagées variadas (JUUL-KRISTENSEN et al, 2001). Entretanto, esses
instrumentos de medida sdo complexos e podem influenciar a realizacdo da tarefa,
fazendo com que a atividade avaliada ndo seja representativa da tarefa real

(COURY, 1999).

Dentre as técnicas de medida direta para as diversas articulagdes, os
eletrogoniémetros flexiveis e os inclinémetros tém se destacado, pois apresentam
as vantagens de serem leves, portateis e simples de operar (CAMPBELL-
KYUREGHYAN et al,, 2005; ROWE et al,, 2001; SPIELHOLZ, 1998; TESIO et al.,,
1995), sendo aplicaveis tanto ao ambiente clinico quanto ao ocupacional (BALL E
JOHNSON, 1993; CAMPBELL-KYUREGHYAN et al, 2005). Além de avalia¢des

iniciais desses sistemas sugerirem que possam ser precisos e confiaveis (HANSSON

etal.?, 2001; HANSSON et al., 2004; SHIRATSU e COURY, 2003).

Apesar das varias técnicas de registro postural existentes, as posturas e
movimentos do pesco¢o, adotados no ambiente ocupacional, ndo tém sido
devidamente avaliados. Dentre as pesquisas que realizam avaliacdo da exposicao
fisica para a regiao do pescoco, o principal problema é a nao utilizacdo de métodos
de medida padronizados e de qualidade aceitavel (ARIENS et al., 2000). Além disso,
a maioria dos estudos nao faz observacdes ou medidas pertinentes dessa
articulagao, pois adotam como foco primario o registro das articulagdes do punho e

da m3o (BERNARD, 1997).

Nesse contexto, o primeiro estudo apresentado nesse trabalho teve por objetivo

investigar, por meio de uma revisdo sistematica da literatura, a aplicabilidade e as
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limitagdes das técnicas de medida direta disponiveis para registrar os movimentos
do pescoco em ambiente ocupacional. Os resultados dessa revisao apontaram para
uma escassez de estudos avaliando os trés eixos dos movimentos cervicais
simultaneamente. Isso ocorreu devido as deficiéncias dos equipamentos
atualmente disponiveis, indicando a necessidade do desenvolvimento de novos
equipamentos ou o aprimoramento dos ja existentes. Qutra lacuna identificada na
literatura por esse estudo foi a auséncia de estudos que avaliassem a postura e os
movimentos do pescoc¢o de trabalhadores realizando atividades consideradas mais

pesadas e variadas, tais como as atividades de enfermeiros e de eletricistas.

A partir desses resultados, uma alternativa para o registro dos trés eixos de
movimento do pescogo em ambiente ocupacional seria a aplicacio de
eletrogoniémetros flexiveis, visto que esses sdo equipamentos portateis e que
quando combinados a torsidmetros permitem o registro tridimensional dos
movimentos do segmento avaliado. Contudo, os eletrogoniémetros flexiveis e os
inclindmetros (equipamento mais utilizado para o registro de movimentos
bidimensionais do pescoco em ambiente ocupacional) nao foram comparados com
um outro equipamento considerado mais acurado e preciso como os sistemas
tridimensionais de analise de imagens. Assim, um segundo estudo foi proposto
com o objetivo de avaliar a validade concorrente entre eletrogonidometros flexiveis,
inclindbmetros e um sistema tridimensional de imagens baseado em registro de

video.

0 segundo estudo apontou que apesar de aplicaveis a ambientes ocupacionais,
os registros dos eletrogoniémetros flexiveis apresentaram diferencas relevantes
quando comparados aos registros do sistema de imagens e aos inclinometros, além
de restringirem fisicamente a realizacdo da amplitude de movimento completa de
flexo-extensdo do pescoco. Ja os inclindmetros, apesar de ndo registrarem a
rotacdo do pescoco, apresentaram boa validade concorrente quando comparados
ao sistema de imagens, exceto para o movimento de flexo-extensdo. O sistema de
imagens, devido a condi¢cdes ndo-Otimas relacionadas a reconstrucdo dos

marcadores, subestimou as amplitudes de movimento de flexo-extensdao do

pescoco.



Assim, a partir dos resultados dos dois estudos descritos anteriormente, um
terceiro estudo foi proposto com o objetivo de avaliar, por meio de inclinémetros,
os padroes de movimento da cabeca, tronco superior e membros superiores em
técnicos de enfermagem com e sem dor cervical. Os profissionais de enfermagem
foram avaliados tendo em vista a elevada prevaléncia de sintomas de dor na regido
do pescogco e membros superiores desses profissionais, além da auséncia de
estudos que avaliassem a sobrecarga postural a que esses trabalhadores estdo

expostos durante a realizacdo de suas atividades ocupacionais.

Os resultados desse estudo indicaram que os técnicos de enfermagem de uma
Unidade de Terapia Intensiva apresentam alta sobrecarga postural nas regioes do
pescoco e membros superiores para todas as atividades realizadas em ambiente
ocupacional. Particularmente, as tarefas de separar medicacdo e fazer anotagdes
em prontudrio médico merecem atencdo, pois além da maior exposi¢do postural,
essas atividades também apresentaram maior dura¢do no turno de trabalho. Em
relacao a comparacdo dos trabalhadores com e sem sintomas, ndo houve diferenca
estatistica na sobrecarga postural entre esses dois grupos. Contudo, os individuos
sintomaticos apresentaram maiores amplitudes de movimento e fracdes de tempo

gasto em amplitudes extremas do que os sujeitos assintomaticos.

Os estudos desenvolvidos sdao apresentados a seguir. O primeiro estudo foi
publicado no periddico internacional Sensors (Basel) (CARNAZ et al., 2010). O
segundo estudo estd em fase final de redacdo para submissdo ao Journal of
Electromyography and Kinesiology e o terceiro estudo foi submetido ao periédico
International Journal of Nursing Studies. Os textos originais estdo apresentados nos

ANEXOS A, B e G, respectivamente.



2. PRIMEIRO ESTUDO
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2. PRIMEIRO ESTUDO

UMA REVISAO DAS MEDIDAS DIRETAS DO PESCOCO EM AMBIENTE
OCUPACIONAL.

RESUMO

Nenhuma diretriz esta disponivel para orientar pesquisadores a respeito da
viabilidade e aplicabilidade de equipamentos e sensores para registrar, de forma
precisa, os movimentos do pesco¢o em ambiente ocupacional. Nesse estudo,
relatos a respeito do uso de medidas diretas para o registro dos movimentos do
pescoco em ambiente ocupacional foram revisados. Dois revisores independentes,
usando palavras-chave relevantes, pesquisaram nas seguintes bases de dados para
a selecdo de estudos elegiveis: Cinahal, Cochrane, Embase, Lilacs, PubMed,
MEDLINE, PEDro, Scopus e Web of Science. Depois de aplicar o critério de inclusao,
dos 33666 titulos iniciais, 13 artigos que usavam métodos de medida direta para o
registro dos movimentos do pesco¢co em ambiente ocupacional foram recuperados.
Esses estudos foram metodologicamente avaliados considerando as caracteristicas
de seu desenho, avaliacdo da exposicdo e resultados, e andlise estatistica. Os
resultados mostraram que os trés eixos de movimento do pescog¢o (flexo-extensao,
inclinacdo e rotacdo) ndo foram simultaneamente registrados na maioria dos
estudos revisados. Deficiéncias nos equipamentos disponiveis explicam essa
lacuna e indicam que sensores e sistemas precisam ser melhorados para permitir o
entendimento da real exposicdo ocupacional. Ainda, mais estudos sdo necessarios
avaliando os movimentos do pescoc¢o de trabalhadores em atividades pesadas, tais
como enfermeiros e eletricistas, jA que nenhum artigo foi identificado avaliando

tais ocupacaoes.

Palavras-chave: equipamentos portateis, medidas diretas, movimentos cervicais e

exposicao ocupacional.



2.1 INTRODUCAO

Os distdrbios no pescogo relacionados ao trabalho estdo associados a um alto
grau de dor e incapacidade na populagio trabalhadora (COTE et al., 2008). Esse
fato pode ser evidenciado pelos altos indices de prevaléncia de dor e lesdes
musculoesqueléticas no pescoco em diferentes grupos ocupacionais, tais como,
dentistas - 48% (AKESSON et al,, 1999), enfermeiros - 45,8% (TRINKOFF et al.,
2002), atendentes de telefone - 43,2% (ROCHA et al,, 2005) e trabalhadores de
escritério - 63% (KAMWENDO et al., 1991), dentre outros.

A origem desses distirbios musculoesqueléticos é considerada multifatorial
(ARIENS et al., 2000), sendo que tem sido demonstrada forte associacdo entre
fatores de risco biomecanicos, como posturas e movimentos, e a ocorréncia de dor
no pescogo relacionada ao trabalho (BERNARD, 1997; COSTA e VIEIRA, 2010). Isso
porque, a adocao de posturas inadequadas afeta a cinemdtica articular e o
recrutamento muscular promovendo um aumento da carga compressiva na coluna

cervical e gerando dor e distdrbios na regido (SZETO et al., 2005).

Essa associacdo entre posturas inadequadas e desenvolvimento de lesdo
musculoesquelética revela a necessidade de se registrar as posturas e movimentos
do pescoco em ambiente ocupacional para que esses aspectos possam ser
quantificados e avaliados (COURY et al., 1999). Entretanto, ARIENS et al. (2000) em
uma revisdo da literatura relataram escassez de estudos que avaliassem a
exposicao fisica do pescogo por meio de métodos de medida direta padronizados e

de qualidade aceitavel.

Nesse sentido, novos equipamentos portateis, tais como eletrogonidometros e
inclindmetros, foram disponibilizados na dltima década para o registro da postura
e dos movimentos em ambiente ocupacional. Avaliagdes iniciais desses sistemas de

medida direta sugerem que possam ser precisos e confidveis (SHIRATSU e COURY,
2003; HANSSON et al., 2001%; HANSSON et al, 2004). Outras caracteristicas

desejaveis é que sejam faceis de operar e que nado interfiram na realizacdo do
trabalho (TESIO et al.,, 1995, SPIELHOLZ, 1998; ROWE et al., 2001; CAMPBELL-
KYUREGHYAN et al, 2005). Além disso, seria recomendavel que pudessem



permitir avaliacbes abrangentes de todos os movimentos do pescoco e que

apresentassem sensibilidade para identificar pequenas variagdes de movimentos.

Assim, o objetivo dessa revisdo foi investigar a aplicabilidade e limitacoes
das técnicas de medida direta disponiveis na literatura utilizadas para registrar os
movimentos do pescoco em ambiente ocupacional. Para tal, estudos de qualidade
metodoldgica foram identificados e avaliados quanto a tipos de movimentos do
pescoco registrados, grupos ocupacionais avaliados e principais resultados

obtidos.
2.2 METODOS
2.2.1 Estratégias de busca na literatura

Uma pesquisa nas bases de dados Biblioteca Cochrane, Cinahl, Embase, Lilacs,
Pedro, Pubmed/Medline e Web of Sience/Science Direct foi conduzida usando as
seguintes palavras-chave: neck, cervical spine, head, posture, movement, risk
factors, work exposure, occupational exposure, work related musculoskeletal
disorders, pain, symptom, discomfort, recording, workplace, worksite, work, job e
occupational activity. Cada base de dados eletronica foi pesquisada para identificar
estudos publicados na lingual inglesa a partir do primeiro ano disponivel até o més

de junho de 2009.
Critérios de inclusdo

Os critérios de inclusdo desta revisao foram atender simultaneamente aos
aspectos: realizagcdo de medidas diretas da postura e ou movimentos do pescogo de

trabalhadores ativos em ambiente ocupacional.
Critérios de exclusdo

Todos os estudos que nao atenderam, simultaneamente, aos 3 critérios de

inclusdo acima descritos foram excluidos desta revisao.
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2.2.2 Procedimentos de identificacdo dos estudos

Inicialmente, dois revisores independentes selecionaram os estudos com base
nos titulos, excluindo aqueles claramente nao relacionados com o tema da revisao.
A seguir, todos os titulos selecionados tiveram seus resumos analisados para
identificar aqueles que atendessem aos critérios de inclusao. Os textos completos
dos artigos potencialmente relevantes foram recuperados para avaliacdo final. As
listas de referéncias desses artigos foram checadas, de forma independente pelos
dois revisores, para identificar estudos potencialmente relevantes, que nao tinham
sido recuperados pela busca eletronica. Possiveis discordancias durante o

processo foram solucionadas por consenso.
2.2.3 Procedimentos de avaliacao dos estudos

Os dois revisores avaliaram de forma independente a qualidade metodologica
dos estudos usando uma adaptacdo da lista de critérios (Tabela 1) proposta por
ARIENS et al. (2000) para avaliagio da qualidade metodolégica de estudos
observacionais. Essa lista avalia os estudos em relagdo a sua validade e precisao,
contemplando as seguintes categorias: objetivo do estudo, populacdo estudada,
medidas de exposicdo, medidas de resultado e apresentacdo e andlise dos dados.
Como o objetivo dessa revisdo foi avaliar a qualidade metodolégica dos estudos
considerando as medidas de exposicao fisica, apenas os itens da escala de ARIENS
et al. [6] que estavam altamente associados com a qualidade das medidas diretas
foram considerados. Além disso, como apenas estudos transversais atenderam ao
critério de inclusdo do presente estudo, os itens da escala relacionados a estudos
caso-controle e coorte foram excluidos. A Tabela 1 mostra em destaque os itens

que foram efetivamente avaliados.
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Tabela 1. Descricdao dos itens da lista de avaliacdo da qualidade dos estudos

proposta por ARIENS et al. (2000). Os itens em destaque foram utilizados por essa

revisdo para avaliagdo da qualidade dos estudos incluidos.

Item categories with different item definitions

Study purpose

A. Positive IF a specific, clearly stated purpose was described
Study design

B. Positive if the main features (description of sampling frame, distribution by age
and gender) of the study population were stated.

C. Positive if the participation rate at the beginning of the study was at least 80%

D. Positive if the cases and referents were drawn from the same population and a
clear definition of the cases and referents was stated. Person with neck pain in the
last 90 days had to be excluded from the reference group

E. Positive if the response after 1 year of follow-up was at least 80% or if the
nonresponse was not selective

Exposure measurements

F. Positive if the data on physical load at work were collected and used in the
analysis

G. Positive if the data on physical load at work were collected and used using
standardized methods of acceptable quality

H. Positive if the data on psychosocial factors at work were collected and used in
the analysis

L. Positive if the data on psychosocial factors at work were collected and used using
standardized methods of acceptable quality

J. Positive if the data on physical and psychosocial factors during leisure time were
collected and used in the analysis

K. Positive if the data on historical exposure at work were collected and used in the
analysis

L. Positive if the data on history of neck disorders, gender, and age were collected
and used in the analysis

M. Positive if the exposure assessment was blinded with respect to disease status
N. Positive if exposure was measured in an identical way among the cases and
referents

0. Positive if the exposure was assessed at a time prior to the occurrence of the
outcome

Outcome measurements

P. Positive if data on outcome were collected using standardized methods of
acceptable quality

Q. Positive if incident cases were used (prospective enrollment)

R. Positive if the data on outcome were collected for at least 1 year

S. Positive if the data on outcome were collected at least every 3 months

Analysis and data presentation

T. Positive if the statistical model used was appropriate for the outcome studied
and the measures of association estimated with this model were presented
(including confidence intervals)

U. Positive if the study controlled for confounding

V. Positive if the number of cases in the multivariate analysis was at least 10 times
the number of independent variables in the analysis

Design?
Cr Ca
Cr Ca
Cr Ca
Ca

Pr

Cr Ca
Cr Ca
Cr Ca
Cr Ca
Cr Ca
Cr Ca
Cr Ca
Cr Ca
Ca

Ca

Cr Ca
Ca

Pr

Pr

Cr Ca
Cr Ca
Cr Ca

Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr
Pr

I, V/Pb

V/P
V/P

V/P

V/P
V/P
V/P
V/P
V/P

V/P

V/P
V/P

V/P
V/P

V/P

V/P
V/P

aThis column shows whether the item was used in the quality list for cross-sectional (Cr), case-referent (Ca) or

prospective cohort (Pr) studies.

b This column shows if the stated item was an information (I) or a validity /precision item.

¢ This item was scored positive if one of the following criteria was met: (i) for direct measurements, intraclass
correlation coefficient >0.60 or kappa >0.40; (ii) for observational methods, intraclass correlation coefficient

>0.60 or kappa >0.40; for the inter- or intraobserver reliability.

d This item was scored positive if one of the following criteria was met: (i) for self-reported data, intraclass
correlation coefficient >0.60 or kappa >0.40; (ii) for registered data, data must show that the registration
system was valid and reliable; and (iii) for physical examination, intraclass correlation coefficient >0.60 or

kappa 0.40 for the intraobserver reliability.

12



2.2.4 Avaliac¢ao da qualidade metodolégica propriamente dita

Os estudos incluidos foram avaliados por meio dos itens da escala adaptada
recebendo sinal positivo (+) ou negativo (-) quando o método, respectivamente,
contemplasse ou nao o item analisado. O item com informagdo ndo claramente
descrita foi assinalado como nao descrito (ND). Os itens classificados como
positivos receberam 1 ponto. Como eram 6 os itens de interesse na escala,
teoricamente, a soma total desses itens poderia gerar um total de 6 pontos. No
entanto, um dos itens (Medidas de Exposicdo Fisica Item F, Tabela 1) era também
parte dos critérios de inclusdao do estudo, o que tornava redundante considera-lo
também para a avaliagdo da qualidade metodoldgica. Assim, considerando-se os
itens passiveis de receber pontuacdo, um estudo poderia atingir um total maximo
de 5 pontos. Com base nessa pontuacao, os estudos foram categorizados como de
alta qualidade metodolégica quando obtivessem pelo menos 3 pontos (> 50%) nos

itens pontuaveis (ARIENS et al., 2000; HOOFTMAN et al., 2004).

Cada estudo foi classificado quanto a sua qualidade metodolégica por dois
revisores independentes, sendo que as discordancias entre eles foram discutidas
até que se alcancasse um consenso. Quando uma concordancia ndo era alcancada,
um terceiro revisor (pesquisador sénior) era consultado para realizar o

julgamento final.
2.2.5 Extracdo dos Dados

Os revisores extrairam, de forma independente, as seguintes informacdes dos
artigos: o nome do equipamento utilizado para o registro postural do pescoco, os
tipos de movimentos registrados pelo instrumento (flexo-extensao, inclinacao e
rotacdo do pescoc¢o), a duracdo do registro postural, o objetivo do estudo, o
numero de sujeitos avaliados, a atividade ocupacional avaliada, e os resultados

numéricos do registro da postura ou dos movimentos do pescogo.
2.2.6 Niveis de Evidéncia

Sistemas de pontuacdo para niveis de associacdo entre risco e
desenvolvimento de lesdo musculoesquelética, considerando estudos de coorte,

caso-controle e transversais, sdo largamente utilizados por revisdes de estudos
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observacionais em ambiente ocupacional (ARIENS et al, 2000, HOOFTMAN et al,,
2004). Contudo, ndo coube a utilizagdo de qualquer desses sistemas nessa revisao,
visto que ndo houve estudos de coorte ou caso-controle associando riscos
presentes em ambiente ocupacional e desenvolvimento de lesdo
musculoesquelética que atendessem aos critérios de inclusdo desse estudo. Assim,
somente estudos transversais que registrassem posturas por meio de medidas
diretas em contexto ocupacional foram incluidos. Dentro desse contexto, os
estudos incluidos avaliaram outros aspectos, tais como, comparag¢des entre

individuos sintomaticos e assintomaticos, entre géneros, etc.

Os niveis de evidéncia para os estudos transversais dessa revisdo foram
estabelecidos a partir de critérios propostos por Bradford-Hill (SACKETT et al,,
2000):

v Forte evidéncia: Dois ou mais estudos de alta qualidade com

resultados multivariados consistentes;

v' Moderada evidéncia: Um estudo de alta qualidade ou dois estudos de

baixa qualidade com resultados multivariados consistentes;

v’ Limitada evidéncia: Um estudo de baixa qualidade ou resultados ndo

ajustados;

v’ Conflituosa evidéncia: Estudos inconsistentes com a mesma
qualidade metodoldgica (consistente alta qualidade ou consistente baixa

qualidade).

2.3.RESULTADOS E DISCUSSAO
Busca eletrénica

A busca eletronica resultou em um total de 33666 referéncias, das quais 8108
foram identificadas como titulos repetidos, portanto, 25558 ficaram disponiveis
para andlise dos revisores. Cada revisor leu, de forma independente, o total de

titulos recuperados e destes, 1576 titulos foram considerados pertinentes.
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Esses resumos foram lidos pelos revisores de forma independente e, apés nova

andlise de pertinéncia, 23 foram considerados pertinentes ao tema da revisdo. Os

textos completos desses estudos foram localizados e lidos. Destes, 10 artigos foram

excluidos pelos seguintes motivos: ndao descreveram os métodos e ou os

equipamentos utilizados

para o registro postural,

pela participacdo de

trabalhadores afastados ou, por simularem as atividades ocupacionais. Portanto,

13 estudos foram incluidos nesta revisao. As etapas de selecdo dos estudos podem

ser observadas na Figura 1.

Total de titulos
recuperados
(33666)

Titulos incluidos
no estudo (25558)

Titulos nao-
pertinentes (23982)

Titulos repetidos

(8108)

Andlise consensual
entre os revisores

Titulos pertinentes
(1576)

pertinentes (1553)

Resumos niao

Analise consensual

entre os revisores

Resumos
pertinentes (23)

Andlise consensual
entre os revisores

Artigos completos
nao pertinentes
(10)

Artigos completos
pertinentes (13)

Figura 1. Etapas seguidas para a selecdo dos 13 artigos completos incluidos no estudo.
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Caracteristicas dos estudos incluidos

A Tabela 2 apresenta as principais caracteristicas dos 13 estudos incluidos
na revisao, a saber: 1) equipamento utilizado para o registro postural e duracao do
registro, 2) movimentos do pescoco registrados, 3) objetivo do estudo, 4) atividade

ocupacional e nimero de sujeitos avaliados e, 5) resultados apresentados.
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Tabela 2. Equipamentos utilizados, duragdo do registro postural, objetivo das medidas, atividades ocupacionais e principais resultados

dos estudos incluidos na revisao.

. Equipamento e duragdo do  Movimentos e . Atividade Ocupacional e
Artigo Registro Postural registrados Objetivo das Medidas numero de trabalhadores* Resultados
Trabalhadores Industriais
o Fisidbmetro ~ Analisar a posicdo do membro Total: Ndo descrito Flexdo da cabeca foi negativamente correlacionada
AARAS Flexdo/ . ; ~ .
(1988) extensio superior e da cabeca como um Incluidos: 14 trabalhadores com a flexdo do brago e com a carga no musculo
-Aprox. 1 hora- indicador de carga no ombro. (11 mulheres, 3 homem) trapézio (porgao superior).
Avaliados: 14 trabalhadores
A carga postural influenciou os afastamentos. Contudo,
~ a flexdo da cabeca influenciou a carga do trapézio
Estudar a relacdo entre carga . o
. muito menos do que a posi¢do do brago.
Fisiometro postural para um grupo de Trabalhadores Industriais Os trabalhadores dos sistemas 10C e 11B
AARAS et Flexdo/ trabalhadores e o Total: 331 trabalhadores apresentaram maior flexio de cabeca comparados com
al. (1988) extensio desenvolvimento de disturbio Incluidos: 331 trabalhadores P . ¢ P .
-Aprox. 1 hora- " - ; ~ . os trabalhadores do sistema 8B. As medidas
musculoesquelético relacionado  Avaliados: Ndo descrito o~ ~ 1 o o
20 tempo de emprego mostraram uma variagio da flexdo média de 39° a 58
' para 10C, de 15° a 48° para 11B e de 9° a 31° para o
8B, respectivamente.
Ndo houve diferencas relevantes entre dentistas
sintomaticos e assintomaticos para os movimentos de
flexo-extensdo, mas maiores diferencas foram
identificadas quando os movimentos de flexdo lateral
- Dentistas foram analisados.
Descrever os potenciais fatores N . A .
o Inclindmetros de risco para pesco¢o e membros Total: Nao descrito Angulos da cabega:
AKESSON (Logger Teknologi) Flexdo/ superiores em mulheres dentistas Incluidos: 12 trabalhadores 1) Flexdo/extensao: Assintomaticos: 41(7);
etal &8 & extensdo e ~ cIZ)m aracio entre individuos Avaliados:12 trabalhadores Sintomaticos: 42(11)
(1997) . flexao lateral . parag . " (6 sintomaticos, 6 2) Flexdo lateral: Assintomaticos: 50(6);
-16 min- sintomaticos e assintomaticos. . P : -
assintomaticos) Sintomaticos: 24(7)
Angulos da Porg¢do Superior das Costas
1)  Flexdo/extensdo Assintomaticos 26(4);
Sintomaticos : 19(8)
2) Flexdo lateral: Assintomaticos 25(7);

Sintomaticos : 13(3)




Equipamento e duragdo do  Movimentos Atividade Ocupacional e

Artigo Registro Postural registrados Objetivo das Medidas numero de trabalhadores* Resultados
Controladores de trafego A sobrecarga postural mostrou apenas pequenas
aéreo diferencas entre os géneros.
ARVIDSSON ' [nclinémetros Flexdo/ Avaliar a carga fisica em um Total: 187 trabalhadores Angulos da cabeca (p>0.05): Mulheres: 8°; Homens:
etal, (Logger Teknologi) extensdo grupo de homens e mulheres. Incluidos: 187 trabalhadores 12°.
(2006)2 Avaliados: 14 trabalhadores Angulos do tronco superior (p>0.05): Mulheres: 13°;
-59min (56-65)- (7 mulheres, 7 homens) Homens: 12°.
Houve grandes diferencas na carga
Inclindmetros musculoesquelética entre os sistemas, antigo e novo.
(Logger Teknologi) Avaliar a exposicdo fisica, em Controladores de  trafego Durante as pausas, as amplitudes de movimento do
termos de postura, movimentos e aéreo p;sscog(()iforam maiores do que durante o trabalho.
. . . ~ ’ ~ . Flexdo do pescogo
ARVIDSSON Sistema antigo: 59 min Flexao{ carga muscular entr,e ) Totali Néo descrito 1) MulherSS (p<90.05 antigo vs. novo; p<0.05 pausa vs.
etal. 56-65) extensdo controladores de trafego aéreo Incluidos: 14 trabalhadores trabalho no sistema antigo e novo) ’
b Sistema novo: 51 min realizando a mesma tarefa Avaliados: 14 trabalhadores ) &
(2006) o Antigo: 37(4); Novo: 28(10); Pausa:50(5)
(46-55) usando dois sistemas. (7 mulheres, 7 homens) .
Intervalo: 40 min (30-49) 2) Homens ( p<0.05 pausa vs. trabalho no sistema
' antigo e novo):
Antigo: 35(9); Novo:26(14); Pausa:50(9)
Controladores de trafego
A Avaliar se mulheres com aéreo ~ ~ e e
ARVIDSSON Inclinbmetros . Flexdo/ desordens musculoesqueléticas Total: 70 trabalhadores Flexao/ext.ensaol (.jo pescogo (p>0.05): Sintomaticos:
(Logger Teknologi) ~ . L . . 44(9); Assintomaticos: 42(10).
etal, extensdo e definidas clinicamente realizam o  Incluidos: 70 trabalhadores Flexdo lateral do pescoco (p>0.05): Similar em
(2008) . flexdo lateral trabalho de forma diferente das Avaliados: 24 trabalhadores : - 0 bescog p=Uo):
-56 min (36-66)- L. . - sintomaticos e assintomaticos.
mulheres saudaveis. (13 sintomaticos, 11
assintomaticos)
Inclindmetros ggigaﬁgzti:edrzfgzicrzssamento Angulos da cabeca (p<0.05 manual vs. semi-
(Logger Teknologi) s automatico, manual vs. automatico,
Quantificar mudanca na carga Total: 152 trabalhadores semi-automatico vs. automatico)
BALOGH et Flexdo/ fisica como conseqiiéncia de um  Incluidos: 152 trabalhadores .
1.5 horas (manual) ~ . . . Manual: 10th: 4(1;6); 90th: 29(27;31)
al. (2006) i . extensdo desenvolvimento técnico gradual Avaliados: 31 mulheres . L
1 hora (linha semi- N ~ . Semi-automatico: 10th: -1(-4;2); 90th:
o . de trés geracdes de sistemas. operadoras (25 manual e
automatica) e 4 horas (linha semi-automatico e 6 linha 21(18;24)
automatica) automatica) Automatico: 10th: -10(-17;-2); 90th: 31(24;38)
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. Equipamento e duragdo do  Movimentos o . Atividade Ocupacional e
Artigo Registro Postural registrados Objetivo das Medidas numero de trabalhadores* Resultados
Inclindmetros DT usando o mouse
) Angulo da cabega: 10th: 4(-3-15); 90th: 21(13-33)
(Logger Teknologi) A ~ h
. ;s Angulo da porg¢do superior das costas: 10th: 5(-13-
Determinar a carga fisica no
. 33);m90th: 12(-9-46)
Desenho de Tabelas (DT): pesco¢o e membros superiores de S
. . . Trabalhadores de computador Comparando as aplicagdes:
= 1) mouse: 26 min desenbhistas assistidos por . . R
BYSTROM . ~ . Total: 16 trabalhadores As diferengas inter-individuais sdo grandes para a
2) teclado: 25 min Flexdo/ computador (CAD), e avaliar o ; ~ .
etal. L . L Incluidos: 15 trabalhadores porgdo superior das costas.
extensio impacto de dois diferentes . . e
(2002) . . L Avaliados: 9 trabalhadores Comparando os dispositivos:
Modelagem de sélidos (SM): sistemas de CAD, dois diferentes ~ . L
. . o (homens) Ndo foram encontradas diferengas significantes
1) mouse: 23 min dispositivos de entrada de dados . o
. . . quando os dispositivos foram comparados.
2) keyboard: 22 min e as posi¢des sentada e em pé. .
Comparando sentado e em pé
, . Na postura em pé, a flexdo da cabeca foi maior e da
Em pé: 13 min = .
porgdo superior das costas menor.
Empilhadeiras
Cabega estava rodada para a esquerda quando
Motoristas dirigindo, e para a direita quando manuseando
Total: Nao descrito mercadorias. Quando muito acima do chdo, extensdo
Potenciémetros  Elétricos Incluidos: 16 trabalhadores da cabe¢a em combinagdo com a rotagao.
(Nickometer,Goteborg) Flexdo/ Identificar causas importantes da  Avaliados:16 trabalhadores M4quinas Florestais
EKLUND et Extensao, carga postural para o trabalho (3 mulheres, 13 homens) Maior rotagdo da cabecga foi identificada para a cabine
al. (1994) Empilhadeiras: 40 min; flexdo lateral dos motoristas, especialmente 5 empilhadeiras giratéria quando comparada com outras maquinas.
Maquinas florestais:30 min e rotagdo quanto a postura da cabeca. 9 maquinas florestais Guindastes

Guindastes: 40 min

2 guindastes

Guindaste convencional demandou maior flexdo de
tronco superior, a qual foi compensada com leve
extensdo da cabeca quando comparado com o
guindaste redesenhado, onde houve menor flexdo
lateral da cabeca.
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. Equipamento e duracdo do  Movimentos . . Atividade Ocupacional e
Artigo Registro Postural registrados Objetivo das Medidas numero de trabalhadores* Resultados
Trabalhadores de escritério Considerando as posturas, houve pouca concordancia
Total: 363 trabalhadores de entre a exposicdo avaliada por meio de questionario e
escrit.(')rio medidas técnicas.
A Trabalha com a cabega:
;r;clli:g;[si;)izgg.esponderam 1) Extensdo: Trabalhadores de escritério (k=0.18);
Inclindmetros Avaliar a concordancia entre a Megi dos: 41 ’ Faxineiras (k=0.18).
HANSSON . ~ exposicdo avaliada por meio de : 2)Pouca flexdo: Trabalhadores de escritério (k=0.34);
(Logger Teknologi) Flexdo/ T . (24 mulheres, 17 homens) o
etal. Extensio questiondrios e por medidas Faxineiras (k=0.24)
(2001)® 3,5 horas (1-7 horas) técnicas em diferentes posturas e Faxineiras 3) Muita flexdo: Trabalhadores de escritério  (k=-
! movimentos. . 0.07)
Total: 273 faxineiras Faxineiras (k=0.07)
Incluidos: 218 responderam e
20 questionArio: Trabalho com as costas:
Ava?liados- 41 ’ 1) Muita flexdo: Trabalhadores de escritério (k=-
: 0.06)
(41 mulheres, 0 homens) Faxineiras (k=-0.12)
Nenhuma correlagdo significante foi encontrada entre
a percepc¢do de sobrecarga no trabalho e os dngulos do
pescogo.
Angulos do pesco¢o
Dentistas Flexdo/extensdo
Inclindmetros Flexdio/ Avaliar a associacdo entre 10th: -12.5(-16;-9)
JONKER et  (Logger Teknologi) ~ posturas /movimentos de . 90th: 27.4(24.2;30.5)
extensdo e Total: 73 dentistas ~
al, (2009) flexdio lateral trabalho e a sobrecarga auto- Inclufdos: 24 dentistas Flexdo lateral
4 horas relatada. : 10th: -9.5(-11.8;-7.1)

Avaliados: 24 dentistas

90th: 15.4(12.4;18.4)

Angulos do pescoco (flexo/extensio) associada com:
Movimentos repetitivos (r=0.07,p=0.75);posicées de
trabalho monoétono (r=0.01,p=0.99); posicdes de
trabalho desconfortaveis (r=-0.21,p=0.35)
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Equipamento e

Movimentos

Atividade Ocupacional e nimero

Artigo duracdo do Registro registrados Objetivo das Medidas de trabalhadores* Resultados
Postural
A diferenca entre o método observacional e as medidas
diretas foi 27% para a flexdo do pescoco. Depois de
Trabalhadores de a]l.lS.teS para as diferentes posigdes de .refere,naa
. utilizadas, as diferencas entre os métodos diminuiram
A Comparar posturas e movimentos processamento de aves.
Inclinbmetros - o ~ . para 13%.
JUUL- (Logger Teknologi) Flexdo/ no trabalho repetitivo em uma Total: Nao descrito Anaulo da cabecas
KRISTENSEN et &8 § extensao e industria de processamento de aves Incluidos: 21 trabalhadores (3 gu 4
~ . N . Flexao/extensdo: 10th: 8(7); 90th: 31(5)
al. (2001) ) flexao lateral usando método de observacdo em trabalhadores foram excluidos ~
55 min : . . . . L Flexdo Lateral
registros de video e medidas diretas. devido a problemas técnicos);
. 10th: -9(4) 90th: 7(4)
Avaliados : 18 trabalhadores p .
Angulo do Tronco superior
Flexdo/extensdo: 10th: 3(5); 90th: 16(4)
Flexdo Lateral: 10th: -10(4); 90t: 5(4)
Nenhuma diferencga significativa entre os géneros foi
Avaliar se trabalhadores homens e . . . encontrada considerando as posturas da cabega
A . Tarefas industriais repetitivas.
Inclindmetros mulheres, que realizam tarefas durante o trabalho.
NORDANDER . . A . Total: 514 trabalhadores ~ ~
etal. (2008) (Logger Teknologi) Flexdo/ idénticas no trabalho, diferem em Incluidos: 277 trabalhadores: Flexdo/extensdo da cabeca
' extensdo relacdo ao risco de desordens, bem ) ’ Mulheres: 50th: 22(9.8); 90th: 41(9.2)

3 horas e 58 min

como a exposic¢oes fisicas ou
psicossociais.

Avaliados: 37 trabalhadores
(19 mulheres e 18 homens)

Homem: 50th: 24(6.3); 90th: 43(7.5)

*Total = nimero total de trabalhadores; incluidos= nimero de trabalhadores incluidos no estudo; avaliados= nimero de trabalhadores avaliados por medidas diretas
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A partir dos dados descritos na Tabela 2, observa-se que inclinometros siao as
ferramentas mais utilizadas no registro dos movimentos do pesco¢co em ambiente
ocupacional. De acordo com HANSSON et al. (20012), esses equipamentos sdo utilizados
para o registro do pescoc¢o porque sao praticos, portateis e permitem o registro de longos
periodos de tempo em ambiente real de trabalho. Em apenas 3 estudos foram utilizados
outros equipamentos, que foram um fisibmetro (AARAS, 1988; AARAS et al,, 1988) e um
potenciémetro elétrico (EKLUND et al., 1994). Esses trés estudos sdo cronologicamente

anteriores aos demais.

A duracio dos registros de movimentos variou entre 13 minutos (BYSTROM et al.,
2002) e 7 horas (HANSSON et al., 2001P), sendo que nenhuma associa¢ido entre duracdo

do registro dos movimentos e outros aspectos dos estudos foi verificada.

Em relacdo aos movimentos registrados, o movimento de flexo-extensdo do pescogo
foi avaliado por todos os estudos incluidos nessa revisdo. Contudo, apesar dos
inclinometros e potencidometros elétricos registrarem os movimentos de inclinacdo do
pescoco, apenas 5 estudos (EKLUND et al, 1994; AKESSON et al, 1997; JUUL-
KRISTENSEN et al, 2001; ARVIDSSON et al, 2008; JONKER et al, 2009) relataram
resultados para este movimento. Apenas 1 estudo (EKLUND et al, 1994) relatou
resultados para o movimento de rotacao da cabeca através de potenciometros elétricos.
Em parte, essa condicdo pode ser explicada pelo equipamento utilizado, visto que os
inclinébmetros (equipamento utilizado em 10 dos 13 estudos) tém por principio de
medida o angulo relativo ao vetor de aceleragdo total. Em condi¢des estaticas, esse angulo
coincide com a linha de gravidade, o que impossibilita o registro da rotacao ao longo da
vertical (HANSSON et al.,, 20012). Apesar dos inclindmetros permitirem o registro da
inclinacdo do pescoco, isso s6 ocorreu em apenas 4 dos 10 estudos que utilizaram esse
equipamento. Essa lacuna no registro dos movimentos de flexao lateral e rotacao do
pescoco é um aspecto bastante critico, pois prejudica consideravelmente nossa
compreensao sobre a movimentacdo cervical. A dindmica desses movimentos tem sido
reconhecida como biomecanica e fisiologicamente complexa (KESHNER, 1990; CONLEY et
al., 1995). Os movimentos do pesco¢o ocorrem por meio da movimentagdo dos discos
intervertebrais, das articulagdes zigoapofisarias e uncovertebrais, as quais apresentam

superficies geométricas complementares. Essa configuracdo anatémica determina que os
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movimentos nos planos cardinais sejam dependentes entre si e, portanto, combinados
(BOGDUK e MERCER, 2000; WHITE e PANJABI, 1990; YOGANANDAM et al., 2001). A
combinacao de movimentos é definida como “a associacdo consistente de um movimento
ao redor de um eixo com um outro movimento ao redor de outro eixo” (LEVANGIE E
NORKIN, 2001). Os movimentos funcionais do pesco¢o ocorrem ao redor dos trés eixos
de movimento simultaneamente. Contudo o que se observa é que também os estudos
clinicos tém investigado cada eixo de movimento isoladamente (CASTRO et al.,, 2000,
WANG et al,, 2005), No entanto, os movimentos combinados tém um papel importante
na funcionalidade do pescogo (COOK et al., 2006; FERRARIO et al., 2002) e estdo sujeitos a
sofrer alteracdes na presenca de dor, lesdes e doencas da coluna cervical (FEIPEL et al,,
1999).

Da mesma forma, o registro isolado dos movimentos de flexo-extensao do pescogo
verificado nos estudos revisados aqui deixa de representar a real exposi¢do postural a
que os individuos estdo submetidos em ambiente ocupacional. Considerando a
interdependéncia entre os movimentos cervicais, qualquer equipamento destinado a
registra-los deve ser apto a registrar todos os movimentos simultaneamente. Isso
permitird que estudos futuros incluam registros simultaneos dos trés eixos de movimento
do pescoco. Para tal, pode ser necessario o aprimoramento de inclindmetros e outros
equipamentos, ou mesmo o desenvolvimento de novos sistemas.

E importante notar que esses equipamentos ndo devem restringir fisicamente a
amplitude de movimento do pescoco em nenhum de seus eixos, ainda devem ser leves,
portateis e permitirem o registro da postura por longos periodos do turno de trabalho.

Considerando a atividade ocupacional exercida pelos trabalhadores, a analise dos
estudos permitiu verificar que, de maneira geral, a postura e os movimentos do pesco¢o
foram registrados em trabalhadores que realizavam atividades ocupacionais sedentarias
e/ou repetitivas, como dentistas, controladores de voo e trabalhadores de escritorio ou de
industrias. O Unico estudo que avaliou postura e os movimentos do pesco¢o em atividades
mais variadas foi o estudo de HANSSON et al. (2001P), o qual também incluiu faxineiras
em sua amostra. A escolha de grupos ocupacionais envolvidos com atividades sedentarias
e repetitivas pode estar relacionada a alta prevaléncia de queixas de dor no pescoc¢o

nessas populacdes (COTE et al,, 2008). Além disso, tem sido reconhecida na literatura a
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associacdo entre dor no pescogco e membros superiores, e a realizagdo de atividades
sedentarias (TURHAN et al., 2008; ELTAYEB et al., 2009). Contudo, sabe-se que também
existe alta prevaléncia de sintomas no pescoc¢o em atividades consideradas mais pesadas
e variadas, tais como, em atividades de eletricistas (MORIGUCHI et al, 2009) e
enfermeiros (TRINKOFF et al., 2002). No entanto, essas atividades ainda nao tiveram a
exposicao postural do pescoc¢o avaliada por medidas diretas, que sao consideradas mais
validas e precisas.

Os objetivos das medidas realizadas variaram largamente entre os estudos avaliados.
Em dois estudos (ARVIDSSON et al., 20062, NORDANDER et al., 2008) foram avaliadas a
diferencas na postura e movimentos entre os géneros, em outros dois estudos (AKESSON
et al,, 1997; ARVIDSSON et al., 2008) trabalhadores com e sem sintomas cervicais tiveram
seus movimentos e posturas comparados. Em trés estudos (ARVIDSSON et al., 2006,
BALOGH et al, 2006, BYSTROM et al., 2002) os autores compararam os efeitos de
modificacdes de postos de trabalho em sistemas de producdo antes e apos intervencgdes
ergondmicas ou mecanizagdo da producdo. Em outros trés estudos (HANSSON et al,,
2001b; JONKER et al, 2009; JUUL-KRISTENSEN et al, 2001) foram realizadas
comparagdes entre medidas diretas (resultados objetivos) e medidas
observacionais/auto-relato de sobrecarga. Por fim, dois estudos (AARAS et al., 1988;
EKLUND et al., 1994) tiveram por objetivo avaliar a sobrecarga postural dos movimentos
do pescogo e em um ultimo estudo (AARAS, 1988) arelacdo entre a postura da cabeca e a
sobrecarga do ombro foi analisada. Os objetivos dos estudos serao discutidos
conjuntamente com as suas caracteristicas metodoldgicas posteriormente no item

“Caracteristicas dos estudos associado a qualidade metodoldgica”.
Avaliagdo da qualidade metodoldgica

Os resultados da avaliagdo da qualidade metodoldgica, realizada pela escala de

ARIENS et al. (2000) adaptada, estao apresentados na Tabela 3.
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Tabela 3. Pontuagdo de cada item avaliado por dois revisores independentes. Como o item “dados de carga fisica no trabalho coletado e

usado na analise foi aplicado como um critério de inclusdo desse estudo, ele nao foi considerado na soma total da pontuagao.

AARAS
etal.
(1988)

) HANSSON )
AKESSON  ARVIDSSON  ARVIDSSON  aryipsson  BALOGH  pygrrey  EKLUND JONKER JUUL

etal. etal. etal. ET AL, KRISTENSEN
etal. (1997) etal. (2006)A et al. (2006) et al. (2008) (2006) et al. (2002) (1994) (2001) (2009) et al. (2001)

AARAS
(1988)

NORDANDER
et al. (2008)

Desenho

Taxa de Participagdo na

linha de base de Eelo ND ND ND
menos 80% ou nao

selecionado

Avaliagdo da Exposigdo

Dados de sobrecarga
fisica no trabalho
coletados e usados na
analise.

Dados de carga fisica
coletados usando
métodos padronizados de
qualidade aceitavel.

Avaliagdo dos Resultados
Dados nos resultados
coletados com métodos
padronizados de
qualidade aceitavel.

Andlise
Modelo estatistico

apropriado para o
resultado estudado e uma
medida de associagdo
(incluindo intervalo de
confianca) apresentada.

Numero de casos na
analise multivariada de
pelo menos 10 vezes o - - + + - + + - + + + + +
numero de variaveis
independents.

Pontuagdo Total 2/5 205 3/5 305 205 3/5 4/5 2/5 3/5 305 415 305 4/5
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Dos 13 artigos avaliados, 9 apresentaram uma pontuacao igual ou superior a 3 pontos,
portanto, foram considerados estudos de alta qualidade metodol6gica. Contudo, nenhum
estudo avaliado atingiu a pontuagdo maxima (5 pontos). Contribui para esse resultado o
fato de que o item que avaliou a taxa de participacao dos sujeitos (representatividade da
amostra) ndo foi pontuado como positivo para nenhum dos estudos avaliados. Isso
ocorreu devido ao critério restrito que adotamos o qual s6 considerava esse item da
escala como positivo, quando pelo menos 80% da amostra tivesse sido avaliada por meio
de medidas diretas. Alguns dos estudos incluidos avaliaram um grande nimero de
sujeitos por meio de questionarios e avaliagdo fisica, contudo, os equipamentos foram
aplicados apenas numa pequena porcentagem desses individuos. Exemplo disso é o
estudo de ARVIDSSON et al. (20062) no qual foram avaliados 187 funcionarios, entretanto
apenas 14 deles tiveram suas medidas de postura e movimentos do pescoco registrados

por inclindbmetros.

Esse resultado demonstra a dificuldade dos estudos que utilizam medidas diretas em
avaliar um grande nimero de trabalhadores. Isso é bastante compreensivel quando se
considera que os procedimentos e a andlise de dados exigidos por esse tipo de estudo
demandam consideravel tempo e custos financeiros (YEN e RADWIN, 2002). Ha que se
considerar também que a taxa de participacdo dos trabalhadores é diferente quando se
trata de preencher um questiondario ou de aceitar ter equipamentos fixados no corpo para
um monitoramento de seus movimentos durante horas de trabalho. Portanto, o pequeno
numero de sujeitos avaliados em estudos que utilizam medidas diretas parece ser uma

caracteristica desse tipo de estudo, e nao uma limitacao.

Um outro item que tendeu a ser negativamente avaliado pela escala, e no qual apenas
3 estudos (BALOGH et al.,, 2006; NORDANDER et al., 2008; JONKER et al., 2009) foram
pontuados como positivos, foi referente a adequacao do modelo estatistico utilizado e a
apresentacdo de intervalo de confianca. A maior parte dos estudos que ndo obteve
pontuacdo positiva para esse item apresentou modelos estatisticos relativamente
adequados, entretanto, o intervalo de confianga dos resultados nao foi descrito. O
intervalo de confianga tem sido reconhecido como desejavel nos artigos cientificos, pois
através dele é possivel fazer inferéncias sobre a consisténcia e importancia clinica dos
resultados. De acordo com SIM e REID (1999), isso ocorre porque o intervalo de confianca

depende da variabilidade dos dados e do tamanho amostral.
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Caracteristicas dos estudos associado a qualidade metodoldgica

Os dois estudos (ARVIDSSON et al., 20062, NORDANDER et al., 2008) nos quais a
diferenca entre os géneros foi avaliada, foram considerados estudos de alta qualidade
metodolégica. Nesses dois estudos nao foram identificadas diferencgas significativas para a
postura e os movimentos do pesco¢o entre homens e mulheres durante a atividade
ocupacional, o que fornece uma forte evidéncia sobre o assunto.

Considerando a comparacao entre sujeitos sintomdticos e assintomaticos, dois
estudos de alta qualidade metodolégica (AKESSON et al., 1997; ARVIDSSON et al,, 2008)
se dedicaram a estudar esse tema. No estudo de AKESSON et al. (1997) pequenas
diferencas foram identificadas entre dentistas com e sem sintomas para o movimento de
flexo-extensao da cabeca e do tronco. Contudo, diferencas maiores para os movimentos
de inclinacdo da cabe¢a e do tronco, respectivamente, 26° e 12°, foram relatadas. Ja
ARVIDSSON et al. (2008) nao relatam diferencas entre controladores de voo sintomaticos
e assintomaticos para o movimento de flexo-extensdo da cabeca e do tronco superior,
entretanto esse estudo nao avaliou os movimentos de inclinagdo da cabeca e tronco
superior. Esses resultados indicam forte evidéncia cientifica para a auséncia de
diferencas entre individuos com e sem sintomas para o movimento de flexo-extensao do
pescoco. Mas, moderada evidéncia cientifica para a existéncia de diferencas entre esses
grupos para o movimento de inclinagdo do pescogo. Esses resultados reforcam a
necessidade de que todos os movimentos do pesco¢o sejam avaliados simultaneamente

em estudos sobre exposi¢do postural para essa regiao corporal.

Em dois estudos de baixa qualidade metodolégica (ARVIDSSON et al., 20060,
BYSTROM et al,, 2002) e em um estudo de alta qualidade metodolégica (BALOGH et al.,
2006) modificagdes nos postos de trabalho ou em sistema de producao foram avaliadas.
ARVIDSSON et al. (2006*) compararam os antigos e novos postos de trabalho de
controladores de voo e identificaram redugao significativa da flexdo do pescoco apos a
implementacdo de melhorias no local de trabalho. BYSTROM et al. (2002) avaliaram
computer-aided design (CAD) workers fazendo uso de dois programas o PROFESSIONAL-
CADAM® e o PRO/Engineering® e também compararam o uso exclusivo de um mouse ao
uso do mouse associado ao teclado para operacdo dos programas acima descritos. Os
autores nao encontraram diferengas entre as posturas e movimentos do pesco¢o quando

compararam o uso dos diferentes programas e o uso de mouse e do mouse associado ao
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teclado. BALOGH et al. (2006) avaliaram a sobrecarga do pesco¢o promovida por sistemas
de producdo manual, semi-automatico e automatico. Neste estudo os autores
identificaram diferenca estatistica significante entre o sistema manual e semi-automatico,
manual e automatico e semi-automatico e automatico para a flexdao da cabega. Contudo, ao
discutirmos os resultados desses estudos, ndo cabe estabelecer evidéncia cientifica para
esses achados, visto que eles investigam condi¢des bastante distintas entre si, tanto em
termos de ambientes ocupacionais avaliados, quanto de interveng¢des realizadas como
também de desfechos clinicos ou operacionais avaliados. Assim, o que pode ser afirmado
a partir desses estudos, é que a utilizagdo de medidas diretas pode ser um recurso
sensivel e util para identificar variagdes em posturas e movimentos em situacdes pré e

pOs- intervencgdes ergonomicas.

HANSSON et al. (2001b) e JONKER et al. (2009) avaliaram a correlacdo entre o
auto-relato de sobrecarga fisica dos trabalhadores e os resultados obtidos por meio de
medidas diretas em dois estudos considerados de alta qualidade metodologica. Ambos os
estudos nao encontraram correlacao entre a sobrecarga relatada pelos trabalhadores e os
angulos do pescoco registrados por inclindmetros. Os resultados desses estudos revelam
forte evidéncia cientifica para a auséncia de correlacdo entre esses dois métodos de
medida indicando que um nao deveria ser utilizado em substituicdo ao outro. Contudo,
devemos considerar que esses estudos nao foram realizados em situacdes posturais mais
extremas de exposicdo. Nessas condi¢cdes a percepc¢do dos individuos tende a se tornar
mais acurada (SOUZA e COURY, 2005). JUUL-KRISTENSEN et al. (2001) descreveram a
relacdo entre um método observacional de avaliacdo da postura e movimentos e os
angulos registrados por meio de medidas diretas. Para o método observacional, o
avaliador deveria escolher entre duas categorias para a flexdo do pescogo (<20° ou >20°).
A duracdo média para a categoria “flexdo do pescoco >20° foi 92% no método
observacional e 65% no registro dos inclinometros. Essa diferenca entre os métodos
diminui para 13% quando os ajustes para a posicao de referéncia do pescogo foram
realizados para os dois métodos. Como apenas um estudo comparou métodos
observacionais com medidas diretas, moderada evidéncia cientifica para a existéncia de

diferencas entre os métodos foi observada.

De maneira geral, os métodos observacionais, aplicados por meio de protocolos de

registro, tém a vantagem de serem baratos e praticos e podem ser utilizados em diversos
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locais de trabalho. Entretanto apresentam limitagdes evidentes tais como, subjetividade,
baixa precisao, necessidade de observadores altamente treinados e pouca aplicabilidade a
tarefas dinamicas, limitando-se a atividades mais estaticas e repetitivas (VAN DER BEEK e
FRINGS-DRESSEN, 1998; YEN E RADWIN, 2002). Além disso, tém as suas validades
interna e externa questionaveis (JUUL-KRISTENSEN et al, 1997). Apesar dessas
limitacdes, em algumas situacdes ocupacionais estas sdo as Unicas formas possiveis de
registro. Por outro lado, estudos que utilizam medidas biomecanicas quantitativas por
meio de medidas diretas sdo mais precisos e confidveis. Além disso, apresentam
aplicabilidade tanto para tarefas estaticas quanto dinamicas e podem registrar diferentes
articulacoes (JUUL-KRISTENSEN et al., 2001). Todavia, esses instrumentos de medida sdo
complexos e, dependendo de suas caracteristicas fisicas, podem influenciar a realiza¢do
da tarefa, fazendo com que a atividade avaliada nao seja representativa da tarefa real

(COURY, 1999).

2.4. CONSIDERACOES FINAIS

Os resultados deste estudo apontam a escassez de estudos avaliando os trés eixos
dos movimentos cervicais simultaneamente. Isso decorre diretamente de deficiéncias em
equipamentos e sistemas atualmente disponiveis, e indica a necessidade do
desenvolvimento de novos equipamentos ou do aprimoramento dos ja existentes.
Considerando a complexidade dos movimentos cervicais e o fato de que cada movimento
que ocorre em um dos planos necessariamente combina-se com algum grau de
movimento em outro plano, a exposicdo postural real presente nas atividades
ocupacionais apenas podera ser avaliada por meio de equipamentos capazes de registrar
simultaneamente todos os movimentos.

Uma outra lacuna identificada na literatura é a auséncia de estudos que avaliem a
postura e os movimentos do pescoco de trabalhadores que realizam atividades
consideradas mais pesadas e variadas. Isso é importante porque esses trabalhadores, tais
como enfermeiros e eletricistas, também apresentam alta prevaléncia de queixas de dor
no pesco¢o (TRINKOFF et al,, 2002; MORIGUCHI et al., 2009).

Ainda, o nimero de sujeitos avaliados por medidas diretas ndo atingiu em nenhum
estudo aqui incluido a taxa de participacdo considerada minima para que um estudo de

avaliacdo de exposicdo ocupacional alcance qualidade metodolégica, de acordo com
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algumas recomendacgdes da literatura (ARIENS et al, 2000; HOOFTMAN et al., 2004).
Contudo, essa constatacao deve ser analisada com cautela. Considerando-se as
dificuldades metodolégicas inerentes aos estudos que realizam medidas diretas, o
pequeno numero de sujeitos avaliados parece ser mais uma caracteristica do que uma
limitacdo desses estudos. Assim, novas recomendagdes, voltadas especificamente para

estes estudos, sdo necessarias para garantir a qualidade metodolégica desses estudos.
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3. SEGUNDO ESTUDO

ELETROGONIOMETROS  FLEXIVEIS, INCLINOMETROS E UM SISTEMA
TRIDIMENSIONAL DE ANALISE DE VIDEO: VALIDADE CONCORRENTE DO REGISTRO
DOS MOVIMENTOS DO PESCOCO.

RESUMO

Esse estudo avaliou a validade concorrente entre gonidometros (EGM), inclinémetros
(INC) e um sistema de analise tridimensional baseado em registro de video (IMG) em uma
coleta de dados simultanea e sincronizada. Doze mulheres realizaram quatro movimentos
do pescogo: flexo-extensdo, inclinacdo, rotacao e circunducao. As diferencas entre EGM,
INC e IMG foram calculadas a cada instante. Para o movimento de flexo-extensdo, IMG
subestimou a amplitude de movimento (ADM) em 20%; além disso, o EGM apresentou um
crosstalk de 20% para os eixos de inclinacdo e rotacdo. Durante o movimento de
inclinagdo, todos os sistemas apresentaram ADM similar e diferencas entre os sistemas
moderada (4-7%) para os eixos principais e ortogonais. Para o movimento de rotagdo, o
EGM registrou um alto erro crosstalk (15%) para o eixo de flexo-extensdo. Durante o
movimento de circundugdo, a IMG subestimou a ADM para a flexo-extensdo em
aproximadamente 20% e as diferengas entre os sistemas foram altas (aproximadamente
20%); exceto para a diferenca INC-IMG considerando o eixo da inclinagdo e para a
diferenca EGM-INC considerando o eixo da flexo-extensdo, as quais foram inferiores a
10%. Para aplicagdo em ambiente ocupacional, o INC apresentou boa validade
concorrente, embora ndo possa registrar os movimentos de rotacdo. O EGM deveria ser
ajustado para que seu erro crosstalk fosse reduzido e para permitir o registro completo da
ADM do pescoco. Devido a condigdes ndo-6timas durante o movimento de flexo-extensao,
a IMG subestimou estes movimentos. Para os movimentos complexos, diferencas na

representacao angular podem ter aumentado as diferencas entre os sistemas.

Palavras-chave: Ambiente ocupacional, registro do movimento, validade concorrente,

movimentos do pescoco.
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3.1 INTRODUCAO

Disttrbios no pescoco relacionados ao trabalho estao associados com um alto grau de
dor e incapacidade na populacdo trabalhadora (COTE et al, 2008). A origem destes
disturbios tem sido reconhecida como multifatorial, incluindo evidéncia que as posturas e
os movimentos durante o trabalho sejam fatores de risco associados (COSTA e VIEIRA,

2010).

A adogdo de posturas inadequadas afeta a cinemadtica articular e o recrutamento
muscular, promovendo um aumento da carga compressiva na coluna cervical e levando a
dor e disturbios nessa regido (SZETO et al.,, 2005). Esse fato destaca a necessidade do
registro da postura e movimentos em ambiente ocupacional de forma que essas variaveis

possam ser quantificadas e avaliadas.

Diferentes sistemas, tais como andlise tridimensional baseada em registros de video,
sistemas opto - eletronicos de rastreamento de marcadores, eletrogoniometros e
inclinébmetros tém sido usados para registrar movimentos em situa¢des dinamicas.
Entretanto, ndo ha nenhum método de registro dos movimentos do pesco¢o que possa ser
considerado como “padrao-ouro”. A avaliacdo concorrente entre instrumentos tem sido
relatada como a melhor forma de validagao para o movimento cervical até o momento

(CHEN etal, 1999).

Sistemas de analise tridimensional baseados em registro de video e rastreamento de
marcadores geralmente sdo aceitos como os métodos mais precisos para o registro dos
movimentos do pescogo (CASTRO et al,, 2000). Contudo, a principal limitacdo de tais
sistemas é o fato deles ndo serem viaveis em ambiente ocupacional, ja que eles necessitam
de um ambiente calibrado para a realizacdo da reconstrucdo tridimensional e os
marcadores anatémicos devem ser identificados por pelo menos duas cameras,
simultaneamente, o que restringe os movimentos do sujeito a uma area limitada. Outra
dificuldade esta relacionada a andlise de dados, as sequéncias de rotacdo usadas para o
calculo dos angulos de Euler nas analises de video ndo tem sido descritas de forma
consistente em estudo prévios, o que é agravado pelo fato da adogdo de diferentes

sequéncias de rotacdo poderem levar a diferentes resultados (HOF et al., 2001; KARDUNA
etal, 2000).
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Equipamentos ambulatoriais como, eletrogoniémetros e inclinémetros, podem ser
Uteis no registro dos movimentos em situagdes ocupacionais. Todavia, esses sistemas nao
tém sido comparativamente avaliados com outros equipamentos considerados mais
acurados e precisos. Além disso, esses equipamentos nao foram avaliados para o registro
dos movimentos do pescoco. Ainda, deveria ser considerado que desenhos baseados em
medidas consecutivas restringem as conclusdes que podem ser extraidas de seus
resultados, jA que os efeitos do reposicionamento do sujeito e a variabilidade do
movimento durante diferentes coletas nao pode ser isolado das diferencas entre os

instrumentos (ASSINK et al., 2008).

Assim, o objetivo desse estudo foi avaliar a validade concorrente entre
eletrogonidmetros flexiveis, inclindmetros e um sistema de andlise tridimensional

baseado em registro de video em uma coleta de dados simultanea e sincronizada.

3.2. METODOS

3.2.1 Sujeitos

Doze mulheres saudaveis (idade 26,1 + 3,4 anos; 162,2 + 3,3 cm; peso 58,6 + 10,2
kg) participaram do estudo. Sujeitos apresentando desvios acentuados na postura do
pescoco, sintomas ou restricdo do movimento foram excluidos da amostra. Esse estudo foi

aprovado pelo Comité de Etica em Pesquisa local (Protocolo 047/08).
3.2.2 Equipamentos

Trés diferentes tipos de equipamento foram usados para o registro dos dngulos do
pescoco. As imagens foram registradas com duas filmadoras (Panasonic NV-GS320,
Kadoma, Japan). Os registros eletrogoniométricos foram realizados com um
eletrogoniémetro biaxial (M110), um torsiometro (Q110) e uma unidade de aquisi¢do
(DataLog, Biometrics Ltd., Gwent, UK). Os registros dos inclindmetros foram realizados
com dois sensores inclinométricos (baseado em acelerometros tri axiais) e uma unidade
de aquisi¢io (Logger Tecknologi HB, Akarp, Sweden). A frequéncia de aquisi¢io foi 60Hz

para o registro de video e 20Hz para os registros dos eletrogonidmetros e inclindometros.
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3.2.2.1 Registros de video

Um ambiente calibrado foi criado para os registros de video. Oito fios de aco foram

suspensos no teto do laboratoério. Ao longo de cada fio, trés marcadores reflexivos (10 mm

de didmetro) foram posicionados a 40 cm de distancia. Esses vinte e quatro marcadores

reflexivos foram usados para definir a calibracdo do ambiente (Figura 2A). Duas cameras

foram posicionadas uma sobre a outra a 130 cm de distancia (70° de inclinacao entre

elas) (Figura 2B) de tal forma que ambas pudessem registrar todos os marcadores nos

fios para o procedimento de calibragdo, assim como os marcadores nos sujeitos durante a

realizacao os movimentos da cabeca.

A

C (vista posterior)

C (vista lateral)
°

Figura 2. A) Sistema de Referéncia global usado para o procedimento de calibracao do

sistema de video; B) Posicionamento das cameras de video e iluminadores no ambiente
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de coleta de dados. O led acoplado as costas da cadeira e o cabo conectando o led as
unidades de aquisicdo do eletrogoniémetro e do inclindmetro foram usados para
sincronizagdo dos instrumentos; C) Fixacdo dos marcadores reflexivos (destacados em
preto), inclinémteros (destacados em cinza) e goniometros na cabega e tronco superior

dos sujeitos.

Para avaliar os movimentos do tronco superior, marcadores reflexivos (10 mm
diametro) foram fixados: 1) na quarta vértebra toracica, 2) no acromio direito e 3) no
acrémio esquerdo. Para registrar os movimentos da cabega, trés marcadores reflexivos
foram fixados a trés hastes metalicas perpendiculares; essas hastes foram conectadas a
uma lamina, a qual foi posicionada acima da protuberancia occipital externa dos

individuos (Figura 2C).

O erro de reconstrucdo dos marcadores do sistema de cameras foi avaliado usando o
método descrito por BARROS et al. (2006), e foi calculado como sendo inferior a 1 mm
para todas as diregcoes avaliadas. As sequéncias dos angulos de Euler flexo-extensdo,

inclinacao e rotacao foram usadas no estudo.
3.2.2.2 Registros do Eletrogoniometro (EGM)

O eletrogoniometro biaxial e o torsiometro foram fixados um ao outro com fita
adesiva dupla face e para evitar o deslocamento entre os sensores, eles foram colocados
em um suporte acrilico. Para medir o movimento do pesco¢o, os terminais do
eletrogonidmetro/torsiometro foram fixados sobre a sétima vértebra cervical. Os

terminais telescopicos foram fixados na protuberancia occipital sobre uma touca (Figura

20).

De acordo com o fabricante dos gonidmetros biaxiais, o erro para os eixos principais é

+2° em +90° de rotacao ao redor dos eixos principais.
3.2.2.3 Registros do Inclinéometro (INC)

Fita adesiva dupla face foi usada para fixar os inclinémetros aos sujeitos. Um
inclinémetro foi fixado no tronco superior ao lado direito da sétima vértebra cervical
proximo aos gonidometros, e um outro inclindmetro foi fixado na fronte do sujeito (Figura
2C). A calibragao dos inclinometros foi realizada de acordo com os procedimentos

descritos por HANSSON et al. (2001). O erro dos inclinébmetros é pequeno (1,3°), e os
36



sensores podem ser posicionados em uma orientacdo arbitraria no segmento corporal,
visto que suas coordenadas podem ser transformadas em coordenadas do segmento do
corpo pelo registro da posicao de referéncia e direcdo dos movimentos (HANSSON et al.,
2001). A projecao do vetor que descreveu o grau e a dire¢do da inclinacdo no plano

horizontal foi usada para calcular os movimentos de flexo-extensao e inclinagao.
3.2.3 Procedimentos
Posigdo de referéncia e registro dos movimentos

Os sujeitos se sentaram numa cadeira posicionada dentro do ambiente calibrado do
sistema de video, com seus bragos ao longo do tronco e suas maos sobre as coxas. A
posicdo de referéncia para os registros de movimento, definida como 0° de flexo-
extensdo, inclinagdo e rotacao, foi registrada, simultaneamente, por todos os sistemas
durante 1 minuto. Para a posicdo de referéncia, os individuos mantiveram a cabeca e o
tronco superior na posicao ereta e olhando para frente. Para os inclinometros, a direcao
do movimento foi definida com o sujeito realizando flexao da cabega e do tronco superior.
Depois disso, os sujeitos foram instruidos a realizar quatro amplitudes completas dos
movimentos da cabega: flexo-extensdo, inclinagdo, rotacdo e circunducdo. Cada
movimento incluiu cinco ciclos e durou aproximadamente 1 minuto. A sequéncia desses

movimentos foi aleatorizada para cada sujeito.

Os trés sistemas foram sincronizados ao se pressionar um botdo o qual ativou uma
luz emitindo diodo (LED). Este sinal foi identificado pelas duas cameras e também
disparou o sinal dos marcadores de evento para as unidades de aquisicdo do
eletrogoniémetro e do inclinémetro. Embora os sistemas tivessem sido sincronizados no
inicio do experimento, um pequeno atraso foi ocasionalmente observado entre os sinais
registrados. Esse atraso pode ter ocorrido por diferencas no processamento interno dos
sinais das unidades de aquisicdo dos inclindmetros, dos gonidmetros e do sistema de
video; e também devido a imprecisdo na freqiiéncia de aquisicdo dos equipamentos.

Quando qualquer atraso foi identificado, eles foram corrigidos na andlise (veja abaixo).
3.2.4 Analise dos Dados

Os dados das cameras de video foram digitalizados com o Programa Ariel (APAS®,

Ariel Dynamics, Inc.,, Trabuco Canyon, USA). As coordenadas X, y, z dos marcadores

37



reflexivos fixados no tronco superior e na cabega foram calculados usando transformagao
linear direta. Em seguida, os dados dos trés sistemas foram processados usando uma
rotina desenvolvida em MatLab versdo 7,6 (MathWorks Inc., Natick, MA, USA). Nessa
rotina, a coordenadas dos marcadores reflexivos foram usadas para calcular os angulos de
Euler na sequéncia de rotagdo flexo-extensao, inclinacdo e rotacdo, separadamente, para a

cabeca e para o tronco superior.

Para os inclindmetros, os angulos da cabec¢a e tronco superior também foram
derivados separadamente e os angulos do pescoco foram calculados através da subtracdo

dos angulos da cabega em relagdo aos angulos do tronco superior.

Para todos os sistemas, os dados foram filtrados usando um filtro Butterworth de 22
ordem, passa-baixa de 10 Hz e atraso de zero. Todos os registros foram relacionados a
posicdo de referéncia, isto é, para cada sinal, o valor médio de 15 segundos de registro da
posicdo de referéncia foi calculado e subtraido dos registros completos. Para os angulos
do pescoco registrados pelo sistema de video, os dados foram reamostrados a 20 Hz. Os
quatro movimentos foram identificados, e para cada movimento, a correlacao cruzada
entre os sinais dos diferentes sistemas foi calculada. O tempo de atraso derivado da
correlacao cruzada foi compensado, minimizando assim qualquer erro de sincronizagdo

residual.

As diferencas entre EGM e IMG (EGM-IMG), INC e IMG (INC-IMG) e EGM e INC (EGM-
INC) foram calculadas a cada instante e plotadas em graficos X-Y para cada sujeito
(Figuras 3, 4 e 5). O eixo X representa os valores registrados pelo sistema usado como
referéncia (IMG para as comparag¢des EGM-IMG e INC-IMG e INC para a comparagdo entre
EGM-INC) e as diferencas entre os sistemas estdo apresentadas ao longo do eixo Y. Em
seguida, a raiz quadratica média (RMS) dessas diferencas foi calculada para cada
movimento. Adicionalmente, a razao entre o RMS das diferengas EGM-IMG, INC-IMG e
EGM-INC e a média da amplitude de movimento para os trés sistemas (considerando a
rotacdo de dois sistemas) foi calculada para cada sujeito. Para os movimentos de flexo-
extensdo, inclinacdo e rotacdo, as razdes foram calculadas em relacdo a amplitude dos
eixos principais de movimento. Para a circunducao, as razoes foram calculadas em relagao

ao eixo de movimento correspondente.
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3.3. RESULTADOS
3.3.1 Movimentos Realizados

Angulos médios e desvio padrio da ADM do pescogo para os movimentos de flexo-
extensdo, inclinagdo, rotacdo e circunducdo registrados pela IMG, EGM e INC sdo
apresentados na Tabela 4. Os eixos principais, isto é, os eixos ao redor do qual os

movimentos primarios ocorreram, estdo em destaque.

Tabela 4. Média (°) e, entre parénteses, desvio padrao (°) da ADM de flexo-extensao
inclinacdo e rotacdo, registrada pelo sistema de imagem (IMG), pelos eletrogonidomteros
(EGM) e inclindmteros (INC) para 12 sujeitos realizando os movimentos de flexo-
extensdo, inclinacao, rotacdo e circunducao do pescoco. Os eixos ao redor do qual os
sujeitos foram instruidos a realizar os movimentos (eixos principais de movimento) estdo

em destaque.

Equipamentos Movimentos
Flexion/extension Inclinacéo Rotacéo Circunducéo
IMG
Flexo-extensdo 42,5 (14,9) 10,6 (4,0) 4,3 (1,8) 40,2 (11,5)
Inclinacéo 3,8(2,0) 72,9 (12,3) 11,5 (5,9) 41,3 (19,4)
Rotacéo 4,2 (2,0 27,0 (12,0 109,7 (14,5) 57,7 (21,1)
EGM
Flexo-extensdo 49,7 (13,7) 10,5 (3,2) 33,2 (6,6) 49,8 (12,9)
Inclinacéo 20,5 (12,8) 64,1 (12,8) 14,2 (6,8) 39,8 (20,4)
Rotagdo 24,3 (25,5) 29,8 (8,8) 116,2 (17,4) 81,6 (34,0)
INC
Flexo-extensdo 54,6 (15,4) 12,1 (4,3) 7,4 (3,3) 52,1 (12,0)
Inclinacédo 6,7 (3,0) 76,7 (12,6) 19,1 (8,9) 45,1 (19,8)

Durante os movimentos de flexo-extensdo, todos os sistemas de medida registraram
uma moderada ADM de flexo-extensao (a média para todos os sistemas foi 49°) e uma
similar e consideravel variacao entre individuos (15° em média de desvio padrao). Para

os eixos ortogonais (sem destaque), IMG registrou baixos valores de inclinacao (3,8°) e
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rotacdo (4,2°), isto é, pequenas amplitudes de movimentos combinados, enquanto que o

EGM registrou altos valores, excedendo 20° para ambos, inclinacdo e rotacao.

Para os movimentos de inclinagdo, todos os sistemas registraram alta ADM (71° em
média) para o eixo principal. Para os eixos ortogonais, IMG registrou alguma flexo-
extensdo (10,6°) e consideravel rotacdo (27,0°). Valores similares foram registrados pelo

EGM e pelo INC.

Ambos IMG e EGM registraram alta ADM de rotacdo (113° em média) durante os
movimentos de rotagdo. Para os eixos ortogonais, ambos IMG e INC registraram baixos
valores, enquanto o EGM apresentou alta ADM de flexo-extensdo. Todos os sistemas

registraram alguma inclinagao.

Todos os sistemas registraram altos valores de ADM para flexo-extensdo (47° em
meédia) e inclinacao (42° em média) durante os movimentos de circundugdo, os quais sao
complexos e envolvem combinagdes de flexo-extensdo, inclinacio e rotacao. EGM

apresentou maiores valores do que a IMG considerando o movimento de rotagao.
3.3.2 Diferencas entre sistemas - Resultados individuais

As Figuras 3 e 4 revelaram as diferencas entre EGM e INC em relacao a IMG e a Figura
5 apresentou as diferencas entre o EGM em relacio ao INC, para um sujeito
representativo durante a realizagdo de quatro movimentos do pescogo. Cada movimento
esta representado em uma coluna. Cada grafico na coluna apresenta os dados registrados
para um eixo de movimento, a ADM registrada pelo sistema de referéncia pode ser vista
no eixo horizontal; enquanto que as diferencas entre o sistema de referéncia e o sistema

avaliado (por exemplo, EGM-IMG na Figura 3) podem ser vistas no eixo vertical.

A Figura 3 apresenta as diferencas entre EGM e IMG. Para os movimentos que
ocorrem nos eixos principais, isto é, flexo-extensdo, inclinacdo e rotacdao, houve uma
tendéncia de aumento das diferencas entre os equipamentos com o aumento da
amplitude de movimento. Uma inversao dessa tendéncia ocorreu para o movimento de
rotacao no fim da amplitude de movimento. Em relagdo aos eixos ortogonais, o EGM
registrou consideravel ADM (25 a 30°) para os eixos de inclinagdo e rotacdo durante o
movimento de flexo-extensdo, assim como para o eixo de flexo-extensao durante o

movimento de rotagdo, enquanto a IMG registrou valores proximos a zero. Essas trés
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diferencas denominadas crosstalk, isto é, movimentos realizados exclusivamente em um
plano foram capturados como um falso registro no plano ortogonal, sdo notaveis e
consideravelmente maiores do que as diferencas para os eixos principais. Os outros trés

crosstalk foram menores do que as diferencas correspondentes aos eixos principais.
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Figura 3. Diferencas entre eletrogoniémetro (EGM) e imagem (IMG) para flexo-extensdo, inclinacdo e rotagdo para um sujeito

realizando movimentos de flexo-extensao, inclinagdo, rotagdo e circunducao do pescoco. Cinco ciclos foram realizados para cada
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As diferencas entre os registros do INC e da IMG sdo apresentadas na Figura 4. O
aumento na ADM no eixo de flexo-extensdao durante o movimento de flexo-extensdo foi
associado com o aumento das diferencas entre os sistemas; na posicdo de maior flexao, os
valores angulares registrados pelo INC foram aproximadamente 10° maiores do que os
registrados pela IMG. Entretanto, esse comportamento ndo ocorreu para o eixo da
inclinacdo durante o movimento de inclinagdo, no qual as diferencas entre os registros
foram pequenas e praticamente constantes para a ADM completa. Houve uma diferenca
nos valores para o eixo da flexo-extensao durante o movimento de inclinagdo, muito
similar em padrdo e magnitude a diferenca correspondente entre EGM e IMG, o que indica
que poderia ter ocorrido um erro do tipo crosstalk no registro da IMG ao invés de erros
nos registros do EGM e INC. Para os eixos de flexo-extensdo e inclinacao durante o
movimento de rotagdo assim como para o eixo da inclinagdo durante o movimento de flexo-
extensdo, as diferencas entre INC e IMG, isto é os erros do tipo crosstalk, foram préximos

d Zero.
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Figura 4. Diferencas entre inclinomtero (INC) e imagem (IMG) para flexo-extensao, inclinacdo e rotagdo para um sujeito realizando

movimentos de flexo-extensao, inclinagdo, rotacao e circundug¢do do pescogo. Cinco ciclos foram realizados para cada movimento.

Angulos positivos denotam a flexao, inclinacdo e rotagdo para a esquerda.
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A Figura 5 apresenta as diferencas entre EGM e INC. Para os eixos principais, isto é, o
eixo da flexo-extensdo durante o movimento de flexo-extensdo, assim como para o eixo da
inclinagcdo durante o movimento de inclinagdo, houve um aumento das diferencas entre os
sistemas com o aumento da amplitude de movimento. Para o eixo da flexo-extensdo
durante o movimento de circundugdo as diferengas entre sistemas ocorreram no fim da
amplitude de flexdo. Considerando os eixos ortogonais, grandes diferencas foram
encontradas entre EGM-INC para o eixo da flexo-extensdo durante o movimento de
rotagdo e para o eixo da inclinagdo durante o movimento de flexo-extensdo. Essas
diferencas foram similares as identificadas entre EGM-IMG e provavelmente sdo devido
aos erros do tipo crosstalk relacionados aos registros do EGM. As diferengas entre EGM e
INC foram pequenas para o eixo da flexo-extensao durante o movimento de inclinagdo e

para o eixo da inclinacdo durante os movimentos de rotagdo e circundugdo.
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movimento. Angulos positivos denotam a flexdo, inclinagdo e rotacdo para a esquerda.
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3.3.3 Diferencas entre sistemas - Resultados Gerais

O RMS das diferengas entre EGM e INC em relacdo a IMG e do EGM em relagdo ao INC,
assim como a razdo entre essas diferencas e a ADM média para os trés sistemas (dois

sistemas para a rota¢do) estdo apresentado na Tabela 5.

Tabela 5. Média (°) e, entre parénteses, desvio padrao do RMS das diferengas entre
eletrogonidometro e o sistema de imagens (EGM-IMG), inclinbmetro e o sistema de
imagens (INC-IMG) e eletrogoniémtero e inclinometro (EGM-INC) para os eixos de flexo-
extensdo, inclinacdo e rotacdo de 12 sujeitos realizando os movimentos de flexo-extensao,
inclinacdo, rotacao e circundugdo. A razao (%) entre essas diferencas e a amplitude de
movimento para o sistema de referéncia (veja Tabela 4) esta também apresentada entre
colchetes. Para os movimentos de flexo-extensao, inclinacdo e rotacao, as diferencas estdo
relacionadas a amplitude de movimento do eixo principal; para os movimentos de
circundugdo, as diferencas estdo relacionadas a amplitude do seu eixo de movimento
correspondente. Para a comparacao entre EGM-INC a razdo ndo foi calculada para o
movimento de rotagdo ja que o INC (sistema de referéncia para essa compara¢do) nao é
capaz de registrar o movimento de rotacdo. Os eixos os quais os sujeitos foram instruidos

a realizar os movimentos (eixos principais de movimento) estao em destaque.

Diferenca (RMS) Movimentos
Flexo-extensao Inclinacéo Rotacéo Circunducéo
EGM-IMG
Flexo-extensdo | 4,7 (2,2) [11] 3,3(1,4) [4] 14,9 (2,5) [14] 6,3(2,3) [17]

Inclinagéo 8,7 (5,3) [20] 3,7 (1,4) [5] 4,0 (1,1) [4] 7,8 (5,1) [19]
Rotagdo 9,9 (10,3) [19] 4,4 (1,6) [6] 6,6 (3,1) [6] 14,8 (10,7) [28]
INC-IMG

Flexo-extensdo 51(1,7) [13] 53(1,2) [7] 2,8(1,4) [3] 6,1(1,8) [17]

Inclinagéo 2,1(1,4) [5] 2,9 (1,3) [4] 3,929 [3] 3,0(1,6) [8]

EGM-INC
Flexo-extensao 2,7(1,6) [5] 3,7 (1,0) [5] 15,533,1) [-] 45(1,5) [9]
Inclinacdo 9,1(7,1) [17] 52(2,2) [7] 4212 [-] 9,4 (6,6) [21]
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Quando os movimentos ao redor dos eixos principais sdo realizados, isto é, flexo-
extensao, inclinacao e rotacao (valores em destaque na Tabela 5), comparativamente,
pequenas diferencas relativas entre EGM e IMG foram observadas para os movimentos de
inclinagdo e rotagcdo (5% e 6%, respectivamente), enquanto maiores valores foram
encontrados para o movimento de flexo-extensdo (11%), Contudo, considerando os eixos
ortogonais dos movimentos realizados, nos quais os movimentos reais foram muito
menores, maiores diferencas entre os sistemas ocorreram, em muitos casos maiores do
que aquelas para os eixos principais. As diferencas foram consideravelmente altas para os
eixos de inclinacdo e rotacdo durante o movimento de flexo-extensdo (20% e 19%,
respectivamente) e para o eixo de flexo-extensao durante o movimento de rotagdo (14%),
O movimento de circundugdo apresentou relativamente maiores diferencas para todos os
eixos de movimento. Os altos desvios padrdo, excedendo 10° para o eixo de rotagdo
durante ambos os movimentos de flexo-extensdo e circundugdo, demonstram que houve

grande variacdo entre os individuos.

Pequenas diferencas entre INC e IMG foram detectadas para os eixos principais e
ortogonais durante a realiza¢cdo de todos os movimentos do pescoco, exceto para o eixo da

flexo-extensdao durante os movimentos de flexo-extensdo e circundugdo.

As diferencas relativas entre EGM e INC foram pequenas para os eixos principais
de movimento. Considerando os eixos ortogonais, pequenas diferencas foram
encontradas para o eixo da flexo-extensdao durante o movimento de inclinagdo e para o
eixo da inclinacdo durante o movimento de rotagdo. Da mesma forma que para a
comparagao entre EGM-IMG, grandes diferengas foram identificadas para o eixo da
inclinagcdo durante o movimento de flexo-extensdo e para o eixo da flexo-extensao durante
0 movimento de rotagdo. Também foram observadas grandes diferencas para o eixo da

inclinagdo durante o movimento de circundugdo.

3.4. DISCUSSAO

As diferengas foram similares considerando os eixos principais para o EGM e o INC

em relacdo a IMG e para o EGM em relacdo ao INC, exceto para o eixo da flexo-extensdo
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durante o movimento de flexo-extensdo considerando a comparacao entre EGM e INC. Para
os eixos ortogonais, as diferencas entre EGM-IMG e EGM-INC foram similares e maiores
do que as diferencas entre INC-IMG. Especificamente, durante o movimento de flexo-
extensdo, EGM e INC apresentaram 17% e 28% maiores amplitudes de flexo-extensao,
respectivamente, do que a IMG; enquanto que o INC registrou 10% maior amplitude de
flexo-extensdo em relacao ao EGM. Considerando os eixos ortogonais, o EGM apresentou
um crosstalk de 20% para os eixos da inclinacao e da rotagdo comparados com a IMG e um
crosstalk de 17% para o eixo da inclinagdo em relacao ao INC. Para o movimento de
inclinagdo, os sistemas apresentaram pequenas diferencas para os eixos principais e
ortogonais e um grau similar de movimentos combinados. Para o movimento de rotagdo, o
EGM registrou uma amplitude de rota¢do similar a IMG, mas exibiu alto erro crosstalk
considerando o eixo da flexo-extensao quando comparado a IMG e ao INC. O inclindbmetro,
o qual ndo pode registrar a rota¢do, apresentou um pequeno erro crosstalk para ambos os
eixos da flexo-extensdo e da inclinacdo em relacdo a IMG. Durante o movimento de
circundugdo, ambos EGM e INC apresentaram grandes diferencas relativas para o eixo da
flexo-extensdo e registraram maiores amplitudes de flexo-extensdo do que a IMG; as
diferengas relativas para o EGM foram altas considerando os eixos da inclinagdo e da

rotacao.
3.4.1 Consideracoes sobre o registro da IMG

Embora nenhum equipamento possa ser considerado “padrdo-ouro” para avaliar
os movimentos do pescog¢o (CHEN et al., 1999); os sistemas de registro baseados em video
sdo frequentemente considerados como sistemas de referéncia. Em nosso estudo,
algumas limitagdes precisam ser consideradas. O erro de posicdo foi menor do que 1 mm
para cada um dos trés planos. Contudo, quando as posicoes dos marcadores se tornaram
préximas ou mesmo coincidiram com o ponto de visdo de uma das cameras, é evidente
que a acuracia do angulo estimado diminuiu, especialmente se as posi¢cdes dos
marcadores também apareceram préximas do ponto de visdo da outra camera.
Considerando a posicao das cameras (Figura 2B) em combinacdo com a orientagdo
inclinada para frente dos trés marcadores na cabeca (Figura 2C), é claro que tal condi¢do

ocorreu mesmo com uma limitada flexdo da cabeca. De fato, quando a ADM média foi
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calculada separadamente para flexdao (13,3° para a IMG, 19,4° para o EGM e 22,0° para o
INC) e para a extensao (-29,2° para a IMG, -30,3° para o EGM e -32,6° para o INC), as
diferencas entre os sistemas ocorreram principalmente durante o movimento de flexao,

deixando evidente que o sistema de imagens subestimou os dngulos de flexao.

Os erros durante os movimentos de flexo-extensdo poderiam ter sido reduzidos se
o sistema de imagens tivesse sido composto por trés ou mais cameras. Contudo, a adi¢do
de cameras teria implicado na fixacao de mais marcadores reflexivos aos sujeitos, para
que cada camera registrasse pelo menos trés marcadores ao longo da ADM completa. Essa
nova configuracdo do sistema de imagens também implicaria na dificuldade de
rastreamento dos marcadores por todas as cameras durante os movimentos. Como o
processamento dos marcadores ndo detectados pelas cameras tem sido reconhecido
como uma fonte de erro adicional (CHIARI et al., 2005) e o teste piloto revelou boa
acuracia (considerando os erros de posicao), cameras adicionais ndo foram usadas nesse

estudo.

Para minimizar a variacdo devido a sequéncia de rotacao dos angulos de Euler, hof
et al. (2001) sugerem que as sequéncias dos angulos de Euler sejam sempre relatadas e
cada ambiente experimental seja investigado para a sele¢do da melhor representacao dos
angulos de Euler. A sequéncia adotada para o presente estudo foi baseada nos achados do

estudo piloto.
3.4.2 Consideracoes sobre os registros do EGM

Duas limita¢des em relacdo ao EGM foram identificadas no presente estudo. Primeira,
0s sensores nao permitiram que a articulacao alcangasse a amplitude completa de flexo-
extensdo. Como mencionado por STRAKER et al. (2010), eletrogoniometros flexiveis
podem ser limitados por exceder a maxima distancia predefinida entre os dois terminais
do sensor. A segunda limitacdo, crosstalk, pode ocorrer por trés razdes principais: 1)
desvios mecanicos nas propriedades geométricas dos elementos sensiveis dos
gonidmetros; 2) mau alinhamento de um dos terminais, resultando em rotagao axial do
gonidometro ou 3) fixacdo do gonidometro desalinhado em relagdo ao eixo principal do

movimento (HANSSON et al., 1996). Para os gonidmetros biaxiais, erros especificos (isto
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é, ganho de erro para os eixos principais) e crosstalk referem-se a movimentos ao redor
dos dois eixos principais. Apenas o ganho de erro ocorreu para o torsiometro. Os erros
para os movimentos combinados sdo complexos e ndo podem ser calculados a partir das

especificacdes acima.
3.4.3 Consideracoes a respeito do INC

A principal limitacdo dos inclindmetros é que eles registram o angulo relativo ao
vetor de aceleracdo total, o qual durante condigdes estaticas coincide com a linha da
gravidade. Assim, eles ndo podem registrar a rotacdo ao redor da linha vertical, que é o
movimento mais abrangente realizado pelo pescoc¢o, assim como pela coluna vertebral
(acima de 1609 LEVANGIE e NORKIN, 2001). Além disso, condi¢des dinamicas
introduzem erros; contudo durante a realizacdo de movimentos lentos, como no presente
estudo, eles sao limitados (HANSSON et al., 2001). O resultado basico e inequivoco do INC
é a inclinagdo em relacao a linha da gravidade e a dire¢do da inclinacdo tendo como
referéncia o plano horizontal. A representacdo da flexo-extensdo e da inclinagdo,
derivadas por projecao no plano horizontal, é apenas valida para os angulos de inclinagdo
menores que 90°. Considerando a amplitude de movimento registrada no presente

estudo, essa condicao foi atendida tanto para o tronco superior como para a cabeca.

3.4.4 Validade concorrente de acordo com o critério estabelecido pela Associacao

Médica Americana (AMA)

Usando uma diferen¢a de 10% como critério para avaliar a validade concorrente
(AMA, 2005), os resultados mostraram que, para os movimentos de inclinacao e rotacao,
EGM, IMG e INC apresentaram concordancia para os movimentos ocorrendo nos eixos
principais (veja as diferencas relativas na Tabela 5). Esses achados corroboram com os
resultados de MALMSTROM et al. (2003) e GELALIS et al. (2009) que relataram boa
validade concorrente para os movimentos do pescoco entre inclinémetros ndo-portateis e

um sistema de andlise tridimensional.

Considerando o movimento de flexo-extensao, pequenas diferencas relativas foram
observadas entre EGM e INC. Todavia, as diferencas entre EGM-IMG e INC-IMG foram
superiores ao limite determinado pela AMA (2005). Esses resultados discordam com
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ambos MALMSTROM et al. (2003) e GELALIS et al. (2009) que encontraram registros
validos para os movimentos de flexo-extensdo quando compararam inclindmetros e um
sistema de andlise tridimensional. Durante o movimento de flexo-extensio, o EGM e,
especialmente, o INC registraram maiores amplitudes de movimento para o eixo a flexo-
extensdo do que a IMG, e esse movimento apresentou pouca combinagdo com os
movimentos dos outros eixos. O componente dindmico pode ter levado as diferencas nos
registros do INC, mas considerando que os movimentos foram lentos, nds nao
acreditamos que apenas esse fator explique os resultados. Um fator que também pode ter
contribuido para as diferencas sdo as grandes ADM de flexo-extensao, as quais foram
restritas pelo EGM, o que pode ter tensionado a adesao entre os terminais do EGM e
ambos, a touca e a sétima vértebra cervical. Essa tensdo pode ter causado mudancas na
orientacdo relativa dos marcadores reflexivos na cabecga, do terminal telescopico do EGM
e /ou do inclinometro fixado na fronte, assim como um efeito correspondente no tronco
superior. Outro fator que pode ser considerado sdo as diferen¢as na orientagao entre o
plano dos trés marcadores fixados na cabecga e no tronco superior, dos terminais do EGM,
e dos inclinometros (depois da transformagdo para um sistema de coordenadas do
sujeito) o que também pode ter resultado em diferencas entre os equipamentos.
Presumivelmente, entretanto, as condi¢des ndo-6timas para o registro da flexo-extensao
pela IMG foram os principais responsaveis pelas diferencas, como descrito na secdo 3.4.1

“Consideracdes a respeito da IMG”.

Considerando os eixos ortogonais de movimento, o INC apresentou boa validade
concorrente em relacdo a IMG durante a realizacdo dos movimentos de flexo-extensao,
inclinacdo e rotacdo de acordo com o critério da AMA (2005). O EGM nao apresentou
validade concorrente em relacdo a IMG para os eixos da inclinagdo e da rotacdo durante o
movimento de flexo-extensdo. Em relacdo ao INC, o EGM demonstrou validade concorrente
para o eixo da flexo-extensdo durante o movimento de inclinagdo e para o eixo da

inclinagdo durante o movimento de rotagdo.

A circunducao foi incluida para simular os movimentos complexos que podem
ocorrer em ambiente ocupacional. Para esses movimentos, a comparacdo EGM-INC

mostrou menores diferencas relativas do que o limite estabelecido pela AMA para o eixo
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da flexo-extensdo, mas ndo para o eixo da inclinagdo. Durante os movimentos de
circunducao, as diferencas entre EGM e IMG excederam o critério da AMA para todos os
eixos, e as diferencas entre INC e IMG excederam o critério para o eixo da flexo-extensao.
Entretanto, ambos EGM e INC apresentaram maiores valores de flexo-extensao do que a
IMG, e esses angulos foram muito similares aqueles registrados para o movimento de
flexo-extensao. Além disso, EGM e INC comparados a IMG apresentaram caracteristicas
similares de erro em nivel individual (Figuras 3, 4 e 5), assim como para o grupo (Tabela

5). Assim, a IMG, provavelmente, subestimou o movimento de flexo-extensao.

Outro fator complicador esta relacionado as varias representa¢des dos dados, isto é, a
sequéncia dos angulos de Euler para a IMG, a caracteristica inerente de apresentacdo do
EGM, e a projecao do vetor de inclinagdo no plano horizontal para o INC, o que também

pode ter contribuido, simultaneamente, aos outros fatores para as diferencas observadas.
3.4.5 Contribuicoes e limitacoes

Um ponto forte desse estudo foi o uso concorrente e sincronizado dos
equipamentos avaliados. Esse procedimento levou a comparacdo direta a cada instante
entre os trés sistemas avaliados e um entendimento basico da natureza de suas diferengas
(como apresentado nas Figuras 3, 4 e 5), além de permitir o calculo do RMS das diferencas
entre os equipamentos. Esse método de avaliagdio é um avanco em comparag¢do aos
estudos que usam apenas a amplitude de movimento para avaliar a validade concorrente
entre sistemas (GELALIS et al. 2009; MALMSTROM et al. 2003). Por exemplo, para o
movimento de circunducdo, a amplitude de movimento média registrada para o eixo da
inclinacdo diferiu apenas 1,5° entre EGM e IMG, o que poderia ter sido erroneamente
interpretado como dados confiaveis do EGM para o eixo da inclinacdo durante os
movimentos combinados. Entretanto, a diferenca a cada instante foi 7,8°, correspondendo
a 19% da ADM ao redor de seu eixo, o que excede as diretrizes da AMA para a validade

concorrente.

Outra vantagem foi o uso comum do registro simultaneo da posicdo de referéncia

para todos os equipamentos. Assim, o zero graus de flexo-extensao, inclina¢ao e rotagao
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nao diferiu entre os sistemas, e os calculos do RMS das diferencas nao foram inflados por

qualquer offset.

Ainda, nés incluimos a circunduc¢do, que envolve o movimento simultaneo ao redor
dos trés eixos. Esse movimento é mais representativo do que os outros porque ele pode se

aproximar mais dos movimentos combinados que ocorrem em ambiente ocupacional.

As principais limitages desse estudo foram a presente aplicacao do EGM que nao
permitiu que os sujeitos fletissem e extendessem completamente seus pescogos durante
os movimentos de flexo-extensdo e circundugdo, e o sistema de IMG, com apenas duas

cameras, o que implicou em grades erros angulares para o movimento de flexo-extensao.
3.5 CONCLUSOES

Eletrogoniémetros podem ser aplicados em situagdes reais e sdo capazes de registrar
movimentos tridimensionais, mas o extensivo crosstalk encontrado nos registros do EGM,
assim como as restricdes fisicas impostas por seus sensores indicam que seu desenho
deveria ser melhorado para reduzir os erros a niveis aceitaveis e permitir a amplitude de
movimento completa do pescogo. Varios métodos de compensacao do crosstalk poderiam
ser aplicados e avaliados. Além disso, esses sensores fixados ao corpo sao dependentes do
movimento articular e precisam ser desenhados para atender as caracteristicas

anatémicas e cinesiologicas de cada articulagao.

Os registros dos inclinémetros apresentaram boa validade concorrente para os eixos
principais e ortogonais e também podem ser usados para registrar o movimento do
pescoco em ambiente ocupacional, embora apenas para os movimentos de flexo-extensao
e inclinagdo. O fato da rotagdo ter sido pouco documentada em estudos prévios (CARNAZ
et al., 2010; ROOZMAN, 1993) ndo necessariamente significa que é um movimento pouco

importante. Na verdade, sua ampla amplitude de movimento indica o oposto.

O sistema de video usado nesse estudo foi capaz de registrar todos os movimentos do
pescoco. Contudo, ele ndo pode ser aplicado em ambiente ocupacional, ja que sistemas de
video precisos operam dentro de um ambiente restrito e demandam calibragdo complexa.

Devido ao arranjo espacial complexo do equipamento e a exigéncia de que todos os
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marcadores fossem registrados por pelo menos duas cameras, esse método é limitado a
ambientes de laboratério especificos e é assim quase impraticivel em ambientes
ocupacionais ou para o registro de atividades de vida diaria. Ainda, o presente sistema de

IMG usando duas cameras subestimou a amplitude de movimento de flexo-extensao.
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4. TERCEIRO ESTUDO

PADROES DE MOVIMENTOS DA CABECA, TRONCO SUPERIOR E BRACOS EM
TECNICOS DE ENFERMAGEM COM E SEM DOR CERVICAL DURANTE ATIVIDADE
OCUPACIONAL.

RESUMO

Introducgdo: Dor na coluna cervical e nos ombros tem sido altamente prevalente entre
profissionais de enfermagem o que esta associado, dentre outros aspectos, com a adoc¢do
de posturas extremas durante a realizacdo das atividades ocupacionais. Ainda, a auséncia
de consenso se individuos com e sem dor apresentam diferentes padroes de desempenho
motor aponta a relevancia da mensuracdo comparativa da exposicdo postural entre
sujeitos sintomaticos e assintomaticos. Assim, apesar da conhecida relagdo entre posturas
extremas e a prevaléncia de dor na cervical e nos ombros entre profissionais de
enfermagem, nao foram encontrados estudos que avaliassem comparativamente as
posturas durante o trabalho desses profissionais com e sem dor musculoesquelética.
Objetivo: Quantificar as posturas da cabeca, tronco superior e bracos de técnicos de
enfermagem e verificar se ha diferencas entre as posturas desses profissionais com e sem
sintomas durante a realizacido de suas atividades ocupacionais. Métodos: Trinta técnicos
de enfermagem participaram do estudo. A classificacdo dos sujeitos em sintomaticos e
assintomaticos foi realizada a partir das repostas dos trabalhadores ao questionario
Nérdico e de um exame fisico detalhado e padronizado. As posturas da cabega, tronco
superior e bracos foram mensuradas por meio de inclinémetros (Logger Teknology). Os
percentis de postura e fracdo do tempo gasto em posturas extremas foram calculados. A
Anova de medidas repetidas foi aplicada para comparac¢do entre as diferentes tarefas
realizadas. Sujeitos com e sem sintomas foram comparados por meio do test t.
Resultados: Os técnicos de enfermagem apresentaram alta exposicdo postural para a
cabeca, tronco superior e ombros na maior parte das atividades realizadas. Essa
exposicao postural variou entre as tarefas, com ocorréncia de maior exposicdo para a
regido do pescoco durante a realizacdo de atividades de separar medicacdo e realizar
anotagdes em prontudrio médico. Trabalhadores com sintomas nas regioes do pescogo e

ombro apresentaram, de maneira geral, maiores amplitudes posturais e fragdo do tempo
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gasto em amplitudes extremas do que os trabalhadores assintomdticos, mas sem
diferenca significativa entre esses dois grupos. Conclusdes: A alta exposicao postural
para o pescoco e bracos durante as atividades de técnicos de enfermagem revela que as
atividades desses profissionais merecem atenc¢do. Modificagdes ergondmicas e programas
preventivos, com enfoque na coluna cervical, toracica e membros superiores poderiam

contribuir para a redugao de riscos.

Palavras-chave: doengas musculoesqueléticas, dor no pesco¢o, saude ocupacional,

postura, prevencao, treinamento.

58



4.1 INTRODUCAO

Doencas musculoesqueléticas tém sido altamente prevalentes entre profissionais de
enfermagem de muitos paises e representam um dos principais problemas de saide dessa
populacdo (BOS et al,, 2006; MENZEL, 2008; VIEIRA et al., 2006). Dor lombar relacionada
ao trabalho € a queixa mais freqliente com taxas de prevaléncia variando entre 30 e 60%,
seguida pelas queixas de dor na coluna cervical e ombro com prevaléncia variando entre
28-48% e 43-59%, respectivamente (BOS et al, 2006; GURGUEIRA et al, 2003;
LAGERSTROM et al.,, 1995). De acordo com a Unido Norte Americana de Enfermagem,
algumas das conseqiliéncias das doengas musculoesqueléticas sdo os altos niveis de
absenteismo e faltas ao trabalho, desenvolvimento de dor crénica e mudanga de atividade

profissional (POMPEII, 2009).

A alta prevaléncia de doengcas musculoesqueléticas entre profissionais de
enfermagem esta associada, dentre outros aspectos com a alta sobrecarga fisica. Dentre
os fatores de risco fisico, as posturas extremas tém sido reconhecidas por apresentarem
forte associacdo com o desenvolvimento de lesdes musculoesqueléticas no pescogo e nos
ombros (BERNARD, 1997; COSTA E VIEIRA, 2010). Essa associacao indica a necessidade
que as posturas dessas regides sejam quantificadas e avaliadas durante o trabalho
(COURY, 1999). Equipamentos portateis para o registro da postura e movimento em
ambiente ocupacional, tais como inclindmetros, tém sido usados para registrar o pescogo,
o tronco superior e os bracos. Avaliacdes iniciais desse equipamento sugerem que ele
fornece medidas precisas e confidveis (HANSSON et al,, 2001; HANSSON et al,, 2004) e

podem registrar movimentos por longos periodos de atividade.

A mensuragdo comparativa da exposicao postural durante o trabalho entre
individuos com e sem dor musculoesquelética também permite avaliar se individuos
apresentam outros padroes de desempenho motor, em termos de posturas e movimentos,
que poderiam explicar a ocorréncia de sintomas. Nesse sentido, os resultados de estudos
prévios comparando sujeitos com e sem sintomas realizando atividades repetitivas e
sedentarias sdo conflituosos. MADELEINE et al. (1999, 2003) avaliando trabalhadores de
escritorio por meio de eletromiografia e registro de imagens em atividades simuladas

encontraram diferencas em alguns parametros cinéticos e cinematicos dos sujeitos com e
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sem sintomas. Enquanto VASSELJEN E WESTGAARD (1997), AKESSON et al. (1997) e
ARVIDSSON et al. (2008) avaliaram trabalhadores de escritério, dentistas e controladores
de trafego aéreo, respectivamente, e ndo encontraram evidéncia estatistica de diferenca
nas posturas da cabega, tronco superior e dos bracos entre sintomaticos e

assintomaticos.

Apesar da conhecida associacdo entre posturas extremas, o desenvolvimento de
lesdo musculoesquelética e a alta prevaléncia de dor na coluna cervical e ombros entre
profissionais de enfermagem, ndo foram encontrados estudos que avaliassem
comparativamente as posturas durante o trabalho em profissionais de enfermagem com e
sem dor musculoesquelética. Assim, o objetivo desse estudo foi quantificar as posturas da
cabeca, tronco superior e bracos por meio de inclinémetros e verificar se ha diferencas
entre as posturas de técnicos de enfermagem com e sem sintomas durante a realizacao de

suas atividades ocupacionais.
4.2. METODOS
4.2.1 Sujeitos

Todos os técnicos de enfermagem de uma unidade de terapia intensiva (N= 42
sujeitos) de uma instituicao hospitalar filantrépica regional foram convidados a participar
do estudo. Destes, 35 técnicos de enfermagem aceitaram responder aos questionarios,
participar da avaliagdo fisica e terem suas posturas da cabega, tronco superior e bragos
registradas por meio de inclindmetros. Dos 35 sujeitos avaliados, 5 foram excluidos apds
o registro postural, pois realizavam atividades predominantemente administrativas e
apenas auxiliavam em rapidas tarefas de cuidados com o paciente, o que diferia das

atividades realizadas pelos demais técnicos de enfermagem.

A amostra foi entdo composta por 30 técnicos de enfermagem (71% de taxa de
participacao), 22 mulheres (idade: 36,8+ 9,9 anos; peso: 74,2+15,2 kg; altura: 163+6 cm;
tempo de profissdo: 7,4+7,9 anos) e 8 homens (idade: 33,0+ 10,6 anos; peso:81,5+£20,7 kg;
altura:170+£5 cm; tempo de profissao: 2,7+2,5 anos). Todos eram destros e apresentavam

pelo menos seis meses de experiéncia profissional.
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Os participantes foram informados a respeito dos procedimentos envolvidos no
presente estudo e forneceram seu consentimento. O estudo foi aprovado pelo Comité de

Etica para Investigacio Humana da Universidade (Processo N°CAAE 1080,0,000,135-10).
4.2.2 Procedimentos
4.2.2.1 Identificacao dos Sintomas e Realizaciao do Exame Fisico

Todos os sujeitos responderam ao Questionario Nordico (BARROS e ALEXANDRE,
2003) a respeito das queixas no pescoco, tronco superior e ombros durante os ultimos 7
dias e 12 meses. A freqiiéncia das queixas foi também registrada como: nunca, raramente,

as vezes, frequentemente e muito frequentemente- (HOLMSTROM e MORITZ, 1991).

Dois fisioterapeutas treinados avaliaram todos os técnicos de enfermagem usando um
protocolo de exame fisico padronizado proposto por OHLSSON et al. (1994), o qual
permite o estabelecimento de diagnésticos através de sintomas e achados clinicos
predefinidos. Os possiveis diagndsticos estabelecidos por esse exame fisico sdo: sindrome
tensional do pescoco, sindrome cervical, sindrome do desfiladeiro toracico, ombro
congelado, tendinite do supra-espinhoso, tendinite do infra-espinhoso, tendinite biciptal e
sindrome acromioclavicular. Os sintomas e achados clinicos para a regido do pescogo e
ombros foram pontuados como presentes =1 ou ausentes=0 e, a partir desse critério, cada
sujeito poderia alcancar uma pontuagdo total de 105 pontos, considerando-se as regioes

avaliadas bilateralmente.

A classificacdo dos individuos em sintomaticos e assintomaticos foi similar a
classificacdo proposta por ARVIDSSON et al. (2008). Assim, um sujeito foi considerado
sintomdtico quando ele/ela relatasse queixas “frequentemente” ou “muito
frequentemente” durante os ultimos 12 meses, pontuasse pelo menos 11 pontos no
exame fisico ou apresentasse um diagnoéstico especifico para as regides do pescogo ou
ombro. Por outro lado, foi considerado assintomatico o trabalhador que assinalasse
“nunca” ou “raramente” para os seus sintomas durante os ultimos 12 meses, ndo
apresentasse nenhum diagndstico para a coluna cervical ou ombro, pontuasse menos do

que 4 pontos no exame fisico.
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Os sujeitos sintomaticos (S) e assintomaticos (A) apresentaram caracteristicas
similares em relacdo as variaveis que poderiam ser consideradas intervenientes, como
idade (S=34,9+8,6 anos; A=36,7+11,6 anos), altura (S=164+7 cm; A=163+6 cm), tempo de
experiéncia profissional (5=6,8+7,7anos; A=7,3+7,7anos) e género (S=11 mulheres e 4
homens; A=11 mulheres e 4 homens). Em relagcdo aos achados clinicos e diagndsticos
obtidos por meio da avaliagdo fisica, os sujeitos sintomaticos apresentaram 9 diagnosticos
(7 dos 15 sujeitos classificados como sintomaticos apresentaram pelo menos 1
diagnéstico clinico) e uma pontua¢do média de 16,5 pontos para os sintomas e achados
clinicos; ja os individuos assintomaticos ndo apresentaram nenhum diagnoéstico clinico e

obtiveram em média 2,8 pontos na avaliacao fisica.
4.2.2.2 Registro de posturas e movimentos

Quatro inclinometros baseados em acelerometros triaxiais e uma unidade de
aquisicdo (Logger Teknologi HB, Akarp, Sweden) foram utilizados para registrar a postura
e os movimentos da cabeca, tronco superior e bracos direito e esquerdo. A taxa de
aquisicao utilizada foi 20Hz. Os inclindbmetros foram fixados na fronte, a direita da coluna
cervicotoracica no nivel de C7-T1, e, bilateralmente, abaixo da insercao do musculo
deltéide com o auxilio de uma lamina plastica (HANSSON et al., 2001; HANSSON et al,,
2006). Os inclinometros foram conectados a unidade de aquisicio e a posicdo de
referéncia e direcdo dos movimentos foram registradas. Para os membros superiores, a
posicdo de referéncia foi estabelecida com o sujeito sentado com o brago ao longo do
corpo e perpendicular ao solo, segurando um peso de 2 kg. A posi¢do de referéncia para a
cabeca e tronco superior foi estabelecida com o sujeito em pé, olhando para frente. A
direcdo dos membros superiores foi obtida a 90° de elevagdo do brago no plano da
escapula. A direcdo para a cabeca e para o tronco superior foi definida enquanto o sujeito

estava sentado com seu pescogo e tronco fletidos (HANSSON et al., 2006).

Cada técnico de enfermagem teve seus movimentos registrados em média por 6 horas
de trabalho regular. Um fisioterapeuta treinado acompanhou os técnicos de enfermagem
durante as medidas e fez anota¢des detalhadas do inicio e fim das diferentes tarefas,

assim como, das pausas.
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4.2.3 Identificacao das tarefas

As tarefas foram identificadas com base na observacao do fisioterapeuta treinado que
acompanhou os técnicos de enfermagem durante o periodo de trabalho. A opinido dos
proprios técnicos de enfermagem e o Guia de Ergonomia para o Cuidado com o Paciente:
Movimento e Manuseio Seguro do Paciente (FRAGALA et al, 2001) foram também

utilizados para a separacgao e descricao das tarefas.

A seguir sdo descritas as nove (9) tarefas identificadas com a respectiva duragao

média em minutos descrita entre parénteses:

- Tarefa 1 (Separar materiais e medicamentos): Separar e preparar a medicacao, os
materiais utilizados no banho e a alimenta¢do dos pacientes em bancadas localizadas no

interior do setor (56 minutos);

-Tarefa 2 (Anotagdes em prontuario): Realizar anotagdes no prontuario médico
informando os procedimentos realizados durante os cuidados com paciente. O técnico
realizava essa atividade em pé ou sentado em uma cadeira com os bragos apoiados em

uma mesa (41 minutos);

- Tarefa 3 (Cuidados gerais como paciente): Atividade de cuidados gerais ao paciente,
incluindo as tarefas de aferir sinais vitais, injetar medicamento, pun¢do venosa,

alimentac¢ao do paciente entre outras (67 minutos);

-Tarefa 4 (Manuseio do paciente): Atividades de manuseio do paciente que incluiam
as tarefas de transferéncia do paciente entre macas, da maca para a cadeira de rodas e

vice-versa, mudanca de decubito do paciente no leito, entre outras (4 minutos);

-Tarefa 5 (Banho e troca de roupa de cama): Atividade de dar banho nos pacientes no
chuveiro ou no leito, assim como vesti-los e realizar a troca dos lengéis da cama (22

minutos);

-Tarefa 6 (Limpeza de materiais): Tarefa de limpeza das camas, monitores cardiacos e

demais materiais utilizados na unidade de terapia intensiva (12 minutos);
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-Tarefa 7 (Comunicacdo): Comunicacdo com colegas e chefes para esclarecer

procedimentos e discutir conduta de agao com os pacientes (21 minutos);

-Tarefa 8 (Auto-cuidado préprio): Atividades de auto-cuidado como lavagem das
maos, vestir avental e luvas para a realizacdo de procedimentos, entre outras (14

minutos);

- Tarefa 9 (Deslocamento): Deslocamento do técnico de enfermagem no interior do

hospital (34 minutos).

4.2.3 Analise dos dados

Os resultados foram descritos por meio de média e intervalo de confianca-IC (95%)
dos percentis de postura e fracdo de tempo gasto em amplitudes pré-estabelecidas. Para
os angulos de elevagdo dos membros superiores, os percentis 10, 50 e 90 e a fracao de
tempo gasto em amplitudes superiores a 30°, 60° e 90° foram calculados. Os angulos de
flexo-extensao da cabega e tronco superior foram derivados para os percentis 10, 50 e 90
e para a fracdo de tempo gasto em amplitudes superiores a 15° 30° e 45°. Os valores
positivos denotam a flexdo e os valores negativos a extensdo da cabeca ou tronco
superior, assim o percentil 10 é uma medida de extensdo enquanto que o percentil 90,

uma medida de flexao.

Todos os calculos foram realizados no SPSS v11.5 (SPSS Inc, Chicago, IL, USA). Para a
comparagado entre as tarefas, a média e o intervalo de confianga (95%) foram calculados
para cada uma das nove atividades avaliadas. As tarefas foram comparadas por meio da
ANOVA de medidas repetidas. Caso o teste identificasse diferencas (p<0,05), o post-hoc de
Tukey era conduzido para localiza-las entre os pares de tarefas. Além da evidéncia
estatistica de diferenca entre as tarefas (p<0,05), n6s consideramos que um intervalo de
confianga inter-tarefas indicando uma diferenca de pelo menos 10% da amplitude de
movimento da regido avaliada seria clinicamente relevante. Esse limite foi estabelecido de
acordo com a Associacdo Médica Americana (AMA, 2005), a qual estabelece que existe
relevancia clinica para a diferenca entre grupos ou efeito do tratamento, quando essas
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diferencas sdo superiores a 10% da amplitude de movimento da articulacdo que esta
sendo avaliada.

Os limites para a cabega, tronco superior e bracos foram estabelecidos a partir da
maxima amplitude de movimento adotada por cada uma das regides durante todas as
tarefas realizadas. Seguindo esse critério, os limites de amplitude estabelecidos para esse
estudo foram de 8,7° para a cabeca, 7,1° para o tronco superior e 10,9° para os bracos.

Da mesma forma, foram consideradas clinicamente relevantes, as diferencas entre a
fracdo de tempo gasto em amplitudes pré-estabelecidas, quando essa fracdo apresentasse
pelo menos 10% de diferenca entre as tarefas avaliadas considerando-se o intervalo de
confianca.

Para a comparacao dos individuos sintomaticos e assintomaticos, os registros de
exposicao postural foram analisados para todas as tarefas em conjunto, isto é, sem
considerar as diferentes atividades. Assim, os percentis de postura e fracao do tempo
gasto em amplitudes pré-estabelecidas foram calculados para o registro inteiro. O teste t
para amostras independentes (p<0,05) foi aplicado para cada um dos percentis de
postura e fracdo de tempo gasto nas amplitudes pré-estabelecidas para comparar os
individuos com e sem sintomas. Os mesmos limites aplicados para a comparagdo entre as
tarefas, também foram aplicados para a comparagdo entre trabalhadores sintomaticos e
assintomaticos.

Os intervalos de confianca apresentados nas figuras sao aqueles onde houve
evidéncia estatistica de diferenca entre grupos ou tarefas associada a relevancia clinica.
As diferencas, entre tarefas ou grupos, identificadas apenas pelo teste estatistico e que
ndo atenderam ao critério de relevancia clinica estabelecido por este estudo ndo foram

apresentadas nas figuras.

4,3, RESULTADOS
4,3,1 Comparacdo entre as tarefas
Posturas da Cabega e Tronco Superior

Grandes amplitudes de movimento para a cabe¢a sdo observadas em todas as

tarefas avaliadas, com amplitudes de flexdo variando de 36° a 52° para o percentil 90
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(Figura 6). Diferencas entre as tarefas tornam-se evidentes quando os percentis 50 e 90
sdo observados. Para o percentil 50, as atividades 1 e 2 apresentaram, em média, 33%
maiores amplitudes de flexdo do que as atividades 3, 4,5 e 6 e 118% quando comparadas
as atividades 7, 8 e 9. Houve evidéncia estatistica de diferenga quando as atividades 1 e 2
foram comparadas as atividades 7 e 9, sendo que essas diferencas foram de pelo menos 9°
considerando o limite inferior do intervalo de confianga. O padrao de diferenca entre as
tarefas, observado para o percentil 50, se manteve para o percentil 90, ou seja, as tarefas
1 e 2 (separar materiais e medicamentos e realizar anota¢des em prontudrios)
apresentaram maiores amplitudes de flexdo quando comparadas as demais tarefas;
contudo, as diferencas percentuais entre as tarefas diminuiu. Ja a tarefa que apresentou as
menores amplitudes de movimento foi a tarefa 7 (comunicacdo entre trabalhadores e

chefes).

Em relacdo a porcentagem de tempo gasto em posturas extremas para a cabeca,
identifica-se que assim como para os percentis, as tarefas 1 e 2 apresentaram maiores
médias de porcentagem de tempo gasto em amplitudes de risco, comparativamente as
demais tarefas, para todas as condi¢des avaliadas (>15° >30° >45°). Considerando a
flexdo da cabega acima de 15°, as fragdes de tempo de gastas em cada tarefa apresentaram
grandes diferencas (42% para a tarefa 7 e 73% para a tarefa 2), sendo que houve
evidéncia estatistica de diferenca entre as tarefas 1 e 2, comparativamente as tarefas 7 e
9, e entre as tarefas 4 e 5 quando comparadas a tarefa 7, sendo que essas diferengas entre
as tarefas foram de pelo menos 10% da fracao de tempo gasto em amplitudes extremas.
Para a fracdo de tempo gasto acima de 30°, observa-se que durante a realizacdo das
atividades 1 e 2, os técnicos de enfermagem permaneceram, em média, 39% mais tempo
em amplitudes acima de 30° do que durante a realizacdo das atividades 3, 4, 5 e 6. Quando
comparadas as atividades 7, 8 e 9, as tarefas 1 e 2 exigiram que os trabalhadores
permanecessem em média 122% mais tempo em flexdo da cabega acima de 30°. Para essa
condi¢do (porcentagem de tempo gasto acima de 30° de flexdo da cabega), houve
evidéncia estatistica de diferenca entre as tarefas 1 e 2 quando comparadas as tarefas 7, 8
e 9. Em relacdo a porcentagem de tempo gasto acima de 45° as diferencas entre as

atividades 1 e 2 em relagdo as demais tarefas se manteve, sendo que as maiores
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diferencas ocorreram entre as atividades 1 e 2 (20% em média) e as atividades 7, 8 e 9

(7 % em média).
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Figura 6. Média e intervalo de confianca das médias para os percentis 10, 50 e 90 e para as fragdes de tempo gasto acima de 15°, 30° e 45° da cabeca de
30 técnicos de enfermagem realizando 9 tarefas. Tl-preparar medicacdo, T2- anotacGes no prontudrio, T3- cuidados gerais com o paciente, T4-
manuseio dos pacientes, T5- banho e troca dos pacientes, T6-limpeza de cama e materiais, T7- comunica¢do com colegas e chefes, T8-auto-cuidado, T9-

deslocamento no hospital. *Diferencas estatisticas significativas e clinicamente relevantes e intervalo de confianga da diferenca entre as tarefas.
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Os percentis 10, 50 e 90 para a flexdo do tronco superior estdo apresentados na
Figura 7. Para os percentis 10 e 50, a tarefa 2 apresentou discretamente maior flexdo do
tronco superior quando comparada as outras atividades. Em relagcdo ao percentil 90, a
flexdo do tronco superior foi alta para todas as tarefas, contudo uma discreta diferenca foi
identificada quando as tarefas de 1 a 6 (31° em média) foram comparadas as tarefas de 7
a9 (24° em média). De maneira geral, esse comportamento das diferencas entre as tarefas

foi similar ao apresentado anteriormente para a cabega.

Em relagdo a porcentagem de tempo gasto em flexdo do tronco superior, a tarefa 2
apresentou a maior porcentagem de tempo em flexdo acima de 15° (47%), seguida pelas
atividades 4 e 5, 38 % e 39%, respectivamente. Similar as porcentagens de tempo em
amplitudes extremas da cabec¢a, as atividades 7, 8 e 9 apresentaram as menores
porcentagens de tempo em amplitudes extremas comparativamente as demais tarefas. As
diferencas entre as tarefas 2 e 7 para a porcentagem de tempo em flexdo do tronco
superior acima de 15° foram estatistica e clinicamente relevantes (1C:10,8-40,1%). Para
as porcentagens de tempo acima de 30° de flexdo do tronco superior, todas as tarefas
apresentaram porcentagens de tempo inferiores a 20%, sendo que as tarefas 2 e 5 foram
as que apresentaram maiores médias, 16% e 15,5%, respectivamente. Em relagdo a
porcentagem de tempo gasto em flexdo do tronco acima de 45° todas as tarefas

apresentaram valores pequenos, 3,6% em média.
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Figura 7. Média e intervalo de confianca das médias para os percentis 10, 50 e 90 e para as fragcdes de tempo gasto acima de 15°, 30° e 45° do tronco

superior de 30 técnicos de enfermagem realizando 9 tarefas. T1-preparar medicacdo, T2- anota¢bes no prontuario, T3- cuidados gerais com o paciente,

T4- manuseio dos pacientes, T5- banho e troca dos pacientes, T6-limpeza de cama e materiais, T7- comunica¢ao com colegas e chefes, T8- auto-cuidado,

T9-deslocamento no hospital. *Diferencas estatisticas significativas e clinicamente relevantes e intervalo de confianga da diferenca entre as tarefas.
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Posturas dos Bragos Direito e Esquerdo

Os percentis 10, 50 e 90 para a elevagdo dos bracos direito e esquerdo sdo
apresentados na Figura 8. Analisando-se comparativamente os segmentos esquerdo e
direito, de maneira geral, as amplitudes de elevacdo foram muito similares para ambos os
bracos em todos os percentis avaliados, com a o bracgo direito apresentando amplitudes

de elevacao discretamente maiores que o esquerdo.

Pequenas diferencas entre as tarefas foram identificadas quando o percentil 10 foi
analisado. Contudo, para o percentil 50, as tarefas de 2 a 5 apresentaram em média 25%
maior elevagdo dos bracos direito e esquerdo quando comparadas as demais atividades.
Ja para o percentil 90, as tarefas 3 e 8 apresentaram os maiores angulos de elevacao dos
bracos (67° em média), seguido pelas tarefas 4,5 e 6 (61° em média). Além de amplitudes
maiores, a tarefa 3 (cuidados gerais com o paciente) tem ainda como agravante o fato de
ter maior duracdo no turno de trabalho do que as demais tarefas. Diferente dos percentis
da cabeca e tronco superior, as tarefas 1 e 2 apresentaram os menores valores de

elevacao dos bracos para o percentil 90, assim como as tarefas 7 e 9.

A porcentagem de tempo gasto em amplitudes extremas foi similar entre os bragos
direito e esquerdo para todas as tarefas avaliadas (Figura 9). A porcentagem de tempo
gasto na elevacao dos bracos acima de 30° foi alta e variou de 39% a 60% para o braco
direito e de 35% a 59% para o brago esquerdo, sendo que houve evidéncia estatistica e
relevancia clinica da diferenca entre as tarefas 1 e 5 (IC: 10,0-37,5%) para o braco
esquerdo. Comparativamente, as tarefas de 2 a 5 apresentaram maiores porcentagens de
tempo gasto em amplitudes extremas do que as demais tarefas. Da mesma forma, as
tarefas de 3 a 5 apresentaram maiores porcentagens de tempo em elevacdo dos bragos
acima de 60° quando comparadas as outras tarefas. Em relacdo ao tempo gasto em
elevacao dos bracos acima de 90°, todas as tarefas apresentaram pequenas porcentagens,

em média 2%.
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Figura 8. Média e intervalo de confianca das médias para os percentis 10, 50 e 90 dos bracos direito e esquerdo de 30 técnicos de enfermagem

realizando 9 tarefas. T1-preparar medicacdo, T2- anota¢cGes no prontudrio, T3- cuidados gerais com o paciente, T4- manuseio dos pacientes, T5- banho e

troca dos pacientes, T6-limpeza de cama e materiais, T7- comunicacdo com colegas e chefes, T8- auto-cuidado, T9-deslocamento no hospital.

*Diferencas estatisticas significativas e clinicamente relevantes e intervalo de confianca da diferenga entre as tarefas.
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Figura 9. Média e intervalo de confianga das médias para a fragdo de tempo gasto (%) acima de 30°, 60° e 90° dos bragos direito e esquerdo de 30
técnicos de enfermagem realizando 9 tarefas. T1-preparar medicacao, T2- anota¢bes no prontudrio, T3- cuidados gerais com o paciente, T4- manuseio
dos pacientes, T5- banho e troca dos pacientes, T6-limpeza de cama e materiais, T7- comunicacdo com colegas e chefes, T8- auto-cuidado, T9-

deslocamento no hospital. *Diferencas estatisticas significativas e clinicamente relevantes e intervalo de confianca da diferenca entre as tarefas.
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4.3.2 Comparacio entre trabalhadores sintomaticos e assintomaticos

A porcentagem de tempo gasto em amplitudes extremas pelos sujeitos com e sem
sintomas esta apresentada na Figura 10. Maiores porcentagens de tempo foram gastas em
amplitudes extremas pelos sujeitos sintomaticos do que pelos trabalhadores
assintomaticos, tanto para a cabega como para o tronco superior. Houve evidéncia
estatistica de diferenca entre os individuos com e sem sintomas para o tronco superior
nas porcentagens de tempo acima de 15° e de 30°. Contudo, essas diferencas ndao foram
superiores aos limites de relevancia clinica estabelecidos por esse estudo, ou seja, pelos
menos 10% de diferenca entre os grupos. Para essas diferencas, o intervalo de confianca
variou de 0,6-21% para a fracdao de tempo em elevacdo do tronco acima de 15° e de 0,5-

12% para a porcentagem tempo em elevacao do tronco superior acima de 30°.

Para os membros superiores direito e esquerdo, diferencas muito pequenas entre os
sujeitos com e sem sintomas puderam ser observadas na porcentagem de tempo gasto

com os membros superiores elevados acima de 30°, 60° e 90°.

Similarmente aos resultados de tempo, os percentis 10, 50 e 90 da cabeca, tronco
superior e membros superiores mostraram que os trabalhadores considerados
sintomadticos apresentaram, de maneira geral, maiores amplitudes de flexdo da cabecga e
do tronco superior comparativamente aos trabalhadores assintomaticos, contudo nao
houve evidéncia estatistica de diferengas entre os grupos (resultados nao ilustrados). De
forma similar, pequenas diferencas entre técnicos de enfermagem sintomaticos e

assintomaticos foram identificadas para os percentis dos bragos direito e esquerdo.
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4.4 DISCUSSAO

Técnicos de enfermagem trabalhando em uma Unidade de Terapia Intensiva
apresentaram alta exposicao postural para a cabega, tronco superior e ombros. Essa
exposicao postural variou entre as atividades realizadas durante o turno de trabalho.
Diferencas estatisticas ocorreram entre as tarefas para os percentis de postura e fracdo do
tempo gasto em amplitudes extremas da cabeca. De maneira geral, maiores amplitudes
posturais e maior tempo gasto em amplitudes extremas foram observados para os
trabalhadores sintomaticos do que para os trabalhadores assintomaticos, mas sem

evidéncia estatistica de diferenca entre esses dois grupos.
Posturas da cabega e tronco superior

A exposicdo postural para cabega e para o tronco superior foi alta para todas as
atividades avaliadas (em média 47° para o percentil 90). Reconhece-se que a postura da
cabeca adotada durante o trabalho apresenta uma forte associagdo com o
desenvolvimento de lesdo musculoesquelética (BERNARD, 1997; COSTA e VIEIRA, 2010).
Ha evidéncias de que as posturas extremas afetam a cinemadtica articular e o
recrutamento muscular, promovendo um aumento da carga compressiva no pescogo, dor
e disturbios nessa regido (SZETO et al, 2005). ARIENS et al, (2001) verificaram que a
flexdo da cabega acima de 20° por pelo menos 70% do periodo de trabalho aumentava o
risco de dor no pescoco. Nesse sentido, todas as tarefas realizadas pelos técnicos de
enfermagem podem ser consideradas de risco e deveriam ser replanejadas
ergonomicamente com a finalidade de controlar as amplitudes de flexdo da cabeca.
Particularmente, as tarefas 1 e 2 merecem atencdo, pois além da maior exposicdo
postural, essas tarefas também apresentaram maior duracdo no turno de trabalho
(aproximadamente 35% do tempo total registrado). Como ja mencionado anteriormente,
essas tarefas sdo realizadas no posto de enfermagem, com o trabalhador em pé (tarefas 1
e 2 ) e sentado (tarefa2) e parecem decorrer de problemas ergondmicos simples,
facilmente corrigidos com alteracdes de mobiliario ou orientagdes posturais. Como esses
habitos (realizar anota¢des em uma mesa na posicdo em pé) sdo comuns nos postos de

enfermagem, eles merecem aten¢do em programas preventivos.
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Posturas dos Bragos

Similarmente aos resultados da cabeca, os bracos direito e esquerdo apresentaram
altas amplitudes posturais para todas as atividades avaliadas (em média 62° para o
percentil 90). Posturas em abdugdo ou flexdo dos bracos acima de 60° sdo consideradas
extremas (DELLEMAN e DUL, 2007) e podem ser potencializadas por outros aspectos tais
como, a utilizacdo de forca (BROOKHAM et al,, 2010) e a presenca de fatores psicossociais
(Jensen et al, 2000). Esses fatores estdo presentes nas atividades realizadas pelos

técnicos de enfermagem, principalmente nas unidades de terapia intensiva.

As posturas extremas dos bracos tém sido associadas com o desenvolvimento de
lesdo musculoesquelética (BERNARD, 1997) por promoverem um aumento da carga
mecanica no ombro e nos nervos periféricos o que pode causar danos aos tecidos dessa
regido (STAAL et al., 2007). Entre as tarefas analisadas, as tarefas 3 (cuidados gerais com
o paciente), 4 (manuseios dos pacientes) e 5 (banho, troca de roupa do paciente e da
cama) foram as que apresentaram maior fracdo de tempo gasto em amplitudes acima de
60° (em média 16,5%). As atividades 4 e 5 tém o agravante de ocorrerem associadas a

utilizacao de forga, o que potencializa o risco de lesao,

O membro superior direito apresentou amplitudes discretamente maiores de
elevacdo quando comparado ao membro superior esquerdo. Esses resultados sdo
similares aos apresentados em uma metanalise por HANSSON et al. (2010), que
avaliaram a exposicao postural dos membros superiores direito e esquerdo em diferentes
tipos de trabalho. Os autores recomendam que, apesar das pequenas diferencas entre os
bracos, ambos os lados devem ser avaliados visto que, de maneira geral, ha uma maior
prevaléncia de lesdes musculoesqueléticas no membro superior direito e que essas

diferengas na exposicao podem ser fatores de risco importantes para explicar as lesdes.

Considerando os resultados obtidos, todas as atividades realizadas pelos
trabalhadores avaliados ofereceram alta exposicdo postural para a cabega, tronco
superior e bracos. Portanto, embora as atividades de manuseio de pacientes recebam
mais aten¢do nos estudos ja publicados na literatura por estarem mais associadas ao

desenvolvimento de lesdo na coluna lombar (JANG et al., 2007, SKOTTE AND FALLENTIN,
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2008), nossos resultados sugerem que todas as atividades realizadas por enfermeiros
deveriam ser analisadas em avaliagdes de risco. Em nosso estudo, as amplas amplitudes
registradas para a cabeg¢a e o tronco superior indicam que essas regides siao também

susceptiveis.

Comparacgdo entre técnicos de enfermagem sintomdticos e assintomdticos

Nao houve diferenca estatistica entre os trabalhadores sintomaticos e
assintomaticos para nenhuma das regides avaliadas (cabeca, tronco superior e bragos
direito e esquerdo). Contudo, houve uma tendéncia de que maiores amplitudes e tempo
gasto em amplitudes extremas ocorressem para os trabalhadores sintomaticos. Esses
resultados foram similares aos encontrados por AKESSON et al. (1997), SZETO et al.
(2005) e ARVIDSSON et al. (2008) os quais avaliaram, respectivamente, as diferencas
entre a postura do pescogo em dentistas, trabalhadores de escritério e controladores de
trafego aéreo sintomadticos e assintomaticos. Esses estudos também ndo encontraram
diferencas entre os individuos com e sem sintomas, mas observaram uma tendéncia dos
sintomaticos apresentarem maiores amplitudes de movimento quando comparados aos
assintomaticos. JA MADELEINE et al. (1999, 2003) avaliaram trabalhadores de industrias
do processamento de carne e relataram que individuos com sintomas apresentavam
amplitudes significativamente maiores de flexdo do que aqueles sem sintomas. Esses

autores sugeriram que mudangas motoras estariam relacionadas a dor.

Os resultados acima apresentados sdo concordantes entre si e concordam também
com os apresentados no presente estudo, no entanto, sdo contrarios as observagodes gerais
sobre dor cronica de que a dor tende a limitar as amplitudes de movimentos. Por
mecanismos antalgicos, individuos com dor tendem a evitar movimentos mais amplos que
possam eliciar a dor. Os estudos de DALL’ALBA et al. (2001) e DVIR et al. (2006)

compararam individuos com doengas cronicas do pescog¢o a controles saudaveis e

observaram uma reducao nas amplitudes de movimento dessa articulagdo de até 35%.

Outra possivel explicacdo para os resultados obtidos em nosso estudo e nos demais
com trabalhadores ativos, seria que trabalhadores com dor ja apresentassem um padrao

de movimento diferenciado, envolvendo amplitudes maiores, previamente ao
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desenvolvimento da dor. Esse comportamento poderia ocorrer devido a fatores
individuais, como personalidade do individuo, stress psicossocial e fatores motivacionais
(VASSELJEN AND WESTGAARD, 1995; MARRAS et al,, 2000). Para avaliar essa hipétese
seriam necessarios estudos prospectivos que avaliassem exposicdo postural e
movimentos cervicais em individuos saudaveis que fossem acompanhados ao longo do
tempo. Um estudo de PUNNETT et al. (2004) apresenta resultados que reforcam essa
interpretacdo de nossos dados. Os autores avaliaram varios itens de exposicao fisica,
dentre eles posturas ndo neutras e freqliéncias de ocorréncias posturais, em
trabalhadores da industria automotiva realizando trabalhos similares. Os resultados
mostraram que aproximadamente 10% dos participantes sem sintomas ou achados
clinicos na linha de base desenvolveram novas lesdes dentro do periodo de um ano de
seguimento. Evidéncias de associacdo entre doencgas musculoesqueléticas e exposicao a
riscos ergondmicos foram relatados. Assim, a exposicdo a amplitudes mais extremas
prévias, determinadas pela atividade ou por padroes individuais, ndo pode ser descartada

como fator contributivo ao desenvolvimento da dor.
Consideragdes metodoldgicas

A avaliacdo da exposicdo postural dos técnicos de enfermagem foi realizada
através de inclinometria. Esse método foi validado por HANSSON et al. (2001) que
relataram 1,3° de erro quando comparado a um equipamento de referéncia. Esse
equipamento permite o registro continuo de posturas da cabeca, tronco superior e bragos
durante todo o turno de trabalho. A limitacdo desse instrumento é que as aceleragdes
dinamicas introduzem erros nas medidas e que os movimentos de rotacdo ndo podem ser
registrados (HANSSON et al, 2010). Por outro lado, um aspecto positivo desse
instrumental é a possibilidade de que longos periodos de registros sejam realizados em

ambiente ocupacional.

Um aspecto positivo desse estudo foi a interpretacdo dos resultados levando em
consideracdo a relevancia clinica das diferencas e os intervalos de confianca. Isso porque,
o uso apenas dos p valores fornece uma resposta dicotdmica entre a existéncia ou nao de

diferencas estatisticas, mas pouco informa sobre a magnitude das diferencgas encontradas.
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J& os intervalos de confianga permitem avaliar melhor a ordem de grandeza das

diferencas (GARDNER e ALTMAN, 1986; GARDNER e ALTMAN, 1990).

O desenho transversal desse estudo limita as possibilidades de extrair conclusdes
sobre a relacdo causal entre exposicdo postural do pescoco e membros superiores e o
desenvolvimento de lesdes musculoesqueléticas nessas regidoes. Estudos prospectivos
poderiam avaliar se técnicos de enfermagem adotando movimentos de maiores
amplitudes de cabeca e membros superiores desenvolveriam sintomas ao longo do

tempo.
4.5. CONCLUSOES

Técnicos de enfermagem apresentaram alta exposicao postural para cabega, tronco
superior e bracos na maioria das tarefas realizadas durante o trabalho. Isso indica que
ndo apenas as atividades de manuseio de pacientes deveriam ser consideradas quando
uma andlise da exposicdo fisica desses profissionais estd sendo realizada. Dentre as
atividades avaliadas, as tarefas de separar materiais e fazer anotagdes no prontuario
médico foram as que ofereceram maior risco postural para a cabecga e tronco superior,
sugerindo que alteracbes ergonOmicas e orientacdes preventivas devam ser

implementadas para o controle de risco nessas atividades.

Ainda, ndao houve diferenca estatistica entre as posturas adotadas pelos técnicos de
enfermagem com e sem sintomas durante a atividade ocupacional, mas observou-se uma
tendéncia de que os trabalhadores sintomaticos apresentassem maiores amplitudes de

movimento do que os assintomaticos.
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5. CONSIDERACOES FINAIS
Consideracgoes sobre os estudos

Os resultados dos estudos apresentados permitem a extracdo de algumas diretrizes
para a avaliacdo do pescoco em ambiente ocupacional. Por sua dinamica articular
complexa, a qual inclui a ocorréncia de movimentos ao redor dos trés eixos
simultaneamente, a avaliagdo do pescogo em ambiente ocupacional deve ser realizada por
meio de equipamentos aptos a registrar todos os movimentos do pesco¢o de forma
precisa e confiavel. S6 assim, a real exposicdo postural a que aos trabalhadores estdo

submetidos podera ser mensurada.

Dessa forma, novos equipamentos devem ser desenvolvidos ou os ja existentes
aprimorados para que esse objetivo seja atendido, visto que os eletrogonidometros
flexiveis ndo se mostraram ferramentas validas para a mensuracao dos movimentos do
pescoco devido ao alto crosstalk registrado, principalmente, durante a realizacdao dos
movimentos de flexo-extensdo e rotacdo. Os inclindmetros, apesar de ndo permitirem o
registro dos movimentos de rotacdo, apresentaram bons resultados de validade
concorrente e sdo a Unica ferramenta portatil disponivel para o registro dos movimentos

do pescoc¢o durante longos periodos em ambiente ocupacional.

A avaliacdo da exposi¢do postural da cabega, tronco superior e bragos de técnicos de
enfermagem revelou que esses profissionais adotam grandes amplitudes de movimento e
gastam significativas fracdes de tempo em amplitudes extremas, na maioria das
atividades ocupacionais realizadas. Com base nesses resultados, ndo apenas as tarefas de
manuseio de pacientes deveriam ser consideradas quando andlises da exposicdo fisica
desses profissionais sdo realizadas ou quando os programas preventivos sdo
implementados. Ainda, dentre as atividades avaliadas, as tarefas de separar medicacao e
fazer anotagdes no prontudrio médico apresentaram o maior risco postural para o
pescoco, o que indica a necessidade de alteracdes ergondémicas no mobilidrio e

orientacdes posturais com intuito de reduzir esses riscos.

81



Atividades realizadas durante o periodo de Doutorado

Durante o periodo de realizagdo do Doutorado (2008-2011), outras atividades
concomitantes foram desenvolvidas. Essas atividades estao relacionadas a participagdo
em outros projetos de pesquisa desenvolvidos no Laboratério de Fisioterapia Preventiva

(LAFIPE) e co-orientacdo de aluna de Iniciacao Cientifica.

Dentre essas atividades, destaco o estudo desenvolvido para avaliar os modelos de
sensores eletrogoniométricos mais adequados para avaliar os movimentos do pescoco. Os
resultados desse estudo serviram de base para o planejamento do segundo estudo e
foram apresentados na forma de artigo completo “Aplicacdo de Sensores
Eletrogoniométricos e Torsiométricos na Avaliacdo Tridimensional da Amplitude de
Movimento da Coluna Cervical” (ANEXO D) no Congresso Brasileiro de Ergonomia
(Abergo), 2008.

Além disso, um treinamento para utilizagdo dos inclinémetros foi realizado com apoio
do pesquisador Gert-Ake Hansson que esteve no Brasil em novembro de 2008. Como
resultado desse treinamento, um estudo completo intitulado “Registro postural da cabega,
tronco superior, cervical e membros superiores em situacdo ocupacional: Descricao de
um método por inclinometria.” (ANEXO E) foi apresentado no Congresso Brasileiro de
Ergonomia, 2008.

Ainda a participacdo no Projeto de Pesquisa- “Avaliacdo de riscos biomecanicos para
distirbios osteomusculares em ombros de eletricistas” resultou na co-autoria em dois
artigos cientificos: 1) “Postures and Movements in the most common tasks of Power Line
workers” aceito para publicagio no periddico Indutrial Health (ANEXO F); 2)
“Occupational Posture Exposure Among Construction Electrician” artigo submetido para
o periodico Applied Ergonomics (ANEXO G).

A participacdo nessas atividades contribuiu de forma significativa para minha
formacao académica e cientifica. Além disso, as discussdes constantes com os colegas de
laboratério e pesquisadores se refletiram em aprimoramentos nos estudos apresentados

previamente.
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Abstract: No guidelines are available to orient researchers on the availability and
applications of equipment and sensors for recording precise neck movements in
occupational settings. In this study reports on direct measurements of neck movements in
the workplace were reviewed. Using relevant keywords two independent reviewers
searched for eligible studies in the following databases: Cinahal, Cochrane, Embase, Lilacs,
PubMed, MEDLINE, PEDro, Scopus and Web of Science. After applying the inclusion
criteria, 13 articles on direct neck measurements in occupational settings were retrieved
from among 33,666 initial titles. These studies were then methodologically evaluated
according to their design characteristics, exposure and outcome assessment, and statistical
analysis. The results showed that in most of the studies the three axes of neck movement
(flexion-extension, lateral flexion and rotation) were not simultaneously recorded.
Deficiencies in available equipment explain this flaw, demonstrating that sensors and
systems need to be improved so that a true understanding of real occupational exposure can
be achieved. Further studies are also needed to assess neck movement in those who
perform heavy-duty work, such as nurses and electricians, since no report about such jobs
was identified.

Keywords: portable equipment; direct measurements; cervical movement; occupational
exposure
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1. Introduction

Work-related neck disorders are associated with a high degree of pain and incapacitation [1]. This
fact can be demonstrated by the high prevalence of neck pain and related musculoskeletal disorders
found in different occupational groups such as dentists—48% [2], nurses—45.8% [3], telephone
operators—43.2% [4] and office workers—63% [5], among others.

The origin of these musculoskeletal disorders is considered multifactorial [6], with a strong
association having been demonstrated between biomechanical risk factors related to posture and
movement and the occurrence of work-related neck pain [7,8]. Inadequate postures affect joint
kinematics and muscular recruitment, promoting an increase in compressive load on the cervical
column and generating pain and disorders in the region [9].

The association between awkward postures and the development of musculoskeletal disorders
indicates the need for recording neck posture and movement in occupational settings in order to allow
that these factors can be quantified and evaluated [10]. Nevertheless, Ariens et al. [6], in a literature
review, emphasize a lack in studies evaluating physical exposure using standardized methods of direct
measurement of acceptable quality.

Over the last decade, new portable equipment for registering posture and movement in the
workplace, such as electrogoniometers and inclinometers, has become available. Initial evaluations of
these direct measurement systems have suggested that they are both precise and reliable [11-13]. Other
desirable characteristics are that they can be easily operated and don’t interfere with work
tasks [14-17]. Furthermore, they should allow for evaluations of all neck movements during the whole
shift work and be sensitive enough to identify small variations in movement.

Therefore, the objective of this literature review was to investigate the applications and limitations
of the systems for direct measurement of neck movement in the workplace. To this end
methodologically qualified studies were identified and evaluated regarding the types of neck movement
recorded, the occupational groups evaluated and the principal results obtained.

2. Methods

2.1. Literature search strategies

A search of the databases Cochrane Library, Cinahl, Embase, Lilacs, PEDro, Pubmed/Medline and
Web of Science/Science Direct was conducted using the following keywords: neck, cervical spine,
head, posture, movement, risk factors, work exposure, occupational exposure, work related
musculoskeletal disorders, pain, symptom, discomfort, recording, workplace, worksite, work, job and
occupational activity. Each electronic database was searched to identify studies published in English
from the first available year until June, 2009.

Inclusion criteria

In order to be accepted for this review, the presence of the following three aspects was required: the
use of direct measurements of posture and/or movement of the neck of active workers in their
occupational settings.



Sensors 2010, 10 10969
Exclusion criteria

All studies that did not simultaneously address the above-mentioned aspects were excluded from
this review.

2.2. Procedures for the identification of studies

Initially, two independent reviewers selected studies based on their titles, excluding those that were
clearly not related with the theme of the review. Subsequently, the abstracts of all selected titles were
analyzed to identify those that met the criteria of inclusion. The potentially relevant articles were
obtained in full version for final evaluation. The reference lists of these articles were checked
independently by the two reviewers to identify potentially relevant studies that might not have been
found in the electronic search. Any disagreements during the process were discussed until a consensus
was reached.

2.3. Procedures for the evaluation of studies

The two reviewers independently evaluated the methodological quality of the studies using an
adapted list of criteria (Table 1) from the one proposed by Ariens et al. [6] for evaluating the
methodological quality of observational studies.

Table 1. Description of the different items in the quality assessment lists proposed by
Ariens et al. [6]. The highlighted items were applied in this review for evaluating the
methodological quality of the studies included.

Item categories with various definitions Design® I, V/P®
Study purpose

A. Positive if a specific, clearly stated purpose was described Cr Ca Pr |1
Study design

B. Positive if the main features (description of sampling frame, distribution Cr Ca Pr |
by age and gender) of the study population were stated.

C. Positive if the participation rate at the beginning of the study was atleast Cr Ca Pr V/P
80%

D. Positive if the cases and referents were drawn from the same population Ca V/P
and a clear definition of the cases and referents was stated. Persons with

neck pain in the last 90 days had to be excluded from the reference group

E. Positive if the response after 1 year of follow-up was at least 80% or if Pr V/IP
the nonresponse was not selective

Exposure measurements

F. Positive if the data on physical load at work were collected and used in Cr Ca Pr V/P
the analysis

G. Positive if the data on physical load at work were collected and used Cr Ca Pr V/P
using standardized methods of acceptable quality




Sensors 2010, 10 10970

Table 1. Cont.

H. Positive if the data on psychosocial factors at work were collected and Cr Ca Pr V/P
used in the analysis

I. Positive if the data on psychosocial factors at work were collected and Cr Ca Pr V/P
used using standardized methods of acceptable quality

J. Positive if the data on physical and psychosocial factors during leisure Cr Ca Pr V/P
time were collected and used in the analysis

K. Positive if the data on historical exposure at work were collected and Cr Ca Pr V/P
used in the analysis

L. Positive if the data on history of neck disorders, gender, and age were Cr Ca Pr
collected and used in the analysis

M. Positive if the exposure assessment was blinded with respect to disease Cr Ca

status

N. Positive if exposure was measured in an identical way among the cases Ca

and referents

O. Positive if the exposure was assessed at a time prior to the occurrence of Ca

the outcome

Outcome measurements
P. Positive if data on outcome were collected using standardized methods Cr Ca Pr V/P
of acceptable quality®

Q. Positive if incident cases were used (prospective enrollment) Ca VI/IP
R. Positive if the data on outcome were collected for at least 1 year Pr V/IP
S. Positive if the data on outcome were collected at least every 3 months Pr VI/IP

Analysis and data presentation
T. Positive if the statistical model used was appropriate for the outcome Cr Ca Pr V/P
studied and the measures of association estimated with this model were
presented (including confidence intervals) ¢
U. Positive if the study controlled for confounding factors Cr Ca Pr V/IP
V. Positive if the number of cases in the multivariate analysis was at least Cr Ca Pr V/P
10 times the number of independent variables in the analysis
% This column shows whether the item was used in the quality list for cross-sectional (Cr),
case-referent (Ca) or prospective cohort (Pr) studies.
® This column shows whether the stated item was an information (1) or a validity/precision item.
° This item was scored positive if one of the following criteria was met: (i) for direct
measurements, intraclass correlation coefficient >0.60 or kappa >0.40; (ii) for observational
methods, intraclass correlation coefficient >0.60 or kappa >0.40; for the inter- or inter-aobserver
reliability.
¢ This item was scored positive if one of the following criteria was met: (i) for self-reported data,
intraclass correlation coefficient >0.60 or kappa >0.40; (ii) for registered data, data must show that
the registration system was valid and reliable; and (iii) for physical examination, intraclass
correlation coefficient >0.60 or kappa 0.40 for the intraobserver reliability.

This list assesses studies regarding their validity and precision, and includes the following
categories: study objectives, population studied, exposure measurements, result measurements, and
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analysis of data. Since the objective of this review was to evaluate the methodological quality of
studies regarding physical measurements of occupational exposure, the items in Ariens et al. [6] that
were not highly associated with the quality of direct measurements were not considered, such as
psychosocial factors. Besides, only cross-sectional studies matched the inclusion criteria of this study.
Therefore, the items of criteria list only related to case-control and cohort studies were not evaluated.
Table 1 highlights the items that were actually assessed.

2.4. Evaluation of methodological quality

The included studies were evaluated according to the adapted scale, receiving either a positive (+) or
a negative (—) mark for their treatment of each item in question. Any item for which information was
not clearly presented was marked as not described (ND). Items classified as positive received one
point. Since there were six items included in the scale, the maximum potential score would be six
points. Nevertheless, one of the items (Exposure measurements Item F, Table 1) was also part of the
inclusion criteria for the study, making its evaluation for methodological quality redundant. Thus,
considering the items that required a score, a study could achieve a maximum of five points. Based on
this arrangement, studies receiving at least three points (>50%) were categorized as having high
methodological quality [6,18].

The methodological quality of each study was classified by two independent reviewers. Any
disagreements were discussed until a consensus was reached. When agreement could not be reached, a
third reviewer (senior researcher) was consulted to make a final decision.

2.5. Data extraction

The reviewers extracted the following information from the articles independently: the name of the
equipment used for recording neck posture, the types of movement recorded by the instrument (neck
flexion-extension, lateral flexion and rotation), the duration of postural recording, the objective of the
study, the number of subjects evaluated, the occupational activity evaluated and the numerical results
regarding posture or neck movements.

2.6. Levels of evidence

Point systems for levels of association between risk and development of musculoskeletal disorders
are generally used in reviews of cohort, case-control and cross-sectional observational studies in the
workplace [6,18]. Nevertheless, no such system could be used in this review as there were no cohort or
case-control studies associating risks present in the workplace and the development of musculoskeletal
disorders that matched the inclusion criteria. Thus, only cross-sectional studies that recorded postures
by means of direct measurement in the workplace were included. Within this framework, the included
studies analyzed aspects such as comparisons between genders, between symptomatic and
asymptomatic individuals. The levels of evidence established for the cross-sectional studies in this
review were based on those of Bradford-Hill [19]:
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- Strong evidence: Two or more high-quality studies with consistent multivariate results;

- Moderate evidence: One high-quality study or two low-quality studies with consistent
multivariate results;

- Limited evidence: One low-quality study or unadjusted results;
- Conflicting evidence: Inconsistent studies of same quality (consistent high quality or consistent

low quality).

3. Results and Discussion

Electronic search

The electronic search resulted in a total of 33,666 references, of which 8,108 were identified as
duplicate titles; thus 25,558 remained available for reviewer analysis. Each reviewer read,
independently, all of the titles retrieved, and of these, 1,576 were considered potentially pertinent.

Figure 1. Steps followed for selection of the 13 complete articles included in the study.

Total titles found
(33,666)

Titles included in
the study (25,558)

Non-pertinent
titles (23,982)

Repeated titles
(8.108)

Consensual analysis

among reviewers

Pertinent titles
(1.576)

Non-pertinent
abstracts (1.553)

Consensual analysis

among reviewers

Pertinent abstracts
(23)

Non-pertinent
articles 10)

Consensual analysis

among reviewers

Pertinent complete
articles (13)

The 1,576 abstracts were also read independently by the reviewers and, after new analysis, 23 were
considered pertinent to the theme of the review. The complete texts of these studies were located and
read. Of these, ten articles were excluded for the following reasons: the methods for using the postural
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recording equipment were not described, the occupational activities were simulated in laboratories, or
workers on leave were included in the study. Therefore, 13 studies were ultimately included in this
review. The study selection steps are outlined in Figure 1.

Characteristics of the included studies

Table 2 presents the main characteristics of the 13 studies in this review, including: (1) the
equipment used for postural recording and the duration of recording, (2) type of neck movement
recorded, (3) the objective of the study, (4) occupational activity and number of subjects evaluated and,
(5) presented results.

From the data described in Table 2, it was observed that inclinometers were the most common tools
for recording neck movement in the workplace. According to Hansson et al. [12], this equipment is
used to record neck movement because it is practical, portable, and permits long periods of recording
in the real work setting. Only three studies used a different type of equipment. two used a
physiometer [20,21] and one used an electronic potentiometer [28]. These three studies were published
prior to the others.

The recording of neck movement varied between 13 min [27] and 7 h [29], with no association
verified between recording time and other aspects of the study.

Regarding the type of movement recorded, neck flexion-extension was evaluated in all included
studies. However, although the inclinometers and electronic potentiometers recorded neck lateral
flexion movement, only five studies [22,25,28,30,31] reported the results for this movement. Only one
study [28] reported neck rotation results from the electronic potentiometer. In part, this could be
explained by the equipment used, considering that the measuring principle of inclinometers (the
equipment used in 10 of the 13 studies) is the relative angle of the sum-vector of acceleration. In static
conditions, this angle coincides with the line of gravity, which makes it impossible to record rotation
along the vertical axis [12]. Although inclinometers can record neck lateral flexion, this only occurred
in four of the ten studies that used this equipment. This deficiency in the recording of lateral flexion
and rotation movements in the neck is a critical aspect as it considerably compromises the
understanding of cervical movement. The dynamic of these movements has been recognized as
biomechanically and physiologically complex [33,34]. The neck movements occur due to the action of
intervertebral discs and the zygo-apophyseal and uncovertebral joints, which represent complementary
geometric surfaces. This anatomical configuration determines that movements in the cardinal planes
are combined between each other [35-37]. Combination of movements is defined as “the consistent
association of one motion around an axis with another motion around a different axis” [38]. Functional
neck movements occur around the three movement axes simultaneously. However, it was observed that
clinical studies have been investigating each axis of movement separately [39,40]. The combined
movements, nevertheless, play an important role in neck functionality [41,42] and are subject to
alterations in the presence of pain, lesions and diseases of the cervical column [43].
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Table 2. Used equipment, duration of the recording, objective of the measurements, occupational activities and relevant findings.

Equipment and

Avrticle duration of Postural Movements Aim of measurements Occupational activity and Relevant Findings
. recorded number of workers*
Recording
Pendulum Potenciometer Industrial workers
Aard (Physiometer) Flexion/ To analyze p05|t_|on_ of the upper arm . . Head flexion was negatively correlated with arm flexion
. and head as an indicator of load on Total: not described - .
et al. [20] extension : and with load on the upper trapezius muscle.
the shoulder. Included: 14 workers
-About 1 hour-
(11 female, 3 male)
Measured: 14 workers
Postural load influenced the musculoskeletal sick leave.
Pendulum Potenciometer To study the relationship between Industrial workers However, the head flexion influenced the trapezius load
Aarss u(l;h siometerl) Flexion/ postural load for a group of workers much less than the arm position. The workers in
Y . and the development of Total: 331 workers redesigned work stations 10C (39-58<) e 11B (15-48<) had
etal. [21] extension loskeletal ill lated luded: k head flexion than those in oriainal K stati
-About 1hour- musculoskeletal illness related to Included: 331 workers greater head flexion than those in original work station 8B
length of employment. Measured: Not described (9-319. In spite of 10C and 11B work stations have lower
musculoskeletal sick leave.
There were not relevant differences between disorders and
non-disorders dentists for flexion/extension movements,
Dentists but higher differences were identified when the lateral
To describe potential neck and flexion movements were analyzed.
Inclinometers . . P . Total: not described Head angles (95th-5th percentile)
. Flexion/ upper limb risk factors in female . : - . . R .
Akesson (Logger Teknologi) . . . Included: 12 workers 1) Flexion/extension: Non-disorders:41<7); Disorders:
extension and dentists- comparison between .
etal. [22] lateral flexion symptomatic and asymptomatic Measured:12 workers 42511)
-16 min- ymp workersy P (6 non-disorders, 6 2) Lateral flexion: Non-disorders:50<6); Disorders: 24 <7)
' disorders) Upper back angles (95th-5th percentile)
1) Flexion/extension: Non-disorders:26<4); Disorders:
198)
2) Lateral flexion: Non-disorders:25<7); Disorders: 13<3)
Air traffic controllers The postural workload showed only minor differences
incli " between genders.
Arvidsson (Loncépgg?(i(igs i Flexion/ To evaluate the physical workload in Total: 187 workers Head angles(50™ percentile): Female: 8<7); Male:126)
et al. [23] 99 g extension a group of women and men. Included: 187 workers (p>0.05)

-59min (56-65)-

Measured: 14 workers
(7 female, 7 male)

Upper back angles (50"percentile): Female:1312);
Male:12<6) (p>0.05)
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Equipment and

Article duration of Postural Nll,g\clglmdirgs Aim of measurements chagﬁag;c:ﬂn;l \Z%t;\ligéf nd Relevant Findings
Recording
Inclinometers There were large differences in the musculoskeletal loads
! . . . between old and new systems. During the breaks, the neck
(Logger Teknologi) . . Air traffic controllers . .
To evaluate physical exposure, in ranges were higher than during work.
. . : terms of posture, movements and . . Neck flexion (95"-5" percentile)
Arvidsson Old system: 59 min Flexion/ muscular load among air traffic Total: ngt described 1)Female (p<0.05 old vs. new; p<0.05 break vs. work in
etal. [24] (56-65) . . Included: 14 workers
New system:51 min extension controllers performing the same Measured: 14 workers new and old system)
- work task in two systems. ) Old:37(4); New:28(10); Break:50(5)
(46-55) (7 female, 7 male) : )
Break: 40 min (30-49) 2) Male ( p<0.05 break vs. work in new and old system):
' Old:35(9); New:26(14); Break:50(9)
Air traffic controllers There was no significant difference in neck posture
Inclinometers Flexion/ To find out whether females with between cases and referents. _
Arvidsson (Logger Teknologi) extension and clinically defined neck-shoulder Total: 70 workers Neck flexion/extension (50th percentile): Cases:44(9);
etal. [25] lateral flexion disorders performed this work Included: 70 workers Referents: 42(10) (p>0.05)
-56 min (36-66)- differently than healthy referents. Measured: 24 workers Neck lateral flexion: Similar in cases and referents
(13 cases, 11 referents)
Operators processing There were evident differences between all three system
Inclinometers wooden boards for parquet  designs. The automated line showed larger range of motion
(Logger Teknologi) To quantify change in physical flooring for the head while the semi-automated line showed the
Baloah Flexion/ workload as a consequence of the lowest one.
etal [926] 1.5 hour (manual) extension stepwise technical development of Total:152 workers Head angles ( p < 0.05 *manual vs. semi-automated,
: 1hour (semi-automated three generations of production Included: 152 workers Ymanual vs. automated, semi-automated vs. automated)
line) and 4 hours system designs. Measured: 31 female 1) Manual: 10th: 4(1;6)*Y; 90th: 29(27;31)
(automated line) operators (25 manual and  2) Semi-automated: 10th: -1(-4;2) % 90th: 21(18;24) **
semi-automated and 6 3) Automated: 10th: -10(-17;-2)*%; 90th: 31(24;38)’
automated line )
) DT using a mouse
Inclinometers Head angle: 10" 4(-3-15); 90": 21(13-33)
(Logger Teknologi) Upper back angle:10™: 5(-13-33);m90™: 12(-9-46)
. _ To determine the physical workload Comparing the applications _
Drawing table (DT): on neck and upper limb in computer VDU workers The applications did not have a large impact on the
- 1) mouse: 26 min ] aided design (CAD) work, and to postures. The inter-individual differences were bigger for
Bystram 2) keyboard: 25 min Flexion/ evaluate the impact of two different Total: 16 workers upper back. _
etal. [27] extension Comparing input devices

Solid modeling (SM):
1) mouse: 23 min
2) keyboard: 22 min

Standing: 13 min

Included: 15 workers
Measured: 9 workers (male)

CAD applications, two different
input devices and sitting and
standing work positions.

Non significant differences were found for comparison
between devices.

Comparing standing and sitting

Forward head bending was higher when standing and
forward upper back lower.
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Equipment and

Avrticle duration of Postural Moven:jerclits Aim of measurements Occupakt)lonil aCt“l:'ty fnd Relevant Findings
Recording recorde number of workers
. . Fork lift drivers
Work vehicle drivers Head was twisted to the left when driving, and to the right
Electric  Potenciometers Total: not described when handllng gooqls. Whe_n h!gh apove the. ground, head
; ; extension occurred in combination with rotation.
(Nickometer,Goteborg) . Included: 16 workers . .
Flexion/ T . Forestry machine drivers
- To identify important causes of Measured:16 workers . . . .
Eklund . ) . extension, lateral . More head rotation occurred using a rotatable cabin than in
Fork lift trucks: 40 min - postural load for work vehicle (3 female, 13 male) .
et al. [28] S flexion and . - . other machines.
Forestry machines:30 . drivers, especially head posture. 5 fork lift trucks
min rotation 9 forestry machine Crane operators
Cranes: 40 min 5 craner)c/) erators Conventional crane demanded higher trunk flexion,
) P compensated with slight head extension, compared to the
redesigned crane, where there was also less lateral flexion
of the head.
Office workers Regarding the postures, there was almost no agreement
Total: 363 office workers between questionnaire-assessed and technically measured
Included: 276 answered the ~ mechanical exposure within the occupational groups.
questionnaire Working with the head:
Inclinometers To evaluate the agreement between Measured: 41 1) Bent backward: Office workers (k = 0.18); Cleaners
Hansson (Logger Teknologi) Flexion/ questionnaire-assessed and (24 female, 17 male) (k =0.18).
etal. [29] 99 g extension technically measured mechanical 2) Bent forward a little: Office workers (k = 0.34);
' 3.5 hours (1-7 hours) exposure to different posture and Cleaners Cleaners (k = 0.24)
' movements. Total: 273 cleaners 3) Bent forward a lot: Office workers (k =—0.07)
Included: 218 answered the ~ Cleaners (k = 0.07)
questionnaire Working with the back:
Measured: 41 1) Bent forward a lot: Office worker (k = -0.06);
(41 female, 0 male) Cleaners (k =—0.12)
No significant correlation was found between perception
of variables in physical demands at work, perception of
workload and the neck angles.
. Neck angles
Inclinometers Dentists Flexion/extension Lateral flexion
Jonker (Logger Teknologi) Flexion/ To examine associations between 10th: -12.5(-16:-9) 10th: -9.5(~11.8:-7.1)
et al. [30] 99 g extension and work postures/movements and self- Total: 73 dentists e ’ e e

4 hours

lateral flexion

reported workload.

Included: 24 dentists
Measured: 24 dentists

90th: 27.4(24.2;30.5) 90th: 15.4(12.4;18.4)
Neck angles (back/forward) associated with:
repetitive movements (r = 0.07,p = 0.75)

monotonous working positions (r = 0.01,p = 0.99)
uncomfortable working positions (r = —0.21,p = 0.35)
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Equipment and

Movements

Occupational activity and

Article duration of Postural Aim of measurements Relevant Findings
- recorded number of workers*
Recording
. The difference between the observational method and
Workers in poultry direct technical measurements was 27% for neck flexion.
Inclinometers To compare postures and movements processing After adjustments for the different reference positions
Juul- A Flexion/ in repetitive poultry processing plant . A Used, dlﬁerences n neck fleXIon decreased to 13%.
; (Logger Teknologi) ; - ; Total: not described Head anales
Kristensen extension and work using a video-based Included: 21 workers (3 J ang ]
etal. [31] 55 mi lateral flexion observation method and direct Kers wt luded d Flexion/extension: 10th: 8(7); 90th: 31(5)
min technical measurements. workers W_ere exclude ue Lateral ﬂeXlOn: lOth '9(4) 90th 7(4)
to technical problems) Upper back angles
Measured: 18 workers Flexion/extension 10th: 3(5); 90th: 16(4)
Lateral flexion: 10th: -10(4); 90th: 5(4)
Repetitive industrial tasks No major gender differences could be found concerning
. working postures of the head.
Inclinometers To evaluate whether male and female . .
Nordander . . A . . Head flexion/extension
etal. [32] (Logger Teknologi) Flexion/ workers performing identical work Total: 514 workers Female: 50th: 22(9.8): 90th: 41(9.2)
' extension tasks differ in risk of disorders or in Included: 502 workers ) ' o ’ '

3hours and 58 min

physical or psychosocial exposure.

Measured: 37 workers
(19 female and 18 male)

Male: 50th: 24(6.3); 90th: 43(7.5)

Total = total number of workers;
included = number of workers included in the study;

measured = number of workers evaluated by direct measurements
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For this reason, the isolated recording of neck flexion-extension movements by studies in this
review does not represent the real postural exposure of individuals in the workplace. Considering the
interdependence of cervical movements, any equipment designed to record them should be able to
register all movements simultaneously. This will led to the inclusion of simultaneous recordings of the
three neck-movement axes in future studies. For this to occur, it would be necessary to either improve
the actual systems available or to develop new ones. It is also worth noting that the equipment should
not physically restrict neck movement amplitude in any of its axes. Furthermore it should be light,
portable and allow for the postural recording during the long periods as the whole work shifts.

Regarding the occupational activity carried out by subjects in the reviewed studies, the recordings
were made of workers who performed either sedentary and/or repetitive activities, such as dentists, air
traffic controllers and office or industrial workers. The unique study that evaluated the posture and
neck movements in more varied activities was Hansson et al. [29], which included cleaning workers in
its sample. The choice of occupational groups involved in sedentary and repetitive activities could be
related to the high prevalence of neck pain complaints in these populations reported in
literature [1,44,45]. However, it has also been recognized a high prevalence of neck symptoms in
activities considered heavier and more varied, such as, the work of electricians [46] and nurses [3].
Nevertheless, no study on postural exposure evaluated by direct means was located for these jobs.

The purpose for the measurements reported in the studies analyzed here varied widely. The
objectives of the studies will be described and discussed together with their methodological
characteristics under the heading “Characteristics of the studies associated with their methodological
quality.”

Evaluation of methodological quality

The results of the methodological evaluation carried out with the adapted scale from
Ariens et al. [6] are presented in Table 3.

Of the 13 evaluated articles, nine scored >3 points and thus were considered to have high
methodological quality. Nevertheless, no study got the full score (5 points). A contributing factor to
this result was that the item “participation rate” was negative or not described for every study. The
strict criterion adopted for a positive mark, which was that at least 80% of the sample had to have been
evaluated by direct means, was not accomplished by any of the studies. In some of the studies a large
number of subjects were evaluated by means of questionnaires and physical exams, but only a small
percentage of these individuals were recorded by direct measurements.

This result demonstrated the difficulty present in studies using direct measurements to evaluate a
large number of workers. This is understandable when we consider that the procedures and data
analysis for this type of study are highly demanding in terms of data processing and analyzing and are
expensive to perform [47]. It should also be taken into account that the worker participation rate will
vary considerably when they are invited to either filling out a questionnaire or allowing equipment to
be fixed on their body for movement recording during a whole work shift. Thus, the small number of
subjects evaluated in studies using direct measurements should be considered a characteristic of this
type of study and not a limitation.
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Table 3. Methodological evaluation of the studies included in this review. As mentioned in Method, data on physical load using standardized
methods (direct recording) at work was applied as an inclusion criterion for the present study, and not considered for the total score sum.

[20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32]

Design

Participation rate at

baseline at least 80% or not ND ND ND - ND - - - ND - - ND -
selective

Exposure assessment

Data on physical load at

work collected and used in + + + + + + + + + + + + +
the analysis

Data on physical load
collected using
standardized methods of
acceptable quality

Outcome assessment
Data on outcome collected
with standardized methods
of acceptable quality

+
+
+
+
+
+
+
+
+
+
+
+
+

Analysis

Statistical model
appropriate for the
outcome studied and a
measure of association
(including confidence
intervals) presented
Number of cases in the
multivariate analysis at
least 10 times the number
of independent variables

Total score 2/5 2/5 3/5 3/5 2/5 3/5 4/5 2/5 3/5 3/5 4/5 3/5 4/5
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Another item that tended to be negatively evaluated by the scale, and for which only three
studies [26,30,32] were given a point, was the inclusion of the confidence interval and adequacy of the
statistical model used.

Although the majority of studies presented relatively adequate statistical models, they did not
describe the confidence interval. The confidence interval has been recognized as advisable for
scientific articles as it allow for that inferences can be drawn about the consistency and clinical
relevance of the results. According to Sim and Reid [48] this is possible because the confidence
interval depends on the variability of the data and the sample size.

Characteristics of studies associated with methodological quality

The two studies [23,32] in which gender differences were evaluated were considered studies of high
methodological quality. In these two studies, no significant differences were identified between men
and women for posture and neck movement during occupational activity, which counts as strong
evidence about the subject.

Another two studies of high methodological quality compared symptomatic and asymptomatic
subjects [22,25]. In the study by Akesson et al. [22], small differences were identified between dentists
with and without symptoms for flexion-extension movement of the head and trunk. However, greater
differences for the lateral flexion movements of the head and the trunk (26 <and 12 < respectively) were
reported. Arvidsson et al. [25] reported no differences between symptomatic and asymptomatic air
traffic controllers for flexion-extension of the head and upper trunk, but in this study the lateral flexion
of the head and upper trunk was not numerically reported. These results indicate strong evidence for an
absence of difference between individuals with and without symptoms for neck flexion-extension
movement. However, there was moderate evidence for the existence of differences between these
groups regarding neck lateral flexion movement. These results reinforce the need for evaluating all
neck movements simultaneously in studies on the postural exposure of this region of the body.

In two studies of low methodological quality [24,27] and in one of high methodological
quality [26], maodifications to workstations or in the system of production were evaluated.
Arvidsson et al. [24] compared the old and new workstations of air traffic controllers and identified a
significant reduction in neck flexion after improvements were made to the design. Bystrdm et al. [27]
evaluated individuals working with computer-aided design (CAD), specifically the two programs
PROFESSIONAL-CADAM® and PRO/Engineering®, and compared the exclusive use of the mouse to
the use of the mouse plus keyboard while operating the above-mentioned programs. The authors
reported no differences in worker neck posture and movement during the use of the two programs or
during input with the mouse alone and mouse plus keyboard. Balogh et al. [26] evaluated the neck
overload induced by manual, semi-automatic and automatic systems of production. In this study the
authors identified a statistically significant difference between manual and semi-automatic systems,
manual and automatic systems, and semi-automatic and automatic systems regarding head flexion.
However, all the results considered, no evidence can be reached for these studies evaluating
workstation intervention as they investigated very distinct conditions through different clinical
outcomes. However, it can be pointed out that the use of direct measurements may be a useful and
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sensitive resource for identifying variations in posture and movement before and after ergonomic
intervention.

Hansson et al. [29] and Jonker et al. [30] evaluated the correlation between self-reporting of
physical overload by workers and the results obtained by direct measurement in two studies of high
methodological quality. In both studies correlation between overload reported by workers and the neck
angles recorded by inclinometer was not identified. The results of these studies revealed strong
evidence for the absence of correlation between these two measuring methods, indicating that one
cannot be substituted for the other. Nevertheless, we should consider that these studies were not carried
out in situations of more extreme postural exposure, when the perception of individuals tends to
become more accurate [49]. Juul-Kristensen et al. [31] described the relation between an observational
method for evaluating posture and movement and the angles recorded by means of direct measurement.
For the observational method, an observer categorized neck flexion as either <20°or >20< The mean
duration of neck flexion >20=was 92% in the observational method and 65% in the inclinometer
registration. This difference between methods decreased to 13% after adjustments for the different
reference positions. As only one high quality study has compared observational method and direct
angle measurements a moderate evidence for differences between these methods was achieved.

Generally, recording protocols consisting of observational methods have the advantage of being
inexpensive and practical and can be used in a diverse array of workplaces. Nevertheless, they present
limitations such as lower precision when compared to direct measurements, the need for highly trained
observers, and restrictions for the use in dynamic tasks, which limit them to more static and repetitive
tasks [47,50]. Furthermore, their internal and external validity are questionable [51]. In spite of these
limitations, in some occupational situations these are the only possible forms of recording. On the other
hand, studies reporting quantitative biomechanics measures taken by direct measurement are complex
and, depending on the physical characteristics of the equipment, can influence performance and affect
the results [10].

4. Final Considerations

The results of this review highlight a lack of studies evaluating the three axes of neck movement
simultaneously. This is directly due to deficiencies in the equipment and systems currently available
and indicates the need to either the development of new equipment and systems or the improvement of
the existing ones. Considering the complexity of cervical movement and the fact that each movement
occurring in one plane is necessarily associated with some degree of movement in its orthogonal plane
(coupling), the real postural exposure present in occupational activities were not fully recorded so far.
That could only be achieved by means of new equipment, which would be able to record the cervical
movements simultaneously.

Another deficit identified in the available literature is the lack of studies evaluating the neck posture
and movement of workers performing heavier and more varied activities. Considering the high
prevalence of neck pain complaints associated with activities, such as, the ones carried out by nurses
and electricians [3,46], these studies are still needed.
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Moreover, none of the included studies evaluated a sufficient number of subjects by direct
measurement to reach the minimum participation rate (80%) required for high methodological quality
in studies evaluating occupational exposure [6,18]. This deficiency, however, should be considered
with caution. Understanding the methodological difficulties inherent in studies using direct
measurement, the small number of evaluated subjects seems to be more a characteristic than a
limitation. Thus, specific guidelines for exposure studies are still necessary to assure proper
methodological evaluation of these studies.

Finally, this systematic review focused on evaluating the methods of neck movement recording in
occupational settings. However, neck posture/movements are only one component of physical load
involved in the development of work related neck pain. The force exerted by the hands and the static
load in neck region, for example, are also relevant factors related to neck pain and they should be
evaluated by valid and reliable methods. Nevertheless, this study has not reviewed the methods of
Kinetic variables recording which would be important for understanding the quality of kinetic
measurements performed in occupational settings.
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ABSTRACT

This study evaluated the concurrent validity between goniometers (EGM), inclinometers
(INC) and a three-dimensional analysis system based on video recording (IMG) in
simultaneous and synchronized data collection. Twelve females performed four neck
movements: flexion/extension, lateral flexion, rotation and circumduction. The differences
between EGM, INC, and IMG were calculated sample by sample. For flexion/extension
movement, IMG underestimated the range of motion (ROM) by 20% (is the figure 20%
correct when we change the base for the reference ROM to the average ROM for the
three systems?); moreover, EGM showed a crosstalk of 20% for the lateral flexion and
rotation axes. In lateral flexion movement, all systems showed similar ROM and the inter-
system differences for the main and orthogonal axes were moderate (4% - 7%). For
rotation movement, EGM showed a high crosstalk error (15%?) for the flexion/extension
axis. During the circumduction movement, IMG underestimated the ROM for
flexion/extension by about 20%, and the inter-system differences were high (about 20%)
except for INC-IMG regarding lateral flexion and EGM-INC regarding flexion/extension,
which were below 10%. For application in occupational settings, INC presents good
concurrent validity though INC cannot record rotation movement. EGM should be
improved in order to reduce its crosstalk errors and allow recording of the full neck ROM.
Due to non-optimal conditions during flexion-extension movement, IMG underestimated
these movements. For complex movements, dissimilarities regarding angle

representation may have increased the inter-system differences.

Occupational settings, movement recording, concurrent validity, neck

movements
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1. Introduction

Work-related neck disorders are associated with a high burden of both pain and
disability in the working population [1]. The origin of these disorders has been recognized
as multifactorial, including evidence that working postures and movements are
associated risk factors [2].

Awkward postures affect joint kinematics and muscular recruitment, promoting an
increase in compressive load on the cervical column and leading to pain and disorders in
the region [3]. This fact underscores the need for recording neck posture and movement
in occupational settings so that these variables can be quantified and evaluated [4].

Different systems, such as three-dimensional analysis based on video recordings,
opto-electronic tracking systems, electrogoniometers and inclinometers have been used
to record movement in dynamic situations. However, there is no “gold standard” method
for recording neck movements. Concurrent agreement between instruments has been
reported as the best validation for cervical motion to date [5].

Three-dimensional analysis based on video recording and tracking systems has
been generally accepted as the most precise method for recording neck movement [6].
However, the main limitation of such systems is that they are not feasible for use in
occupational settings since they need a calibrated field to perform the three-dimensional
reconstruction and the anatomical markers must be identified by at least two cameras
simultaneously, which restricts the subject’'s movement to a limited area. Another difficulty
is related to data analysis; the rotation sequences used to calculate Euler angles in video-
based analysis have not been described consistently in previous studies, which is
aggravated by the fact that the adoption of different sequences can lead to different
outcomes [7, 8].

Ambulatory equipment, such as electrogoniometers and inclinometers, can be
useful for recording movement in occupational situations. However, these systems have
not been comparatively evaluated with other, more accurate and precise equipment.
Moreover, this type of equipment has not yet been evaluated for recording neck
movement. It should be considered that designs based on consecutive measurements
restrict the conclusions that can be drawn from their results, since the effects of subject
repositioning and movement variability during different trials cannot be isolated from
instrument differences [9].

Thus, the aim of this study was to assess concurrent validity between flexible
electrogoniometers, inclinometers and a three-dimensional analysis system based on

video recording in simultaneous and synchronized data collection.
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2. Methods

2.1 Subjects

Twelve healthy females (age 26.1 £ 3.4 years; height 162.2 + 3.3 cm; weight 58.6
+ 10.2 kg) participated in the study. Subjects presenting pronounced deviations of neck
posture, symptoms or restricted range of movement were excluded. This study was

approved by the local Human Research Ethics Committee (Protocol 047/08).

2.2 Equipment

Three different kinds of equipment were used for recording neck angles. Video
was recorded with two digital camcorders (Panasonic NV-GS320, Kadoma, Japan). The
electrogoniometer recordings were carried out with a biaxial electrogoniometer (M110), a
torsiometer (Q110) and an acquisition unit (DatalLog, Biometrics Ltd., Gwent, UK). The
inclinometer recordings were carried out with two inclinometers (based on triaxial
accelerometers) and an acquisition unit (Logger Tecknologi HB, Akarp, Sweden). The
sampling frequency was 60 Hz for the video recordings and 20 Hz for the

electrogoniometer and inclinometer recordings.

2.2.1 Video Recordings (IMG)

A calibrated field was created for the video recordings. Eight steel wires were
suspended from the laboratory ceiling. Along each wire three spherical reflective markers
(10 mm diameter) were positioned 40 cm apart. These twenty four reflective markers
were used to define the calibration frame (Figure 1A). Two cameras were placed one
above the other at 130 cm apart from each other (70° of inclination between them)
(Figure 1B) so that both could record all of the markers on the wires for the calibration

procedure as well as on the subjects during the head movements.
Insert Figure 1 about here

To evaluate upper back movement, reflective markers (10 mm diameter) were
attached to: 1) the upper back at fourth thoracic vertebra, 2) the right acromion and, 3)
the left acromion. To record head movement, three reflective markers were attached to
three metallic rods mounted perpendicularly on a plate fixed above the external occipital
protuberance (Figure 1C).

The markers reconstruction error of the camera system was assessed using the
method described by Barros et al. [10], and found to be less than 1 mm for all evaluated
directions. The Euler angle sequences flexion/extension, lateral flexion and rotation was

used throughout the study.
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2.2.2 Electrogoniometer Recordings (EGM)

The biaxial electrogoniometer and torsiometer were attached to each other with
adhesive tape. To avoid displacement between the sensors, they were affixed to an
acrylic device.

To measure neck movement, the electrogoniometer/torsiometer endblocks were
attached at the seventh cervical vertebra. The telescopic endblocks were fixed at an
external occipital protuberance over a cap (Figure 1C).

According to the manufacturer of the biaxial goniometer, the error for the main
axes is £2° and the crosstalk error is +4.5° for +90° deviation around the main axes. The

error for the torsiometer is £2° for £90° rotation around the main axis.

2.2.3 Inclinometer Recordings (INC)

Double-sided adhesive tape was used to attach the inclinometers to the subjects.
One inclinometer was fixed to the upper back at the right side of the seventh cervical
vertebra next to the goniometers, and the other inclinometer was attached to the subject’s
forehead (Figure 1C). Inclinometer calibration was performed according to the
procedures described by Hansson et al. [11]. The inclinometer’s error is small (1.3°), and
it can be mounted in an arbitrary orientation on a body segment since its coordinates may
be transformed to the coordinates of the body segment by recording a reference and
direction position [11]. The projection of the vector that described the degree and
direction of inclination on the horizontal plane was used to describe the flexion/extension

and lateral flexion movements.

2.3 Procedures
Reference position and movement recording

Subjects were seated in a chair within the calibrated field of the video system with
their arms beside their trunk and their hands placed on their thighs. The reference
position for the movement recordings, defined as 0° of flexion/extension, lateral flexion
and rotation was recorded simultaneously by all systems for one minute. For the
reference position, the subjects held their head and upper back in an upright position and
looked straight ahead. The head and upper back forward directions were defined for the
inclinometers with the subject performing upper back and head flexion. After that, the
subjects were instructed to perform four full range head movements: flexion/extension,
lateral flexion, rotation and circumduction. Each movement included five cycles and
lasted for about 1 minute. The sequence of these movements was randomized for each
subject.

The three systems were synchronized by pressing a button which activated a
light emitting diode. This signal was identified by both cameras and also triggered the
event-marker inputs of the electrogoniometer and the inclinometer dataloggers. Although
the systems were synchronized at the start of the experiment, a small time lag was

occasionally observed between the recorded signals. This lag may have been due to
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differences in internal signal processing in the inclinometer, goniometer and video
acquisition units and the imprecision in the equipment’s sampling rates. When any lags

were detected, they were corrected in the analysis (see below).

2.4 Data Analysis

Video data were digitized with Ariel Software (APAS®, Ariel Dynamics, Inc.,
Trabuco Canyon, USA) The x, y, z co-ordinates of the reflective markers on the upper
back and the head were calculated using direct linear transformation (DLT). After that,
data from the three systems were processed using a routine developed in MatLab version
7.6 (MathWorks Inc., Natick, MA, USA). In this routine, the reflective marker coordinates
were used to calculate the Euler angles in the flexion/extension, lateral flexion and
rotation sequence. The Euler angles were calculated separately for head and upper back
movement, and neck angles were then derived as the difference between head and
upper back angles.

For the inclinometers, the head and upper back angles were derived separately.
Neck angles were derived as the head angles minus the upper back angles.

For all systems the data were filtered using a low-pass, second-order, zero-lag
Butterworth filter with a cutting frequency of 10 Hz. All recordings were related to the
reference position, i.e., for each signal the mean value for 15 seconds of the recording
was calculated and subtracted from the recordings. For neck angles recorded by the
video system, the data were re-sampled at 20 Hz. The four movements were identified,
and for each movement the cross-correlation between the signals from the different
systems was calculated. The time lag derived from cross-correlation was compensated
for, thus minimizing any residual synchronization error.

The differences between EGM and IMG (EGM-IMG), INC and IMG (INC-IMG)
and EGM and INC (EGM-INC) were calculated sample by sample and plotted in X-Y
graphs for each subject (Figures 3 and 4). The X axis represents the values recorded by
the system used as reference (IMG for EGM-IMG and INC-IMG comparisons and INC for
EGM-INC comparison), and the differences between the systems are shown along the Y
axis. Next, the root mean square (RMS) values of these differences were calculated for
each movement. Additionally, the ratio between the EGM-IMG, INC-IMG and EGM-INC
RMS differences and the average ROM for the three systems (regarding rotation two
systems) was calculated for each subject. For flexion/extension, lateral flexion and
rotation movements, the ratios were calculated in relation to the range of main axis
movement. For circumduction, the ratios were calculated in relation to their corresponding

movement axis.
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3. Results

3.1 Performed Movements

Mean angles and standard deviation of neck ROM for flexion/extension, lateral
flexion, rotation and circumduction movement recorded by IMG, EGM and INC are
presented in Table 1. The main axes, i.e., the axes along which the primary movements

occurred, are highlighted.
Insert Table 1 about here

During the neck flexion/extension movement, all measurement systems
registered a moderate mean flexion/extension ROM (the average for the three systems
was 49°) and similar and considerable inter-individual variation (15° average SD). For the
orthogonal axes (non-highlighted), IMG recorded low lateral flexion values (3.8°) and
rotation (4.2°), i.e. low coupled movements, while EGM registered high values in excess
of 20° for both lateral flexion and rotation.

For lateral flexion movements, all systems recorded a high ROM (71° on
average) for the main axes. For the orthogonal axes, IMG recorded some
flexion/extension (10.6°) and considerable rotation (27.0°). Corresponding values were
recorded by EGM and INC.

Both IMG and EGM registered high rotation ROM (on average 113°) during the
rotation movements. For the orthogonal axes, both IMG and INC recorded low values,
while EGM showed high flexion/extension ROM. All systems recorded some lateral
flexion.

All systems registered high ROM values for flexion/extension (on average 47°)
and lateral flexion (on average 42°) during circumduction movements, which are complex
and involve combinations of flexion/extension, lateral flexion and rotation. EGM showed

higher values than IMG regarding rotation.

3.2 Inter-system-differences - Individual results

Figures 3 and 4 reveal the differences between EGM and INC in relation to IMG
and Figure 5 reveals the differences between EGM in relation to INC, for one
representative subject during performance of the four neck movements. Each movement
is represented in one column. Each sub-plot in the column presents the data recorded for
one movement axis; the ROM recorded by the reference system can be seen along the
horizontal axis, while the differences between the evaluated and reference system (e.g.
EGM-IMG in Figure 3) can be seen along the vertical axis.

Figure 3 presents the differences between EGM and IMG. For the main
movement axes, i.e., flexion/extension, lateral flexion and rotation, there was a tendency
toward increased differences between equipment with increased range of motion. An

inversion of this tendency occurred for rotation movement at the end of the range.
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Regarding orthogonal axes, EGM recorded considerable ROM (25° to 30°) for lateral
flexion and rotation axes during flexion/extension movement as well as for the
flexion/extension axis during rotation movement, while IMG recorded values close to
zero. These three crosstalk differences are conspicuous and considerably higher than the
differences for the main axes. The other three crosstalk differences were somewhat lower

than the corresponding differences for the main axes.

Insert Figures 3 and 4 about here

Differences between INC and IMG recordings are shown in Figure 4. The
increase in ROM in the flexion/extension axis during flexion/extension movement was
associated with an increase in inter-system differences; in the most forward flexed
position, INC'’s flexion values were about 10° higher than those of IMG. However, this
behavior did not occur for the lateral flexion axis during lateral flexion movement, in which
the differences between recordings were small and almost constant for the full ROM.
There was a difference in flexion/extension axis values during lateral flexion movement
very similar in size and pattern to the corresponding difference between EGM and IMG,
which indicates that there might have been a crosstalk error in the IMG recording rather
than in the EGM and INC recordings. For flexion/extension and lateral flexion axes during
rotation movement as well as for the lateral flexion axis during flexion/extension
movement, the differences between INC and IMG, i.e., the crosstalk errors, were close to
zero.

Figure 5 presents the differences between EGM and INC. For main axis, i.e.,
flexion/extension axis during flexion/extension movement as well as for lateral flexion axis
during lateral flexion movement, there was an increase of inter-system differences with
increased range of motion. For flexion/extension axis during circumduction movement the
differences between systems occurred in the end of flexion range. Regarding orthogonal
axes, high differences were found between EGM-INC for flexion/extension axis during
rotation movement and for lateral flexion axis during flexion/extension movement while
INC recorded values close to zero. These differences were similar to those identified
between EGM-IMG and probably are due to crosstalk errors related to EGM recordings.
The differences between EGM and INC were small for the flexion/extension axis during
lateral flexion movement and lateral flexion axis during rotation and circumduction

movements,

3.3 Inter-system-differences - General results
The RMS differences of EGM and INC in relation to IMG and EGM in relation to
INC as well as the ratio between these differences and the average ROM for the three

systems (two systems for rotation) are presented in Table 2.

Insert Table 2 about here
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When performing movements principally around the main axes, i.e.,
flexion/extension, lateral flexion and rotation (highlighted values in Table 2),
comparatively small relative differences between EGM and IMG were observed for lateral
flexion and rotation movement, (5% and 6%, respectively), while higher values were
found for flexion/extension movement, (11%). However, regarding the orthogonal axes of
the performed movements, where the actual movements were much smaller, greater
differences between systems occurred, in most cases even greater than those of the
main axes. The differences were conspicuously high for the lateral flexion and rotation
axes during flexion/extension movement (20% and 19%, respectively) and for the
flexion/extension axis during rotation movement (14%). Circumduction movement
presented relatively greater differences for almost all movement axes. The high SDs,
exceeding 10° for the rotation axis during both flexion/extension and circumduction
movements, demonstrate that there was substantial inter-subject variation.

Small differences between INC and IMG were detected for the main and
orthogonal axes during all neck movements, except for the flexion/extension axis during
flexion/extension and circumduction movement.

The relative differences between EGM and INC were small for the main
movement axes. Considering the orthogonal axes, small differences were found for
flexion/extension axis during lateral flexion movement and for lateral flexion axes during
rotation movement. As for EGM-IMG comparison, high differences were identified for
lateral flexion axis during flexion/extension movement and for flexion/extension axis
during rotation movement. High differences were also observed for lateral flexion during

circumduction movement.

4. Discussion

The differences regarding the main axes for EGM and INC in relation to IMG and
EGM in relation to INC were similar, except for flexion/extension axis during
flexion/extension movement regarding the comparison between EGM and INC. For
orthogonal axes, the EGM-IMG and EGM-INC differences were similar and greater than
INC-IMG differences. Specifically, during the flexion/extension movement, EGM and INC
showed 17% and 28% higher ranges of flexion/extension, respectively, than IMG,
whereas INC recorded 10% greater ranges of flexion/extension in relation to EGM.
Considering the orthogonal axes, EGM presented a crosstalk of 20% for the lateral
flexion and rotation axes compared with IMG and a crosstalk of 17% for lateral flexion
axis in relation to INC. For the lateral flexion movement, the systems showed small
differences for the main and orthogonal axes and a similar degree of coupled
movements. For rotation movement, EGM recorded a range of rotation similar to IMG, but

exhibited high crosstalk error regarding the flexion/extension axis when compared with
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IMG and INC. INC, which cannot record rotation, presented low crosstalk error for both
the flexion/extension and lateral flexion axes in relation to IMG. During circumduction
movement, both EGM and INC showed great relative differences for flexion/extension
and recorded higher ranges of flexion/extension than IMG; the relative differences for

EGM were high regarding both the lateral flexion and the rotation axes.

4.1 Considerations about IMG recordings

Although no equipment can as yet be considered the “gold standard” for
evaluating neck movement [5]; video-based recording systems are often considered as
reference systems. In our study, some limitations must be considered. The position error
was less than 1 mm in each of the three planes. However, when the positions of two
markers become close or even coincide from the standpoint of one of the cameras, it is
evident that accuracy of the estimated angle is decreased, especially if the positions
appear close from the standpoint of the other camera as well. Considering the positions
of the cameras (Figure 1B) in combination with the forward-tilted orientation of the three
markers on the head (Figure 1C), it is clear that such a condition will occur with even a
limited flexion of the head. In fact, when the mean ROM was calculated separately for
flexion (13.3° IMG, 19.4° EGM and 22.0° INC) and for extension (-29.2° IMG, -30.3° EGM
and -32.6° INC), the differences between the systems occurred mainly during flexion
movement, and it is thus evident that the IMG system underestimated the flexion angles.

The flexion/extension errors could have been reduceded if the camera
arrangement had been composed by three or more cameras. Addition of extra cameras
would have implied the attachment of more reflective markers to the subjects to enable
each camera to record at least three markers throughout the ROM. This arrangement
would also imply that all cameras would lose track of one or more markers during the
movements. Since the handling of missing markers has been recognized as a
supplementary source of error (Chiari et al., 2005) and the pilot tests revealed good
(position) accuracy additional cameras were not used.

The somewhat greater errors found for crosstalk than for main axes movement
may have been due to a corresponding angular misalignment of the jig in relation to the
coordinates of the calibrated field, since the use of a global reference system implies that
angular misalignment of the jig — as well as for the subjects — will create errors
corresponding to the size of the misalignment. Moreover, these errors were presumably
larger during the performed movements, especially circumduction, which combines
movements along all axes.

To minimize variation due to the adopted Euler angle rotation sequence, Hof et
al. [8] suggest that Euler angle sequences should always be reported and every
experimental setting should be investigated to select the best Euler angle representation.

The sequence for the present study was based on the findings in a pilot study.

4.2 Considerations about EGM recordings

10
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Two EGM limitations were identified in this study. The sensor did not allow the full
range of flexion/extension to be reached. First, as mentioned by Straker et al. [13],
flexible electrogoniometers can be limited by exceeding the maximum preset distance
between the two endblocks of the sensor. The second limitation, crosstalk, can occur for
three main reasons: 1) mechanical deviations in the geometrical properties of the
goniometer’s sensory elements; 2) misalignment of one of the endblocks, resulting in
axial rotation of the goniometer; or 3) mounting the goniometer outside the principal plane
of the movement [9]. For the biaxial goniometer, error specifications (i.e. the gain error for
the main axes) and crosstalk refer to movements around the two principal axes. Only the
gain error is specified for the torsiometer; the errors for combined movements are

complex and cannot be derived from the above specifications.

4.3 Considerations about INC recordings

The measurement proincipal of inclinometers is that they record the angle relative
to the vector of total acceleration, which during static conditions coincides with the line of
gravity. Thus they cannot record rotation around a vertical line, which is the most
comprehensive movement performed by the neck as well as the spine (up to 160°,
Levangie and Norkin, [14]). Moreover, dynamic conditions introduce errors; however
during slow movement, as in the present study, these are limited [15]. The basic and
unambiguous output of INC is the inclination in relation to the line of gravity and the
direction of the inclination in reference to the horizontal plane. The representation of
flexion/extension and lateral flexion, derived by projection in the horizontal plane, is only
valid for inclination angles < 90°. Considering the recorded range of motion for the
movements performed in the present study, this condition was fulfilled for both the upper
back and the head.

4.4 Concurrent validity according to AMA criteria

Using a difference of 10% as the criterion for evaluating concurrent validity [16],
the results showed that, for lateral flexion and rotation movement, EGM, IMG and INC
showed agreement for movement occurring in the main axes (see relative differences in
Table 2). These findings corroborate the results of Malmstrém et al. [17] and Gelalis et al.
[18], who reported good concurrent validity for neck movement between non-portable
inclinometers and three-dimensional analysis systems.

Regarding flexion/extension movement, small relative differences were observed
between EGM and INC. However the differences between EGM-IMG and INC-IMG were
higher than the limit set by the AMA [16].These results disagree with both Malmstrom et
al. [17] and Gelalis et al. [18], who observed “valid recordings of” (rather “concurrent
validity for"?) neck flexion/extension movement (between non-portable inclinometers and
three-dimensional analysis systems?). During flexion/extension movement, moreover,
EGM and especially INC recorded a considerably higher range of motion for

flexion/extension than IMG, and these movements had a low degree of coupling. The
11
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dynamic component can have led to INC differences, but considering that the movements
were slow, we don'’t believe that this alone accounts for these results. One contributing
factor to the differences is that high ROM flexion/extension movements, which are
restricted by EGM length, strained the adhesion between the EGM telescopic endblocks
and both the cap and the seventh cervical vertebra. This strain may have caused
changes in the relative orientation of the reflective markers on the head, the telescopic
endblocks and/or the forehead inclinometer, as well as a corresponding effect on the
upper back. Another factor is that differences in orientation between the plane through
the three markers on the head, the upper back, the fixed EGM endblocks, and the
inclinometer (after transformation to the coordinate system of the subject) also results in
equipment differences. Presumably, however, the less-than-optimal conditions for
recording flexion/extension were most responsible for the differences, as described in
section 4.1 “Considerations about IMG recordings”.

Regarding orthogonal axes of movement, INC presented good concurrent validity
in relation to IMG during the performance of flexion/extension, lateral flexion and rotation
movements according to AMA criteria [16]. EGM did not demonstrate concurrent validity
in relation to IMG for either lateral flexion and rotation axes during flexion/extension
movement or for the flexion/extension axis during rotation movement. In relation to INC,
EGM showed concurrent validity for flexion/extension during lateral flexion movements,
and for lateral flexion during rotation movements.

Circumduction was included to simulate the complex movement that may occur in
occupational settings. For these movements the EGM-INC comparison showed lower
relative differences than the limit set by AMA for flexion/extension axis, but not for lateral
flexion axis. During circumduction movements, the differences between EGM and IMG
exceeded the AMA criteria for all axes, and the INC-IMG difference exceeded the criteria
for flexion/extension axis. However, both EGM and INC yielded higher flexion/extension
values than IMG, and these values were very similar to those recorded for
flexion/extension movement. Moreover, EGM and INC compared with IMG had very
similar error characteristics at the individual level (Figures 3 and 4), as well as at the
group level (Table 2). Thus, IMG most likely underestimated flexion/extension movement.

Another complicating factor is that the various representations of the data, i.e.,
the sequence of the Euler angles for IMG, the inherent characteristic of EGM
presentation, and the projection of the inclination vector on the horizontal plane for INC,

also may have contributed simultaneously to the observed differences.

4.5 Strengths and shortcomings

One strength of this study was the concurrent use and synchronization of the
evaluated equipment. This procedure led to a direct, sample-by-sample comparison
between the three evaluated systems and a basic understanding of the nature of their
differences (as presented in Figures 3, 4 and 5) and enabled calculations of RMS

differences. This evaluation method is an improvement compared to study designs that
12
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use only range of movement to evaluate concurrent validity between systems [17,18]. For
example, in circumduction the recorded mean range of motion for lateral flexion differed
by only 1.5° between EGM and IMG, which might have been erroneously interpreted as
reliable EGM data for the lateral flexion axis during combined movements. However, the
sample-by-sample difference was 7.8°, corresponding to 19% of the ROM of the
movement along this axis, which exceeded AMA guidelines for concurrent validity.

Another advantage is the use of a simultaneously recorded common reference
position for the equipment. Thus, the zero degrees of flexion/extension, lateral flexion and
rotation do not differ between the systems, and the calculations of the RMS differences
are not inflated by any offset.

Moreover, we included circumduction, which involves simultaneous movement
around all three axes. This movement is more representative than the others because it
more closely corresponds to the combined movements that occur occupationally.

The main shortcomings are that the present application of EGM did not enabled
the subjects to fully flex and extend their necks during the flexion/extension and
circumduction movements, and that the present IMG setup with only two cameras implied

high flexion/extension angular errors.

4.6 Conclusions

Electrogoniometers can be used in real situations and are capable of recording
three-dimensional movement, but the extensive crosstalk found in EGM recordings as
well as the physical restrictions imposed by their sensors indicate that their design should
be improved to reduce errors to acceptable levels and allow for a full range of movement.
Various methods of error and crosstalk compensation could be applied and evaluated.
Moreover, these body mounted transducers are joint/movement-dependent and must be
designed to fit the anatomical and kinesiological characteristics of each joint.

Inclinometers readings showed good concurrent validity for the main and
orthogonal axes and can also be used to register neck movement in occupational
settings, although only for flexion/extension and lateral flexion. The fact that rotation has
been little documented in previous studies [19, Carnaz et al., 2010] does not necessarily
means that it is an unimportant body movement. In fact, its wide range of movement
implies the opposite.

The video-based setup used in this study was able to record all neck movements.
Nevertheless, it cannot be used for workplace recording, since precise video based
systems operate within a restricted field and demand complex, undisturbed calibration.
Due to the complex spatial arrangement of the equipment and the requirement that all
markers be registered by at least two cameras, this method is limited to specific,
laboratory-like settings and is thus almost impractical for the workplace or for activities of
daily living. Moreover, the present IMG system using two cameras underestimated

flexion/extension range of motion.
13
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Figure Captions

Figure 1. A) Global reference system used for the video system calibration procedure.
Eight steel wires were attached to the ceiling. Three markers, and at the end a weight,
were attached to each wire; B) Positioning of the video cameras and the spotlights at the
data collection setting. The LED attached to the back of the chair and the cable
connecting the LED to the electrogoniometer and inclinometer data loggers were used for
the device synchronization; C) Attachment of reflective markers (highlighted in black),
inclinometers (highlighted in grey) and goniometers on the head and upper back of the

subjects.

Figure 2. Differences between EGM and IMG recordings for flexion/extension, lateral
flexion and rotation for one subject performing flexion/extension, lateral flexion, rotation
and circumduction movements of the neck. Positive angles denote forward flexion, lateral

flexion to the left and rotation to the left.

Figure 3. Differences between INC and IMG recordings for flexion/extension and lateral
flexion for one subject performing flexion/extension, lateral flexion, rotation and
circumduction movements of the neck. Positive angles denote forward flexion, lateral

flexion to the left and rotation to the left.

Figure 4. ... Differences between EGM and INC recordings for flexion/extension and

lateral flexion for one subject performing flexion/extension, lateral flexion, rotation and
circumduction movements of the neck. Positive angles denote forward flexion, lateral

flexion to the left and rotation to the left.

16



C (posterior view) C (1ateral view)
°
@ [ ] e
&l j:L—I| = J","
.




Movements

Circumduction

Rotation

Lateral flexion

Flexion/extension

100

100

() UOISURIX3/UOIX3[4

[

|

:

4

|

|

!
KN
|

:

1

50 100

Flexion/extension (°)

100

50

Flexion/extension (°)

-50
Flexion/extension (°)

Flexion/extension (°)

100

100

o
T T T o
| | | —
I I I
I I I
I I I o
\\\\\ I————ft----—---95
I I I
I I I
I I I
| |
\\\\\ ,\\\@\\\J\\\\\O
I I I
I I I
I I I
\\\\\ o __ L ____1____]9©
| [ I o
| | | !
I I I
I I I o
1 1 1 o
o o o O
wn o o
! -
|
o
T T T o
| | | —
I I I
I I I
I I I o
\\\\\ I——-—t----F---115H
I I I
I I I
I I I
I I
\\\\\ ,\\\m\\\\,\\\\\o
I I I
I I I
I I I
\\\\\ l____1_____-___19O
I | | o
I I I !
I I I
I I I o
I I I S
o o o o O
o Te) [Te) o!
— ! .I__
o
T T T o
=1
I I I
I I I
I I I
\\\\\ 1 _______19
| | | o
I I I
I I I
I | I
\\\\\ ,\\\\W\\,\\\\\O
I I I
I I I
I I I
\\\\\ ————+----F---43
| | | I
I I I
I I I o
1 1 1 o
o o o O
o 0 IsY
-

(o) UOIX®Y4 [ee)eT

(DINI-INDT) 3dusialId

Lateral flexion (°) Lateral flexion (°) Lateral flexion (°)

Lateral flexion (°)

100

o
n
o
o
n
1
o
o
O
0_
-
|
o
o
i
o
n
o
o
0
o
o
O
S
—
|
(&)
T T T o
| | | i
| | |
| | |
| | | o
\\\\\ IR e e Y]
| | |
| | |
| | |
| | |
\\\\\ - @\\\J\\\\\O
| |
| | |
| | |
\\\\\ oot ___ 1O
| I | n
| | | !
| | |
| | | o
1 1 1 o
o o o o O
o Lo Lo o
- ! 1__
o
T T T o
—
| | |
| | |
| | |
\\\\\ Il __ 19
| | | Lo
| | |
| | |
I | |
\\\\\ 1~ o AR
| | |
| | |
| | | o
\\\\\ I———-—t----F---13%
| | | v
| | |
| | | o
| | | S
o o o o O
o o) To) o
— v —

() uoneloy

Rotation (°) Rotation (°) Rotation (°)

Rotation (°)

Video-based recordings



Movements

Lateral flexion Rotation Circumduction

Flexion/extension

o
s SR
I | I — I I I
I I I — I I I
I I I o I I I
I I I ~ | | I o

\\\\\ S S = I F———-—--—-t----r---118
| | | v o | | |
I I I — I I I
I I I m I | I
I I I T ,\\\Jﬁv\\\\, \\\\\ o

\\\\\ [ T R I i
| ﬁ,k | e ¥ I i |
I | I (% I I I
I I I < I I I
| | | o  L____ 4 ______] o

\\\\\ 1l _L___ O - | | | Yol
I | | o X | | I !
I I I '@ I I I
I I I L I I I o
| | | o L L L o
—+——8 g 8 ° 8 &

o o o o —

o Ire} Ire} ] A ! A

3 ]

o

S , , , o

A —— Rk
| | | —~ ! ! ”
o > o

\\\\\ [ K o 3 F-—-a-——--1-------18
, T , v S I I I
I I I

= I I I
o 2 L
5 | |
I [ P <~ S S U B S o

\\\\\\\\\\\\\\\\\\ o | |
, + , X I I I
| | | (5]

~ | | |
o = o
| | I o
I I I o= F--—-——--—-—-ft-------—-

\\\\\ I N e , , , w0

| | | D) I I I

—_ I I I
I I I LL | | |
s L s

o o o o o = Q © 3 =y

=} Ire) re) S = ] 3

— 1 — )

o
T T T m T T n1U_
I I I A ! !
I I I ~—~ ! !
o | I
I I I & ! ! °
I | | O = bt _ovro v

\\\\\ ,\\\\\,\\\\,\\\\\5% ” ” o
I I I =
| | | n ! !

g 2 ” |
I | [ VS < S SO D (S o

\\\\\ Ay Sttt i B | |
I I I (5} ! !

I I I = ” ”
I I I )

\\\\\ I ___1l________Jo:-'= e
| | | 0 X ! ! oY
| | | <@ ! !
| | | LL ” ”

S B B , s

o o o o o = 3 3 =3

IS s} re} o S 3 S

= i 4 ;

o

S T T T S
, T T S | | |
I I I ° | I I
| | | ~ | | |

| I I L ___ e p 1 ___/ o

\\\\4\\\\7\\\ﬂ\\\\w.n|u | | | bt
I I I 7] | I I
| | | n | | |
| | | [<5} | | |

F———t-——%--- r---qoe % oo [ B I e
! ! (<3} | | |
I | I = | I I
I | I o m | I I o

Oy R = = B I S
| | | w > | | | %
I I I @ | | |
! ! ! LL | | |
L L L S I I I w

o o o o o =) o

S Lo L =5 3 3 e o S

' — Ll

(,) uoIsuaIxa/uoIxa|4 () uoIxay4 Jelere]

(o:OINI-DNI) 8ouaiayIa

Lateral flexion (°) Lateral flexion (°) Lateral flexion (°)

Lateral flexion (°)

Video-based recordings



Movements

Rotation Circumduction

Lateral flexion

Flexion/extension

o
T T T =
—
I I I
I I I
I I I
I | I o
\\\\\ [ e e N T'e
I | I
I I
I I
I I
\\\\\ [l et e R
I I I
I I I
I I I
\\\\\ . __1________lo
| ] | Lo
I I I
I I I
I I I o
1 1 1 o
o o o o O
o n Yo} o!
— i —
o
T T T o
I I I A
I I I
I I I
I I I o
\\\\\ |- - -T--~—"r~-~—Db
I I I
I I I
I I I
I I
\\\\\ ,\ﬁ\\\\ﬂwwwwo
I I I
I I I
I I I
\\\\\ ____1________Jo
| | | [re}
]
I I I
I I I
I I I o
1 1 1 o
o o o o O
o Lo Yol o!
— i —
o
T T T =
—
I I I
I I I
I I I
I I I =)
D e L e )
I I I
I I I
I I
I I
\\\\,\\\\\W\\\,\\\\\O
I I I
I I I
I I I
L ___L___19
] | | o
I I I
I I I
I I I o
I I I oS
o o o o o
o e} Irel S
— 1 4
o
T T T S
i
I I I
I I I
I I I o
B S S B
I I I
I | I
I |
B Y A [ e
I I
I I I
I I I
R B A 3
I I I i
I I I
I I I o
I I I S
o o o o o
S sl re} S
= =

(,)uoISuaIXa/uoIxal4

Flexion/extension (°) Flexion/extension (°)

Flexion/extension (°)

Flexion/extension (°)

50 100

Lateral flexion (°)

|
|
|
|
l
+
|
|
|
|
I
|
|
:
50

0
Lateral flexion (°)

-50

(o) UOIX3]} [RIBIET

(DNI-IND3) souaiayla

Lateral flexion (°)

Lateral fleixon (°)

Inclinometer recordings



ANEXO C

Carnaz, L.; Moriguchi, C.S.; Moreira, R.F.C.; Coury, H.J.C. Patterns of Head, Upper Back And
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What is already known about the topic?

There is a high prevalence of neck and shoulder pain among nursing professionals;

Previous studies present conflicting results when subjects with and without symptoms

are compared,;

No studies were identified that comparatively evaluated the posture of neck, upper back

and arms nursing professionals with and without musculoskeletal pain during work.

What this paper adds

Practical nurses showed high postural exposure for the head, upper back and arms

during the most of work tasks;

Preparing medicine and materials and writing in medical record keeping were the tasks
associated with the highest postural risk for the head. Therefore, these work stations

should be ergonomically redesigned,;

Greater movement amplitudes and more time spent in awkward postures occurred
among symptomatic workers, but there were no statistically significant differences
between these two groups. Further prospective studies would clarify if these movement

patterns are cause or consequences of the symptoms.
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ABSTRACT

Background: Cervical spine and shoulder pain is highly prevalent among nurses and is associated
with, among other aspects, the adoption of awkward postures when performing occupational activities.
The lack of consensus about whether symptomatic and asymptomatic individuals present different
patterns of motor performance emphasizes the relevance of comparative measurements of postural
risk among symptomatic and asymptomatic subjects. Thus, even though there is a known link
between awkward postures and cervical and shoulder pain among nursing professionals, no studies
have comparatively evaluated the postures of such professionals with and without musculoskeletal
pain during work. Objective: To quantify the head, upper back and upper arm postures of practical
nurses while performing their occupational activities and to verify if there are differences between the
postures of workers with and without symptoms. Methods: Thirty practical nurses from an intensive
care unit participated in the study. Subjects were classified as symptomatic or asymptomatic based on
their answers to the Nordic Questionnaire and on a detailed standardized physical exam. Head, upper
back and arm postures were measured using inclinometers (Logger Teknologi). The percentiles of
posture and the time fraction spent in awkward postures were calculated. Repeated-measures
ANOVA was applied to compare the differences between tasks. Symptomatic and asymptomatic
subjects were compared using the t-test. Results: Most of the activities of practical nurses involve
considerable postural risk for the head, upper back and upper arms. The postural risk varied among
tasks: there was more exposure for the neck region when separating medication and keeping medical
records. In general, workers with symptoms in the neck and upper arm region presented greater
amplitude of movement and a higher fraction of time spent in awkward postures than asymptomatic
workers, but with no significant difference between these two groups. Conclusions: The high
postural exposure of the neck and arms experienced by practical nurses during their activities
indicates that these professionals deserve attention. Ergonomic interventions and prevention

programs intended to reduce risks for cervical spine, upper back and upper limbs are necessary.

Keywords: musculoskeletal diseases; neck pain; occupational health; posture; prevention; training
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INTRODUCTION

Musculoskeletal diseases are highly prevalent among nursing professionals in several countries
and represent one of the main health problems of this population (Bos et al., 2007; Menzel, 2008;
Vieira et al. 2006). Work-related lumbar pain is the most frequent complaint, with prevalence rates
varying between 30 and 60%, followed by cervical spine pain and shoulder pain, with prevalence
varying between 28-48% and 43-59%, respectively (Bos et al., 2007; Gurgueira et al., 2003;
Lagerstrom et al. 1995). According to the American Nurses Association, some of the consequences
of musculoskeletal diseases are high levels of absenteeism and sick days, the development of chronic

pain and career change (Pompeii, 2009).

The high prevalence of musculoskeletal diseases among nursing professionals is associated with,
among other aspects, high physical strain. Among physical risk factors, extreme postures have
presented a strong association with the development of neck and shoulder musculoskeletal injuries
(Bernard, 1997; Costa and Vieira, 2010). This relation indicates the need to quantify and evaluate
these postures during work (Coury, 1999). Portable equipment, such as inclinometers, has been used
for registering head, trunk and upper arm posture Initial assessments of this equipment suggest that it
offers precise and reliable measurements (Hansson et al., 2001; Hansson et al., 2004) and can

register movement for long periods of activity.

Through the comparative measurement of posture exposure at work, it is possible to evaluate
whether individuals with musculoskeletal pain present particular motor performance patterns that
could explain the occurrence of symptoms. Nevertheless, the results of studies that have compared
the performance of symptomatic and asymptomatic subjects in repetitive and sedentary activities are
conflicting. Madeleine et al. (1999, 2003) evaluated office workers performing simulated activities with
electromyography and image registration and found differences in some kinetic and kinematic
parameters of symptomatic and asymptomatic subjects. On the other hand, Vasseljen and Westgaard
(1997), Akesson et al. (1997) and Arvidsson et al. (2008) evaluated office workers, dentists and air
traffic controllers, respectively, and found no statistically significant differences in head, upper back or

upper arm posture between symptomatic and asymptomatic subjects.
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In spite of the known association between awkward postures, the development of
musculoskeletal injury and the high prevalence of cervical spine and shoulder pain among nursing
professionals, we found no studies that comparatively evaluated the posture of nursing workers with
and without musculoskeletal pain during work. Therefore, the objective of this study was to quantify
the postures of the head, upper back and arms using inclinometers and to verify if there are
differences between the postures of symptomatic and asymptomatic practical nurses while they

perform their occupational activities.

2. METHODS

2.1 Subjects

All of the employees from a regional philanthropic hospital’s intensive care unit (N= 42 subjects)
were invited to participate in the study. A total of 35 employees agreed to answer the questionnaire,
perform the physical exam, and have their head, upper back and arm postures recorded with
inclinometers. Among the 35 subjects evaluated, five were excluded after the posture recordings
because they performed administrative duties for most of the work shift and only assisted in brief

patient care tasks, a routine that differed from that of the rest of the practical nurses.

The sample, therefore, included 30 practical nurses (71% of the total), 22 women (age: 36.8 + 9.9
years; weight: 74.2+15.2 kg; height: 163 +6 cm; time working in the area: 7.4+7.9 years) and 8 men
(age: 33.0+£10.6 years; weight: 81.5+£20.7 kg; height: 170+5 cm; time working in the area: 2.7 + 2.5

years). All subjects were right-handed and had at least six months of professional experience.

All participants were informed about the procedures of the study and gave their written consent.
The study was approved by the University Human Research Ethics Committee (Process

1080.0.000.135-10).

2.2 Procedures

1.2.1 Symptom ldentification and Physical Exam
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All subjects answered the Nordic Questionnaire (Barros e Alexandre, 2003) about neck, upper
back and shoulder complaints in the last 7 days and 12 months. The frequency of complaints was

also rated: never, rarely, sometimes, frequently, and very frequently (Holmstrom and Moritz, 1991).

Two trained physiotherapists evaluated all subjects according to the physical exam protocol
proposed by Ohlsson et al. (1994), which enables the professional to establish a diagnosis based on
predefined symptoms and clinical findings. Findings regarding neck and shoulders were graded as
either present=1 or absent=0, with a total possible score of 105 points for each subject. The possible
diagnoses in this study were: tension neck syndrome, cervical syndrome, thoracic outlet syndrome,
frozen shoulder, supraspinatus tendinitis, infraspinatus tendinitis, bicipital tendinitis, and

acromioclavicular syndrome.

The separation of individuals as symptomatic or asymptomatic was based on the classification
proposed by Arvidsson et al. (2008). Thus, subjects were considered symptomatic when they reported
“frequent” or “very frequent” complaints during the last 12 months, presented a specific shoulder/neck
diagnosis or scored at least 11 points on the physical exam. Workers were considered asymptomatic
if they responded “never’ or “rarely” for symptoms in the last 12 months, did not present any

shoulder/neck diagnosis or scored less than 4 on the physical exam.

Symptomatic (S) and asymptomatic (A) individuals presented similar characteristics concerning
possible intervening variables such as age (S=34.9+8.6 years; A=36.7+11.6 years), height (S=164+7
cm; A=163+6 cm), time of professional experience (S=6.8+7.7 years; A=7.3+7.7 years) and gender
(S=11 women and 4 men; A=11 women and 4 men). Regarding the results of the physical exam,
symptomatic subjects presented nine diagnoses (7 from 15 symptomatic subjects presented at least 1
clinical diagnosis) and a mean score of 16.5 points for clinical findings while asymptomatic individuals

presented no clinical diagnoses and had a mean score of 2.8 points on their physical exam.

2.2.2 Movement and posture recording

Four inclinometers based on tri-axial accelerometers and one acquisition unit (Logger Teknologi
HB, Akarp, Sweden) were used to register posture and head, upper back, and left and right arm

movements. The acquisition rate used was 20Hz. Inclinometers were attached to the forehead, the
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right of the cervical-thoracic spine at the C7-T1 level and bilaterally under the deltoid muscle insertion
in conjunction with a plastic plate (Hansson et al., 2001; Hansson et al., 2006). The inclinometers were
connected to the acquisition unit and the reference position and movement direction were registered.
For the upper limbs, the established reference position was beside the subject’'s seated body,
perpendicular to the ground and holding a 2 kg weight. The reference position established for the head
and upper back was standing and looking straight ahead. Upper limb inclinometers direction was
obtained with 90° arm elevation in the scapular plane. The front of the head and upper back
inclinometer direction was determined with the subject was seating with a flexed neck and back

(Hansson et al., 2006).

The movements of each practical nurse were registered for a mean of six regular work shift hours.
A trained physiotherapist monitored the practical nurses during the measurements and wrote detailed

information about the beginning and the end of the different tasks and the intervals.

1.3 Identification of the tasks

Tasks were identified by the trained physiotherapist who monitored the practical nurses during
the work shift. The opinion of the practical nurses themselves and the Ergonomics Guide for Patient
Care: Safe Patient Movement and Handling (Ergonomics Technical Advisory Group, 2001) were also

used to separate and describe the tasks.

The nine identified tasks, including their mean duration in minutes in parenthesis, are described

below:

- Task 1 (Separating materials and medications): Separating and preparing medication and

materials used for bathing and feeding patients at a counter inside the sector (56 minutes);

-Task 2 (Medical record keeping): Writing which procedures were performed during patient
care in the medical records. The practical nurse performed this activity either seated in a chair with

his/her arms resting on a desk or standing (41 minutes);

-Task 3 (General patient care): General patient care activities including checking vital signs,

injecting medication, performing venipuncture, feeding, etc. (67 minutes);
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-Task 4 (Patient handling): Handling the patient during transfer between stretchers or from a

stretcher to a wheelchair and vice-versa, changing the patient’s position in bed, etc. (21 minutes);

-Task 5 (Bathing and linen changing): Undressing and dressing the patient, bathing the patient

either in the shower or in bed and changing the bed-linens (15 minutes);

-Task 6 (Cleaning materials): Cleaning beds, heart monitors and other materials used in the

intensive care unit (35 minutes);

-Task 7 (Communicating): Communicating with colleagues and superiors to clarify procedures

and discuss patient treatment (4 minutes);

-Task 8 (Self-care): Self-care activities including washing hands, putting on aprons and gloves for

procedures, etc. (22 minutes);
- Task 9 (Moving): Time spent moving within the hospital (12 minutes)
2.3 Data analysis

The results were described by means of the mean and confidence interval of the percentiles of
postureand the fraction of time spent in the pre-established posture. For upper limb elevation angles,
the 10", 50™ and 90™ percentiles and the fraction of time spent above 30°, 60° and 90° were
calculated. Head and upper back flexion-extension angles were obtained for the 10", 50" and 90"
percentiles and for the fraction of time spent above 15°, 30° and 45°. Positive values express flexion,
and negative values express the extension of the head or upper back; thus the 10" percentile is an
extension measurement and the 90™ percentile is a flexion measurement.

All calculations were performed with SPSS v11.5 (SPSS Inc, Chicago, IL, USA). For
comparison between tasks, the mean and confidence intervals were calculated for each of the nine
activities evaluated. Tasks were compared using repeated-measures ANOVA. In cases where the test
identified significant differences (p<0.05), Tukey's post hoc test was carried out. Besides statistically
significant differences between tasks (p<0.05), we established that an intertask confidence interval
indicating a difference in movement amplitude of at least 10% for the evaluated region would be

clinically relevant. This cutoff point was established according to American Medical Society guidelines



©CO~NOOOTA~AWNPE

(AMA, 2005), which state that there is clinical relevance between groups or treatments or effects when

movement amplitude differences are greater than 10% for the range of the evaluated joint.

Limits for the head, upper back and arms were defined according to the maximal movement
amplitude in each region during all tasks performed. Thus, the limits defined in this study were 8.7° for
the head, 7.1° for the upper back, and 10.9° for the arms.

Likewise, the differences between the fractions of time spent in pre-established postures were
considered relevant when a fraction represented at least 10% of the difference between the tasks
evaluated according to the confidence interval.

In order to compare symptomatic and asymptomatic individuals, posture exposure records were
analyzed jointly for all tasks, i.e., not considering the different activities. Thus, the posture percentiles
and fractions of time spent in pre-established postures were calculated considering all records. A t-test
for independent samples (p<0.05) was applied to each posture percentile and fraction of time spent in
pre-established postures to compare individuals with and without symptoms. The same limits applied
to the task comparison were also applied to the comparison of results between symptomatic and
asymptomatic workers.

Only the statistically significant and clinically relevant confidence intervals were presented the
figures.. When only statistically significant differences occurred between tasks or groups were not

considered.

3. RESULTS

Comparison between tasks

Head and Upper Back

Large head movement amplitudes were observed in all evaluated tasks, with flexion
amplitudes varying from 36° to 52° at the 90" percentile (Figure 1). Differences between tasks were
evident when the 50" and 90™ percentiles were observed. At the 50" percentile, the mean of flexion
amplitudes for activities 1 and 2 was 33% higher than activities 3, 4, 5 and 6 and 118% higher than

activities 7, 8 and 9. There was a statistically significant difference between activities 1 and 2 and
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activities 7 and 9 and these differences were at least 9° according to the lower limit of the confidence
interval. The intertask difference at the 50" percentile was the same as at the 90" percentile, that is,
tasks 1 and 2 (separating materials and medications and medical record keeping) involved greater
flexion amplitude than the other tasks; however, the percentage of intertask differences was lower.
Task 7 presented the lowest movement amplitude (communication between employees and

superiors).

Similar to the percentile results, tasks 1 and 2 involved the greatest mean time spent in high-
risk head postures among all tasks and in all conditions (>15°, >30°, >45°). The fraction of time spent
in head flexion greater than 15° in each task differed greatly (42% for task 7 and 73% for task 2) and
there was a statistically significant difference between tasks 1 and 2 and tasks 7 and 9, as well as
between tasks 4 and 5 and task 7; these intertask differences involved at least 10% of the fraction of
time spent in extreme postures. The subjects spent an average of 39% more time with head flexion
above 30° during activities 1 and 2 than during activities 3, 4, 5 and 6. Tasks 1 and 2 required an
average of 122% more time in head flexion above 30° than activities 7, 8 and 9. For this variable
(percentage of time spent above 30° head flexion), there was a statistically significant difference
between tasks 1 and 2 and tasks 7, 8 and 9. This same distinction was also evident regarding the
percentage of time spent above 45°, with the greatest differences found between activities 1 and 2

(mean of 20%) and activities 7, 8 and 9 (mean of 7 %).
Insert Figure 1 about here

The 10™, 50™ and 90" percentiles of upper back flexion are presented in Figure 2. At the 10™
and 50 percentiles, task 2 was slightly higher than the other activities. At the 90" percentile, upper
back flexion was high for all tasks, although a difference (with no clinical relevance) was identified
between tasks 1 through 6 (mean of 31°) and tasks 7 through 9 (mean of 24°). Generally speaking,

the intertask differences were similar to those of the head.

Regarding percentage of time spent in upper back flexion, task 2 involved the most flexion
above 15° (47%), followed by activities 4 and 5 (38 % and 39%, respectively). As observed for the

head, activities 7, 8 and 9 presented the lowest percentages of time in extreme amplitudes. There
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was a statistically significant difference between the percentage of time in back flexion greater than
15° between tasks 2 and 7 (Cl:10.8-40.1%). For upper back flexion values above 30°, the percentage
of time in all tasks was below 20%, with tasks 2 and 5 presenting the highest mean times (16% and

15.5%, respectively). Above 45° flexion, all tasks presented low values, with a mean of 3.6%.
Insert Figure 2 about here
Right and Left Arms

The 10", 50" and 90" percentiles for right and left arm elevation are presented in Figure 3. In

general, elevation amplitudes were very similar for both arms in all evaluated percentiles.

Small differences between tasks were identified when the 10 percentile was analyzed.
Nevertheless, for the 50" percentile, tasks 2 to 5 presented a 25% higher mean right and left arm
elevation than the other activities. However, for the 90" percentile, tasks 3 and 8 presented the
highest arm elevation angles (mean of 67°), followed by tasks 4, 5 and 6 (mean of 61°). In addition to
higher amplitudes, task 3 (general patient care) also presented another aggravating factor in that it
lasted longer than the other activities. Unlike the head and upper back percentiles, tasks 1 and 2

presented the lowest values of arm elevation for the 90" percentile, as did tasks 7 and 9.
Insert Figure 3 about here

The percentage of time spent at extreme amplitudes of movement was similar between right
and left arms for all evaluated tasks (Figure 4). The percentage of time spent with arms elevated
above 30° was high, varying from 39% to 60% for the right arm, and from 35% to 59% for the left arm;
there was a statistically significant difference as well as clinical relevance between tasks 1 and 5 (Cl:
10.0-37.5%) for the left arm. Tasks 2 to 5 presented the highest percentages of time spent in
awkward postures. Tasks 3 to 5 involved the highest percentages of time with arm elevation above
60°. All tasks presented low percentages of time spent in arm elevation above 90°, with a mean of

2%.

Insert Figure 4 about here
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Comparison between symptomatic and asymptomatic workers

The percentages of time spent in extreme postures by subjects with and without symptoms
are presented in Figure 5. More time was spent in extreme postures by symptomatic than
asymptomatic workers, both for the head and the upper back. There was a statistically significant
difference between individuals with and without symptoms regarding the percent of time spent with the
upper back above 15° and 30°. Nevertheless, these differences were not above the clinical relevance
limits established in this study, i.e., at least a 10% intergroup difference. For the evaluated variables,
the confidence interval varied from 0.6-21% for the percentage of back elevation above 15° and from

0.5-12% for the percentage of back elevation above 30°.
Insert Figure 5 about here

For the left and right upper limbs, only small differences were observed between subjects with
and without symptoms regarding the percentage of time spent with upper limbs elevated above 30°,

60° and 90°.

Similar to the time results, the 10", 50™ and 90™ percentiles for the head, upper back and
upper limbs demonstrated that symptomatic workers generally had higher amplitude of head and
upper back flexion than asymptomatic workers. However, there were no statistically significant
intergroup differences (data not shown). Likewise, small differences were identified between

symptomatic and asymptomatic subjects for the left and right arms.
4. DISCUSSION

Practical nurses working in an intensive care unit showed high postural exposure for the head,
upper back and shoulders. This postural exposure varied in the activities performed during the work
shift. There were statistically significant intertask differences regarding both the percentiles and the
time fraction spent in extreme head postures. In general, greater movement amplitudes and more time
spent in awkward postures occurred among symptomatic workers than among asymptomatic workers,

but there were no statistically significant differences between these two groups.

Head and upper back postures
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Postural risk for the head and upper back was high for all evaluated activities (a mean of 47°
for the 90" percentile). It has been recognized that the head posture adopted during work is strongly
associated with the development of musculoskeletal injuries (Bernard, 1997; Costa and Vieira, 2010).
There is evidence that extreme postures affect joint kinematics and muscle recruitment, promoting an
increase in compressive load on the neck as well as pain and disorders in this area (Szeto et al.,
2005). Ariens et al. (2001) verified that head flexion above 20° for at least 70% of the work shift
increased the risk of neck pain. In light of these criteria, all activities performed by practical nurses
could be considered high risk and should be ergonomically redesigned to reduce awkward head
postures. Tasks 1 and 2 deserve particular attention, because in addition to postural exposure, these
activities also consumed the most time in the work shift (approximately 35% of the total recorded
time). As mentioned previously, these tasks are performed at the nurse’s station, with the worker
standing (tasks 1 and 2) or seated (task 2), and seem to be the result of simple ergonomic problems
that can be easily corrected with furniture alterations or postural orientation. Considering that these
habits (writing on a table while standing up) are common at nurses’ workstations, they deserve

attention in preventive programs.

Arm Posture

Like the head posture results, awkward left and right arm postures were involved in all
activities (a mean of 62° at the 90" percentile). Postures with arm abduction or flexion above 60° are
considered extreme (Delleman and Dul, 2007), and can be exacerbated by other aspects such as the
use of force (Brookham et al., 2010) or psychosocial factors (Jensen et al., 2000). These factors are

present in activities performed by practical nurses, particularly in intensive care units.

Awkward arm postures have been associated with the development of musculoskeletal injury
(Bernard, 1997) because they promote an increase in mechanical load on the shoulder and peripheral
nerves, which can damage tissues in this region (Staal et al., 2007). Among the tasks analyzed, tasks

3 (general patient care), 4 (patient handling) and 5 (bathing, dressing the patient and making the bed)
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involved the highest time fraction spent above 60° (a mean of 16.5%). Activities 4 and 5 are

aggravated by the need for force, which increases the risk of injury.

The right upper limb presented slightly higher elevation angles than the left upper limb. These
results are similar to those presented in a meta-analysis by Hansson et al. (2010), who evaluated
postural exposure of right and left upper limbs in different kinds of work. The authors recommend
that, even though there are small differences between arms, both sides should be evaluated since, in
general, there is a higher prevalence of musculoskeletal injury in the right upper limb, and these

differences in risk exposure can be important risk factors for explaining injury.

Considering these results, it can be stated that all of the evaluated activities involve
considerable postural risk to the head, upper back and arms. Thus, even though patient handling
activities have received more attention in the literature due to association with lumbar spine injury
(Jang et al. 2007, Skotte and Fallentin, 2008), our results suggest that all activities performed by
nurses should be analyzed in risk evaluations. The awkward postures registered for the head and

upper back indicate that these regions are also susceptible.

Comparison between symptomatic and asymptomatic practical nurses

There was no statistically significant difference between symptomatic and asymptomatic
workers for any of the regions evaluated (head, upper back, and left and right arm). Nevertheless,
symptomatic workers had a tendency toward greater movement amplitudes and more time spent in
awkward postures. These results were similar to those of Akesson et al. (1997), Szeto et al. (2005)
and Arvidsson et al. (2008) who evaluated, respectively, the differences between neck posture in
symptomatic and asymptomatic dentists, office workers and air traffic controllers. These authors/ also
found no differences between symptomatic and asymptomatic individuals, but observed a tendency in
symptomatic individuals to present greater movement amplitudes than asymptomatic subjects.
Nevertheless, Madeleine et al. (1999, 2003) evaluated workers in the meat processing industry and
reported that symptomatic individuals presented significantly greater flexion amplitude than those with

no symptoms. These authors suggested that motor changes could be associated with pain.
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The above-mentioned results agree with each other as well as with the results of the present
study. However, they contradict general observations about chronic pain, in which chronic pain is seen
to limit movement amplitude. Due to antalgic mechanisms, individuals tend to avoid more ample
movements that may elicit pain. In this sense, studies by Dall’Alba et al. (2001) and Dvir et al. (2006)
compared individuals with chronic neck problems to healthy control subjects and observed a decrease

in neck movement amplitude of up to 35%.

In order to conciliate these antagonistic understanding a possible explanation for the results
obtained in both our study and the others is that workers in pain may have already had a different
movement pattern involving greater movement amplitudes before pain onset. This could be due to
individual factors such as personality and psychosocial stress as well as motivational factors
(Vasseljen and Westgaard, 1995; Marras et al.,, 2000). In order to evaluate this hypothesis,
prospective studies evaluating postural exposure and cervical movement in healthy individuals who
were followed for a sufficient period of time would be necessary. The results of a study by Punnett et
al. (2004) reinforce such an interpretation of our data. These authors evaluated several aspects of
physical exposure, among them, non-neutral postures and frequency of postures among automotive
industry workers who performed similar tasks. Their results showed that approximately 10% of
participants without symptoms or clinical findings at baseline developed new injuries within one year of
follow-up. Evidence of association between musculoskeletal diseases and exposure to ergonomic risk
factors has been reported. Thus previous exposure to high-risk postures determined either by work

activity or by individual patterns cannot be ruled out as a contributing factor to pain development.

Methodological considerations

Inclinometry was used to evaluate the postural risk of practical nurses. This method was
validated by Hansson et al. (2001), who reported 1.3° of error compared to reference equipment. This
equipment makes it possible to continuously register head, upper back and arm postures during the
entire work shift. Important limitations of this instrument are that dynamic accelerations introduce

mistakes in measurements, and rotational movements cannot be registered (Hansson et al., 2010).
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On the other hand, a positive aspect of the instrument is that it allows long recording periods in the

occupational environment.

A positive aspect of this study was the interpretation of results according to the clinical
relevance of statistical differences and confidence intervals. We took this approach because the
exclusive use of p values gives a dichotomic response regarding the existence or non-existence of
statistically significant differences, but gives little information on the magnitude of the differences
found. Confidence intervals, however, allow a better perspective of the size of the differences

(Gardner and Altman, 1986; Gardner and Altman, 1990).

A limitation of this study is that its cross-sectional design of this study restrain the conclusions
that can be drawn about a casual relationship between neck and upper limb posture and the
development of musculoskeletal injuries in these regions. Prospective studies could determine
whether practical nurses adopting high-risk head and upper limb movements develop symptoms over

time.

5. CONCLUSIONS

Practical nurses present considerable postural risk for the head, upper back and arms in most
of the tasks they performed at work. This indicates that these body regions deserve attention when
analyzing the physical exposure of these professionals. Among the activities evaluated, preparing
medications or materials and patient record keeping involved the highest postural risk for the head
and the upper back, suggesting that ergonomic interventions and preventive programs should be

implemented to control risk in these activities.

Furthermore, there were no statistically significant differences between the postures adopted
by symptomatic and asymptomatic practical nurses during work, although there was a tendency by

symptomatic workers to present greater movement amplitudes.
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Figure Captions

Figure 1. Mean and confidence interval of means for percentiles 10, 50 and 90, and for fractions of
time the head spent above 15°, 30° and 45° in 30 practical nurses performing 9 tasks. T1-preparing
medication, T2- medical record keeping, T3- general patient care, T4- patient handling, T5- bathing
and changing the patient, T6-cleaning the bed and materials, T7- communicating with colleagues and
superiors, T8- self-care, T9-moving within the hospital. *Clinically relevant differences and confidence

interval of the differences between tasks.

Figure 2. Mean and confidence interval of means for percentiles 10, 50 and 90, and for fractions of
time the upper trunk spent above 15°, 30° and 45° of 30 practical nurses performing 9 tasks. T1-
preparing medication, T2- medical record keeping, T3- general patient care, T4- patient handling, T5-
bathing and changing the patient, T6-cleaning beds and materials, T7- communicating with colleagues
and superiors, T8- self-care, T9-moving within the hospital. *Clinically relevant differences and

confidence interval of the differences between tasks.

Figure 3. Mean and confidence interval of means for percentiles 10, 50 and 90 of the right and left
upper limbs of 30 practical nurses performing 9 tasks. T1-preparing medication, T2- medical record
keeping, T3- general patient care, T4- patient handling, T5- bathing and changing the patient, T6-

cleaning beds and materials, T7- communicating with colleagues and superiors, T8- self-care, T9-
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moving within the hospital. *Clinically relevant differences and confidence interval of the differences

between tasks.

Figure 4. Mean and confidence interval of means for fractions of time the right and left upper limbs
spent above 15°, 30° and 45° in 30 practical nurses performing 9 tasks. T1-preparing medication, T2-
medical record keeping, T3- general patient care, T4- patient handling, T5- bathing and changing the
patient, T6-cleaning beds and materials, T7- communicating with colleagues and superiors, T8- self-
care, T9-moving within the hospital. *Clinically relevant differences and confidence interval of the

differences between tasks.

Figure 5. Mean and confidence interval for fractions of time the head and upper trunk spent above 15°,
30° and 45°, and the right and left arms spent above 30°, 60° and 90° in symptomatic and

asymptomatic subjects.
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APLICACAO DE SENSORES ELETROGONIOMETRICOS E
TORSIOMETRICOS NA AVALIACAO TRIDIMENSIONAL DA AMPLITUDE
DE MOVIMENTO DA COLUNA CERVICAL

Leticia Carnaz (Ms)l, Cristiane Shinohara Moriguchi (Ft) 1, Jeronimo Farias de Alencar (Ms) 1,
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Palavras-chave: eletrogonidmetro, inclindmetro, avaliagdo do pescogo.

Objetivo: Identificar o sensor ¢ a forma de acoplamento mais adequados para avaliagdo de movimentos
tridimensionais da coluna cervical por meio de eletrogoniometria e torsiometria. Métodos: Um individuo
do sexo feminino (25 anos) participou do estudo. Os movimentos de flexo-extensdo e inclinagdo lateral
do pescogo foram registrados por eletrogoniometros (XM110 e SG150) e inclindmetros. O sensor
eletrogoniométrico foi testado em 2 disposigdes distintas, sendo a diferenca entre elas, uma rotagdo de
90° dos sensores. Resultados e Conclusdo: O sensor XM110 ¢ mais adequado para avaliacdo do pescoco
que o sensor SG150. Para o registro tridimensional dos movimentos do pescogo, 0s sensores
posicionados em um plano perpendicular ao orientado pelo manual do fabricante apresentaram resultados
com magnitude relativamente similar aos resultados dos inclindmetros, demonstrando ser a melhor forma
de acoplamento dos sensores.

Keywords: electrogoniometer ,inclinometer, neck assessment.

Objective: To identify more suitable type of sensor and way of attachment of the electrogoniometers and
torsiometers sensors to evaluate three-dimensional movements of the cervical spine. Methods: One
female volunteer (age 25 years) participated of the study. The flexion/extension and lateral bending
movements were recorded by electrogoniometers (XM110 and SGI150) and inclinometers. The
electrogoniometers were attached in two different positions and the difference between them was a 90°of
sensors rotation. Results and Conclusions: The XM110 sensor is more suitable for evaluating neck joint
than SG150 sensor. For the three-dimensional recording of neck movements, the electrogoniometers
sensors with a 90° of rotation from the position suggested by the manufacturer showed similar values to
the inclinometer results which seems to be the best way of sensors attachment.

1. INTRODUCAO

Dentre as doengas musculoesqueléticas relacionadas ao
trabalho, a dor no pescoco € o principal problema na
sociedade moderna (ARIENS et al., 2001; BOVIM et
al., 1994). Isso pode ser evidenciado pelos altos indices
de prevaléncia de dor e lesdes na regido cervical em
diferentes grupos ocupacionais, tais como em dentistas
(42-50%), mineiros (54-76%) e carregadores de carne
(84%) (HAGBERG e WEGMAN, 1987). Este indice
de prevaléncia de dor no pescogo ¢ acompanhado por
altos custos com servigos de satude, absenteismos e
aposentarias por invalidez (BORGHOUTS et al.,
1999).

Os fatores de risco fisico, ou biomecanico, sdo
considerados preponderantes no desenvolvimento de
dor no pescogo no ambiente ocupacional,

principalmente, as posturas extremas e estaticas
(NIOSH, 1997).

A associacdo entre posturas inadequadas e
desenvolvimento de lesdo revela a necessidade do
registro do movimento no ambiente ocupacional
(COURY, 1999). Contudo, as posturas e movimentos
do pescoco, adotados no ambiente ocupacional, ndo
tém sido devidamente avaliados, pois ndo utilizam
métodos de medida padronizados e de qualidade
aceitavel (ARIENS et al., 2001).

Um método disponivel para o registro tridimensional
da articulag@o do pescoco ¢ o uso de eletrogonidmetros
associados aos torsiometros. Esses instrumentos tém se
destacado, pois além de serem equipamentos confiaveis
(HANSSON et al., 2004; SHIRATSU e COURY,
2003), apresentam as vantagens de serem leves,
portateis e simples de operar (CAMPBELL-



KYUREGHYAN et al., 2005; ROWE et al., 2001;
SPIELHOLZ, 1998; TESIO et al., 1995) sendo
aplicaveis tanto ao ambiente clinico quanto ao
ocupacional (BALL ¢ JOHNSON, 1996; CAMPBELL-
KYUREGHYAN et al., 2005).

Contudo, como ndo ha relatos na literatura da aplicacao
desse equipamento na articulagdo do pescogo, torna-se
necessario avaliar qual o modelo de sensor do
eletrogoniémetro ¢ mais adequado (SG150 ou XM110)
para aplicagdo na regido da cabega/pescogo, assim
como a melhor forma de acoplamento dos sensores nos
individuos para que esse instrumento fornega
resultados mais precisos.

Recentemente, inclinémetros vém sendo utilizados
para avalia¢do da postura e movimentos da coluna
cervical em ambiente ocupacional (ARVIDSSON et
al., 2008; BALOGH et al., 2006; HANSSON et al.,
2001b; HANSSON et al., 2006; JUUL-KRISTENSEN
etal., 2001; VEIERSTED et al., 2008;). Os
inclindmetros sdo pequenos transdutores constituidos
por acelerometros triaxias, que fornecem

medidas de postura e movimento tendo a linha de
gravidade como referéncia (HANSSON et al., 2001a).
O erro angular médio do transdutor associado ao
software ¢ de 1,3° (HANSSON et al., 2001a).
Entretanto, esse instrumento s6 permite o registro dos
movimentos de flexo-extensao e inclina¢ao do pescogo,
os movimentos de rotagdo ndo sdo registrados.

Assim, inclindmetros podem ser utilizados para testar a
melhor forma de acoplamento dos eletrogonidometros
por meio da confiabilidade paralela entre as diferentes
disposigoes do eletrogonidmetro e os registros
inclinométricos simultaneos.

Objetivo: identificar o modelo (SG150/XM110) e a
forma acoplamento de sensores eletrogoniométricos
associados a torsidmetros mais adequados para
avaliacdo de movimentos tridimensionais da coluna
cervical.

2. METODOS

2.1 Sujeito

Um individuo do sexo feminino (25 anos, 1,65m ¢ 63
kg) participou do estudo. O voluntario foi informado

sobre os procedimentos de coleta e autorizou a
utilizacdo das imagens para fins académicos.

2.2 Equipamentos

Para o registro dos movimentos de flexo-extenséao e
inclinagdo da articulagdo do pescogo foram utilizados
dois modelos dos sensores do eletrogoniometro
XM110 e SG150 -Biometrics, Ltd, UK- (Figura 1) e
uma unidade de aquisi¢do de dados (DatalLog) a uma
freqiiéncia de aquisicdo de 100Hz, assim como dois
inclindmetros (Logger Tecknologi, Akarp, Sweden) e
uma unidade de aquisi¢do de dados (DatalLoger) a uma
freqiiéncia de aquisicdo de 20Hz. Além disso, para
comparar diferentes disposi¢des do eletrogoniometro
associado aos torsiometros, foram utilizados
torsiometros Q110 -Biometrics, Ltd,UK- (Figura 1).

ZM110 0110

5G150

Figura 1.Eletrogonidmetros SG150 e XM110 e o
torsiometro Q110 (Biometrics,L.td, UK) utilizados
nesse estudo.

2.3 Preparacio do sujeito

Para possibilitar a fixagcdo dos terminais telescopicos
dos sensores na cabe¢a do voluntario, foi
confeccionada uma touca em tecido elastico e velcro. O
uso da touca forneceu um ponto fixo sobre a parte
posterior da cabega, o que seria impossivel obter
devido a presenga de cabelo.

Para melhor acoplamento dos terminais fixos dos
sensores, foi fixada uma placa flexivel de etil vinil
acetato (EVA) com a borda superior sobre C7 para
servir de fixagdo e diminuir o artefato de tecido mole.



2.4 Coleta de dados

Comparagado entre os sensores eletrogoniométricos
XM 110eSG 150

Para identificar qual o modelo do sensor mais
adequado para avaliagdo da articulagdo do pescoco,
foram comparados os sensores eletrogoniométricos
XM110 e SG150 (Figura 2). A diferenca entre os dois
modelos de sensor é o comprimento da mola entre os
terminais fixo e telescopico, dessa forma o XM110 tem
uma mola de 110 mm e o SG150 uma mola de 150
mm. Esses sensores permitem o registro dos
movimentos de flexdo/extensdo e inclinacdo lateral da
coluna cervical.

Figura 2. Sensores XM110 (A) e SG150 (B) acoplados
ao individuo para permitir a identificagdo de qual
modelo ¢ mais adequado para o uso na articulagcdo do
pescoco.

Os terminais telescopicos do eletrogoniémetro foram
fixados com fita adesiva dupla-face na regiao occipital
sobre a touca e os terminais fixos sobre a placa de EVA
com o inicio da mola sobre C7. Esse acoplamento do
sensor garantiu a avaliagdo dos movimentos da
articulagdo do pescoco.

Para a comparagdo entre os sensores XM110 e SG150,
cinco repeticdes dos movimentos de flexo-extensdo e
inclinagdo lateral direita e esquerda foram avaliados.

Comparagao entre duas disposigoes do

eletrogoniometro associado ao torsiometro
“ . ”»

(“sandwich”)

Para avaliagdo tridimensional da coluna cervical, um
torsiometro deve ser acoplado ao eletrogonidometro,
para que os dois equipamentos registrem
simultaneamente os movimentos de flexdo/extensao,
inclinagdo lateral e rotagdo da coluna cervical. Este

acoplamento dos sensores (eletrogonidmetro associado
ao torsidmetro) foi denominado de “sandwich”.

Para o melhor acoplamento do “sandwich” durante o
registro dos movimentos da cervical, os sensores do
eletrogonidmetro e do torsidmetro foram colocados
dentro de suportes acrilicos que forneceram base plana
para fixagdo ao individuo. Os terminais telescopicos do
eletrogonidmetro e do torsidmetro foram fixados na
touca sobre a regido occipital e os terminais fixos sobre
a placa de EVA com o inicio da mola sobre C7.

O “sandwich” foi testado em 2 disposigoes diferentes:
na posicao sugerida pelo fabricante (Figura 3-A) e,
com os sensores girados em 90° com relagdo a posigao
anterior (Figura 3-B).

e . Al ’ d
Figura 3. Posicionamento do “sandwich”. A.
“Sandwich” na configuragdo orientada pelo manual do
fabricante. B. “Sandwich” em um plano perpendicular
ao orientado pelo manual do fabricante.

O torsidometro foi utilizado para compor o “sandwich”,
entretanto, seus dados ndo foram coletados, pois as
duas diferentes disposigdes do sensor ndo acarretariam
alteracdo no plano de registro de movimento, ja que
este sensor ¢ uniaxial e afere a rotagdo entre os
terminais, independente da disposi¢ao deste sensor.

O registro da posicao de referéncia para o
eletrogonidmtero foi realizado com o individuo
sentado, com a cabega e troco superior em posi¢ao
anatomica. A posicao de referéncia foi registrada
durante 60 segundos.

Simultaneamente aos registros eletrogoniométricos
(“sandwich”), foram realizados registros dos
movimentos de flexo-extensao e inclinagao lateral da
coluna cervical através de inclindmetros biaxiais. Os
dados do inclinémetro foram utilizados para testar a
confiabilidade paralela entre as 2 disposi¢des do
“sandwich” e do inclindmetro.



Para o registro dos movimentos da cervical por meio da
inclinometria foram utilizados dois inclinémetros: um
na fronte do sujeito (Figura 4-A) e outro sobre C7
(Figura 4-B), a direita do “sandwich”. A posi¢do neutra
de referéncia para os inclinometros consistiu na postura
ereta do sujeito, com olhar fixo em uma marca na
altura dos olhos a 2 metros de distadncia. A posicao
fletida de referéncia para cabecga e tronco superior (C7)
consistiu na posi¢ao do sujeito sentado em uma cadeira
com flexao de tronco e cervical. Por meio da subtragdo
dos registros destes dois transdutores, foram obtidos os
movimentos da articulagao do pescogo.

Figura 4. Inclindmetros fixados na fronte (A)eem C7
(B) para o registro simultdneo com o eletrogoniometro

durante os movimentos de flexo-extensdo e inclinagdo
lateral.

O individuo realizou uma seqiiéncia de cinco
repeticdes para cada um dos movimentos avaliados:
flexdo/extensao e inclinagao lateral para direita e para
esquerda.

2.5 Analise dos Dados

Os registros do eletrogoniometro foram analisados
através de uma rotina desenvolvida em MatLab 6.5
(MathWorks Inc., Natick, MA, USA). Os dados foram
filtrados com um filtro passa baixa, 2* ordem,
Butterworth a 10Hz e uma analise de percentil (10,50 ¢
90) foi realizada para as amplitudes de movimento de
flexo-extensao e inclinagao lateral.

Os dados do inclindmetro foram analisados através do
software utilizado por HANSSON et al. (2001a) e os
percentis 10, 50 e 90 também foram calculados para as
amplitudes de movimento de flexo-extensdo e
inclinacdo lateral registrados pelos inclinémetros.

3. RESULTADOS

Comparagdo entre os sensores eletrogoniométricos
XM110e SG150

A comparagado entre os sensores XM110 e SG150,
permitiu verificar que o sensor SG150 permite maxima
amplitude de flexdo da cervical (média de 48° para as
cinco repeticdes aferidas). No entanto, foram
verificados rotagao e abaulamento excessivo da mola
deste sensor durante 0 movimento de extensao, o que
revela sua inadequacgdo quando aplicado a esta regido.
Ja o sensor XM110, ndo permite amplitude méaxima de
flexdo (média de 22° para as cinco repeticdes aferidas),
mas apresenta menor abaulamento durante o
movimento de extensao, como pode ser visto na Figura

i IL _A i-
Figura 5. Eletrogoniometro SG150 (A) e XM110 (B)
durante o movimento de extensao do pescoco.

Comparagdo entre duas disposigoes do
eletrogoniometro associado ao torsiometro
(“sandwich”)

Os resultados da comparagao entre os dois
posicionamentos do “sandwich” com os resultados do
inclindmetro estao apresentados na Tabela 1.



Tabela 1. Resultados angulares da flexo-extensao e
inclinacdo lateral do pescogo aferidos pelo
inclinometro (INC) e pelo eletrogonidometro (EGN) na
posigdo orientada pelo manual do fabricante (Posi¢ao
1) e em um plano perpendicular a orientagdo do
fabricante (Posi¢do 2) para os percentis 10, 50 e 90.

Percentis de

postura Posigédo 1 Posicédo 2
Flexo-extensdo(°)

INC EGN  INC EGN
10% -84 24,7 9,3 -8,6
50% 4,1 -4,3 2,9 3.3
90% 10,7 11,8 11,9 17,6

Inclinagdo lateral(®)

INC EGN  INC EGN
10% -12,3 26,2 -133 -17,2
50% -4,4 -1,03 -3,0 3,7
90% 12,3 17,7 11,8 28,8

A partir da Tabela 1, é possivel verificar que as
diferencas entre o registro do inclinometro e do
eletrogoniémetro para o movimento de flexo-extensao
s30 mais acentuadas para a posi¢do 1 do que para a
posicao 2, principalmente, para os percentis 10 e 50.
Para o movimento de inclinacao lateral, observa-se que
as maiores diferencas entre o inclindmetro e o
eletrogonidmetro ocorrem nos percentis 10 e 90, para a
posicao 1 e 2, respectivamente.

4. DISCUSSAO

O registro tridimensional dos movimentos da
articulacdo do pescogo € uma tarefa importante, pois ha
uma relacdo estabelecida entre a presencga de posturas
inadequadas e o desenvolvimento de dor e lesdes
musculoesqueléticas no pescogo (NIOSH, 1997).

Nesse contexto, os eletrogoniometros flexiveis
associados aos torsiometros constituem-se um método
viavel para o registro tridimensional dessa articulagdo,
ja que sdo equipamentos praticos, portateis e confidveis
(CAMPBELL-KYUREGHYAN et al., 2005;
SHIRATSU e COURY, 2003; HANSSON et al., 2004;
ROWE et al., 2001; SPIELHOLZ, 1998; TESIO et al.,
1995).

Os resultados desse estudo indicaram que o sensor
XM110 é mais adequado para avaliagdo da articulacao
do pescoco, considerando as caracteristicas
antropométricas do individuo avaliado, ja que ocorre
abaulamento da mola do sensor SG150 durante a
extensdo do pescogo, sendo que esse abaulamento
provoca interferéncia no registro dos dados. Contudo, a
aplicag@o do sensor XM110 permite o registro de
amplitudes de movimento de até 22° de flexdo, o que
pode ser uma faixa limitada para avaliar a
movimentacdo cervical em situagdes reais de trabalho.
Dessa forma, € necessario avaliar a viabilidade da
aplicacdo desse instrumento nos individuos em
ambiente ocupacional e se constatado que o
equipamento restringe a realizacdo dos movimentos do
pescogo, sugerir ao fabricante uma revisao do sistema
para aumentar amplitude de movimento registrada pelo
equipamento para avaliacdo da cervical.

Dentre os dois acoplamentos do eletrogoniometro
associado ao torsiometro (“sandwich”) avaliados nesse
estudo, observou-se que para o movimento de flexo-
extensdo, as maiores diferencas angulares entre os
eletrogonidmetros e os inclindmetros ocorreram para a
posigdo 1 nos percentis 10 e 50. Essa diferenga
provavelmente ocorreu pela configuragdo da mola do
eletrogonidometro quando o “sandwich” esta acoplado
na posicdo 1, visto que essa disposi¢do do sensor
provoca maior abaulamento da mola em posi¢do
neutra, que resulta em um registro de maior amplitude
de extensao do pescogo pelo eletrogonidmetro. Por
outro lado, os registros eletrogoniométricos de flexo-
extensao na posicao 2 apresentaram resultados
relativamente similares aos registrados pelos
inclindmetros.

A comparacdo da amplitude de movimento aferida pelo
eletrogoniémetro e pelos inclindmetros indicou
diferencas acentuadas entre os dois equipamentos para
a inclina¢ao lateral. Contudo, essas diferencas
apresentaram magnitude relativamente similar tanto
para o acoplamento do “sandwich” na posi¢ao 1 como
para o acoplamento do “sandwich” na posi¢ao 2, nos
percentis 10 e 90, respectivamente.

Uma possivel razao para a diferenca de amplitude de
movimento entre os dois equipamentos para o
movimento de inclinagdo lateral é a presenca de
crosstalk nos dados do eletrogonidmetro. O crosstalk é
o registro errdbneo dos movimentos de inclinagdo
durante os movimentos de flexo-extensao, e vice-versa,
podendo ocorrer por trés razdes (1) desvios mecanicos
nas propriedades geométricas dos elementos sensiveis
do gonidometro; (2) mau alinhamento de um dos



terminais, resultando na rotagao axial do gonidmetro;
(3) fixacao do goniometro fora do plano principal de
movimento (HANSSON et al., 2004). Devido ao
acoplamento cuidadoso dos sensores, presumi-se que o
primeiro tipo de crosstalk ¢ o que mais influenciou os
resultados apresentados. Uma alternativa para esse tipo
de erro ¢é realizar a corre¢do dos dados a partir de
equagdes de correcdo propostas recentemente (SATO
et al., 2008).

5. CONCLUSAO

Os resultados deste estudo permitiram concluir que o
sensor XM 110 ¢ mais adequado para avaliagdo da
articulacdo do pescoco que o sensor SG150, pois esse
ultimo modelo de sensor tem sua mola abaulada
durante a extensdo do pescogo, 0 que provoca
interferéncia no registro dos movimentos. Contudo, a
sensor XM 110 nao deve ser utilizado para avaliacao de
atividades que exijam amplitudes de flexdo do pescogo
superiores a 22°.

Dentre os dois posicionamentos do “sandwich” para o
registro tridimensional dos movimentos do pescoco, a
posicao 2 apresentou resultados de flexo-extensdao com
magnitude relativamente similar aos resultados
apresentados pelos inclindmetros, demonstrando ser a
melhor forma de acoplamento dos sensores.
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REGISTRO POSTURAL DA CABECA, TRONCO SUPERIOR, CERVICAL
E MEMBROS SUPERIORES EM SITUACAO OCUPACIONAL:
DESCRICAO DE METODO PARA REGISTRO POR INCLINOMETRIA.
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Palavras-chaves: inclinometria, exposicdo, postura, medida direta.

Objetivo: Descrever os métodos utilizados para registro postural de articulagdes com varios graus de
liberdade de movimento, como cabega, tronco superior, cervical e membros superiores (MS) por
meio de inclinometria durante a realizagdo de uma atividade ocupacional. Métodos: Um eletricista
sadio (48 anos) foi registrado durante uma atividade. Foram utilizados 4 inclindmetros, fixados no
capacete, no tronco superior ¢ nos MS de acordo com os métodos de Hansson et al. (2001b).
Resultados: Em 50% das observagdes, amplitudes superiores a 42° ¢ 70° foram encontradas para a
cervical e MS, respectivamente. Conclusdo: A inclinometria revelou ser uma ferramenta util de
medida de exposi¢do postural para articulagdes triaxiais em situacdo ocupacional, que constituem
ainda um grande desafio para ergonomia.

Keywords: inclinometry, exposure, posture, direct measurement.

Object: To describe the methods for postural recording of triaxial joints, such as head, upper back,
neck and upper arms (UA) using inclinometry during occupational activity. Methods: One healthy
lineman (age 48 years) from a electricity distribution company was registered during an activity.
Four inclinometers were attached to helmet, upper back and UA according to Hansson et al. (2001b)
methods. Results: In 50% of the observations, amplitudes of 42° and 70° or higher were recorded for
neck and UA, respectively. Conclusion: Inclinometry is a useful tool for measuring posture exposure

for triaxial joints at occupational environment, which still is a challenge for ergonomics.

1. INTRODUCAO

Medidas de exposicao de trabalhadores a fatores de
risco para disturbios osteomusculares relacionados ao
trabalho (DORTSs) sdo essenciais para ergonomia
(DAVID, 2005). Por meio da identificacdo dos fatores
de risco e do entendimento dos mecanismos que
conduzem as lesdes, ergonomistas podem propor

programas preventivos que reduzam os fatores de risco.

Neste sentido, o conhecimento da exposi¢do pode ser
utilizado para reduzir a incidéncia e a severidade das
desordens musculoesqueléticas (DAVID, 2005;
MARRAS et al., 2008).

As posturas corporais tém evidéncia epidemioldgica de
relacdo causal para o surgimento dos DORTs
(BERNARD, 1997). Mais especificamente, posturas
extremas que ocorrem com freqiiéncia durante o
trabalho sdo consideradas fatores de risco para o
desenvolvimento de dor e desconforto em

trabalhadores (COURY, 1999; SLUITER, REST ¢
FRINGS-DRESEN, 2001).

Medidas validas e acuradas de exposicao ao fator de
risco postural podem ser adquiridas por meio de
instrumentos de medidas diretas no local de trabalho.
Este método de medida permite estimar os 3 fatores
que quantificam a exposi¢do: intensidade, freqiiéncia e
duragdo (VAN DER BEEK e FRINGS-DRESEN,
1998; WINKEL ¢ WESTGAARD, 1992), os quais sdo
essenciais para evidenciar a relacdo causal entre o fator
de risco em questdo ¢ os DORTs (BERNARD, 1997).

Medidas diretas validas de postura e movimento em
ambiente ocupacional podem ser feitas por meio de
inclinometria (BERNMARK e WIKTORIN, 2002).
Inclindmetros sdo pequenos transdutores constituidos
por acelerometros triaxias, que fornecem medidas de
postura e movimento, tendo a linha de gravidade como
referéncia (HANSSON et al., 2001a). Estes



transdutores podem ser utilizados para o registro
postural durante um dia inteiro de trabalho com
freqiiéncia de aquisicdo de 20Hz (HANSSON et al.,
2003), sem afetar a rotina de trabalho dos individuos
avaliados (BERNMARK ¢ WIKTORIN, 2002).

Inclinémetros t€ém demonstrado ser altamente precisos
(HANSSON et al., 2006) para avaliacdo de sobrecarga
postural em articulagdes complexas como ombros e
cervical (JUUL-KRISTENSEN et al., 2001;
VEIERSTED et al., 2008). Essas articulagdes
apresentam cinematica complexa com 3 graus de
liberdade e grande amplitude de movimento (LOWE
2004; NORKIN e LEVANGIE, 2001; VAN DER
BEEK e FRINGS-DRESSEN, 1998; YEN e RADWIN,
2002), o que dificulta sua avaliagdo precisa em
ambientes ndo controlados (laboratoriais).

Objetivos: Descrever os métodos utilizados para
registro postural da cabega, tronco superior ¢ membros
superiores por meio de inclinometria durante a
realizacao de uma atividade ocupacional.

2 METODOS
2.1 Sujeito

Para melhor descrevermos a utilizagao dos
inclindmetros em situagdo ocupacional, escolhemos a
atividade de eletricista, que sera apresentada como um
estudo de caso. Um eletricista de uma empresa de
distribuicao de energia elétrica brasileira, de 48 anos,
sadio e destro, participou do estudo. O participante foi
informado sobre os procedimentos de coleta e assinou
um termo de consentimento. O estudo foi aprovado
pelo Comité de Etica em Pesquisa em Seres Humanos
(CAAE 0164.0.135.000-07).

2.2 Procedimento de coleta

Foram utilizados 4 inclinometros (Logger Tecknologi,
Akarp, Sweden) para medida de postura da cabega,
tronco superior, cervical e membros superiores a uma
freqiiéncia de aquisi¢ao de dados de 20Hz.

A primeira etapa do procedimento de coleta de dados
por inclinometria envolve a calibragdo dos
inclindmetros antes da preparagdo do sujeito. Foram
calibradas as dire¢des X, Y e Z de cada inclinometro
em relacdo a linha de gravidade. Para isto, cada uma
das 6 faces do inclindmetro foi posicionada sobre uma
superficie plana durante 5 segundos.

Ap6s a calibracdo, os inclinometros foram
desconectados da unidade de aquisicao de dados (data
logger), sem interrupcao do registro, para facilitar a sua
fixagdo no sujeito. Fita adesiva dupla face foi utilizada
para fixar os inclinometros no individuo.

A fixagdo do inclindmetro na fronte do sujeito para os
registros referentes a cabeca nao foi possivel, porque o
trabalhador utilizava capacete como equipamento de
protecdo individual obrigatdrio. Assim, este
inclindometro foi fixado na parte anterior do capacete,
como se estivesse centralizado na fronte do sujeito,
como pode ser visto na Figura 1.

Figura 1. Inclindmetro posicionado para registro
postural da cabeca. A. Inclinometro fixo no capacete.
B. Inclindbmetro como deveria ser fixado na fronte do
trabalhador se este ndo utilizasse capacete.

Para o posicionamento do inclindmetro no tronco
superior, a sétima vértebra cervical foi palpada e
marcada com caneta hidrocor. O inclindmetro foi
fixado a direita do processo espinhoso de C7/T1
(Figura 2). Para melhor fixac#o, foi colado adesivo
cirargico de 10cm sobre o transdutor.

Figura 2. Inclindmetro acoplado a direita do processo
espinhoso de C7/T1 para registro postural do tronco
superior.

Para o posicionamento dos inclindmetros nos membros
superiores, palpou-se o deltdéide durante a abdugéo do



ombro para encontrar sua inser¢ao distal. Uma placa
plastica foi fixada abaixo da inser¢ao distal do deltoide.
Em seguida, o transdutor foi fixado sobre a placa
plastica (Figura 3), que foi utilizada para diminuir os
efeitos dos artefatos de tecido devido a abaulamentos

da musculatura.

i -
Figura 3. Inclindmetro posicionado para o registro
postural dos membros superiores. A. Detalhes da
fixacdo do inclindmetro sobre a placa plastica no
membro superior direito. B. Inclinometros fixos
bilateralmente.

Para garantir a fixac@o dos transdutores no membro
superior, foram colados adesivos cirurgicos de 10cm
sobre o transdutor, assim como faixas elasticas ao redor
do brago. Estes procedimentos foram adotados para
garantir a fixacdo dos inclindmetros, pois o suor pode
eventualmente provocar o descolamento dos
transdutores.

Em seguida, foram registradas por 5 segundos a
posicao de referéncia neutra e de direcao dos
movimentos. A posi¢do neutra de referéncia para
cabega e tronco superior (0° de flexdo/extensdo e
inclinacdo lateral) consistiu na postura ereta do sujeito,
com olhar fixo em uma marca na altura dos olhos a 1
ou 2 metros de distancia. Como pode ser visto na
Figura 4.

Figura 4. Posicdo neutra de referéncia para o registro
postural da cabeca e tronco superior.

A posigao de referéncia para a direcdo dos movimentos
da cabega e tronco superior consistiu na postura do
sujeito sentado em uma cadeira realizando flexdo de
tronco e cervical. Nesta postura, o olhar do sujeito deve
visualizar um ponto entre os pés.

A posi¢ao neutra de referéncia para os membros
superiores foi obtida com o sujeito sentado em uma
cadeira, com axila sobre o apoio das costas e o brago
pendendo livremente. Um peso de 2kg foi segurado
pelo individuo para garantir que o brago permanecesse
perpendicular ao solo (Figura 5).

Figura 5. Posicdo neutra de referéncia para o registro
postural do membro superior direito.

A referéncia para a diregdo dos movimentos dos
membros superiores direito e esquerdo consistiu na
abdugdo simultanea dos bracos a 90°, com o individuo
ereto olhando para uma marca na altura dos olhos.

As posicdes de referéncias neutra e de dire¢do dos
movimentos foram meticulosamente definidas para
garantir a qualidade dos registros. Todo procedimento
de coleta de dados foi baseado no protocolo de
HANSSON et al. (2001b).

2.3 Tarefa analisada

Foi realizado o registro inclinométrico durante a
realizagdo de uma atividade ocupacional comum na
rotina do eletricista de distribuicdo de energia elétrica,
a atividade de substitui¢ao de elo fusivel em solo.

Essa atividade consiste no manuseio de uma haste
retratil de aproximadamente 6,3Kg (vara telescopica),
que ¢ utilizada para a retirada e substituicao do elo
fusivel queimado no poste. A tarefa exige forga,
atengdo e coordenagdo motora para a sua execucao

(Figura 6).



Figura 6. Eletricista durante atividade de troca de elo
fusivel em solo com uso da vara telescopica.

O registro da atividade ocupacional foi realizado no
centro de treinamento da propria empresa, utilizado
para reproduzir as condi¢des de trabalho habitual.
Desta forma, a atividade foi realizada sem qualquer
risco a saude dos funcionarios e respeitando as normas
de seguranca do trabalho da empresa.

2.4 Analise dos dados

A tarefa foi analisada descritivamente de acordo com a
distribuicdo de posturas da cabeca, tronco superior,
cervical e membros superiores por um software
desenvolvido no Departamento de Medicina
Ocupacional no Hospital da Universidade de Lund,
Suécia. Foram analisadas as posturas de
flexdo/extensdo e inclinagdo lateral direita/esquerda da
cabega, tronco superior e cervical e as posturas de
elevagdo dos membros superiores. As posturas da
cervical foram calculadas como a diferenca entre os
registros da cabega e do tronco superior. O software
utilizado para analise foi descrito por HANSSON et al.
(2001a).

3. RESULTADOS

A Tabela 1 apresenta os resultados da analise de
exposicao postural da cabega, tronco superior, cervical
e membros superiores obtidos por meio da
inclinometria. Os percentis 10, 50 e 90 permitem
verificar a exposi¢do postural a que o individuo esta
submetido durante a tarefa para cada regido corporal
(Tabela 1).

Tabela 1. Postura (°) de flex@o(+)/extensdo(-) e
inclinagdo lateral direita(+)/esquerda(-) da cabega,
tronco superior, cervical e elevacdo dos membros
superiores nos percentis 10, 50 ¢ 90.

Posturas Percentis de postura (°)
10 50 90

Cabeca

Flexao/ extensdo -65 -53 -10

Inclinagao lateral -12 -1 13

Tronco superior

Flexao/ extensao -20 -9 5

Inclinagao lateral -21 -5 8

Cervical

Flexao/ extensao -64 -42 1

Inclinagao lateral -13 8 21

Braco direito

elevacdo 12 73 114

Brago esquerdo

elevacdo 51 89 118

4. DISCUSSAO

O registro postural acurado das articulagcdes do ombro
e cervical em situag@o ocupacional € uma tarefa
complexa. Contudo, a inclinometria se apresentou
como uma ferramenta util, pois foi capaz de identificar
o risco postural na atividade avaliada (substitui¢do de
elo fusivel em solo).

A andlise dos resultados permitiu verificar que a
substituicdo de elo fusivel é uma tarefa com alto risco
postural para o desenvolvimento de desordens
musculoesqueléticas para cervical e ombros. O
percentil 50 de postura da cervical revela que o
eletricista permanece em extensao superior a 42° em
50% das observagoes, o que pode ser considerado um
fator de risco importante, pois a presencga da extensio
cervical mesmo em pequenas amplitudes ja €
considerada como fator de risco postural. Para a
articulacdo do ombro, observamos pelo percentil 50



que ha elevagdo do ombro superior a 73° para o brago
direito e 89° para o brago esquerdo em 50% das
observagdes, sendo que excursdes do ombro em
amplitudes superiores a 60° sdo consideradas fatores de
risco para o desenvolvimento dos DORT
(KEYSERLING et al., 1993; MC ATAMNEY e
CORLETT, 1993; SCHNEIDER,1995).

A inclinometria mostrou-se viavel na situagao
ocupacional escolhida por ser portatil, de facil
manuseio e nao exigir muito tempo para calibragio e
preparagdo do sujeito (HANSSON et al., 2001a;
BERNMARK ¢ WIKTORIN, 2002). Além disso, seu
uso ¢ confortavel e ndo interfere nas técnicas de
trabalho (BERNMARK e WIKTORIN, 2002). A
inclinometria apresenta ainda a vantagem de ser um
equipamento acurado, com erro angular médio do
transdutor associado ao software de 1.3° em condigdes
tridimensionais (HANSSON et al., 2001a).

Devido a alta aplicabilidade dos inclinémetros,
algumas consideracdes devem ser feitas quanto ao seu
uso. Imprecisdes nos métodos de registro da posigao de
referéncia podem gerar variabilidade nos registros de
postura que ndo representem variagdes existentes no
movimento (HANSSON et al., 2006). Além desta
imprecisdo, outras fontes de erro da inclinometria estdo
presentes nos registros em movimentos a altas
velocidades (BERNMARK e WIKTORIN, 2002).
Outra limita¢ao deste método € que este ndo distingue
os movimentos de flexdo e abdugdo dos membros
superiores (BERNMARK e WIKTORIN, 2002), pois o
registro tem como referéncia a linha da gravidade
(HANSSON et al., 2001a), o que ndo permite distinguir
a elevacdo do braco que ocorre no plano frontal da
elevagdo do brago que ocorre no plano sagital.

Apesar destas limitagdes, a acuracia e a aplicabilidade
em ambiente ocupacional, fazem da inclinometria uma
importante ferramenta para a Ergonomia. Este método
permite a realizag@o de estudos com forte evidéncia
sobre a relagdo entre a exposicao a fatores de risco e as
desordens musculoesqueléticas (BERNARD, 1997).
Assim, torna-se possivel a realizacdo de estudos que
possam suprir a auséncia de pesquisas que estabelecam
evidéncias epidemioldgicas concretas por meio de
medidas diretas de exposicao (WINKEL e
WESTGAARD, 1992). Ainda, este método permite
avaliar os efeitos de intervengdes na redugao da
exposicao postural, que ndo sdo detectaveis por outros
métodos como avaliagdes subjetivas ou mesmo
observagoes sistematicas (JUUL-KRISTENSEN et al.,
2001; VEIERSTED et al., 2008).

5. CONCLUSAO

A inclinometria revelou ser uma ferramenta til de
medida de exposigdo postural em situacdo ocupacional.
No entanto, ela deve ser utilizada em conjunto com
outras medidas de exposicdo externa que também
avaliem sobrecarga fisica, como for¢a realizada e carga
manuseada (JUUL-KRISTENSEN et al., 2001), além
da avaliacdo de outros fatores que possam contribuir
para o desenvolvimento dos DORT, como fatores
organizacionais, sociais e individuais (VAN DER
BEEK e FRINGS-DRESEN, 1998; PUNNETT e
WEGMAN, 2004).
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ABSTRACT

The repair and maintenance of electrical power lines involves awkward
postures, which are known risk factors for developing musculoskeletal
disorders. The aim of the present study was to quantify the postures and
movements of the upper arm, head, upper back and neck in the main tasks
performed by line workers. The posture of twelve right-handed line workers was
recorded by inclinometry and presented as percentiles of the angular and
angular velocity distributions. All tasks involved considerable upper-arm
elevation, ranging from 73° to 115° for the 90" percentile. Upper-arm elevation
showed significant differences between tasks, but no consistent differences
between right and left sides. Regarding velocity, the right arm presented higher
levels than the left arm. All tasks required significant extension of the head,
upper back and neck, ranging from 7° to 67° for the head (10" percentile). All
tasks, except the one performed with a continuous extension, also involved
pronounced flexion, ranging from 33° to 60° for the head (90" percentile). Work
which required highly elevated arms also required significant head extension (r*
= 0.56). Awkward postures of the upper arms, head, upper back and neck were
identified by inclinometry, demonstrating the need for preventative interventions

to reduce musculoskeletal disorders among line workers.



1 Introduction

The use of renewable energy sources should be stimulated in order to
change current consumption patterns based on fossil fuels, which are
associated with high levels of pollution emission. In recent decades, Brazil has
endeavored to increase its use of renewable energy sources, which currently
represent 41.3% of national consumption, compared to an average of 14.4% for
the rest of the world". Brazilian renewable electricity has a strong hydraulic
base and requires an extensive overhead power line network to transmit the
energy from power stations to the consumer. Repairs and maintenance to this
network are performed by line workers.

The work conditions of line workers have been associated with a high
prevalence of musculoskeletal disorders, elevated medical treatment costs,
workers’ compensation claims and employee turn-over?. These disorders have
been associated with stress at work® and exposure to weather conditions such
as cold environments, which can contribute to the development of
musculoskeletal symptoms‘”. Biomechanical risk factors such as the high
physical workload due to heavy equipment and tool handlings) and the extreme
arm postures adopted on the job2) have also been investigated in the context of
line worker health. Previous studies on such physical risk factors have used
systematic observation® ® and measurements of exerted force and muscular
activity™ ). However, no studies using objective measurements to evaluate
upper arm and neck posture and movement in line workers were found in the

available literature.



Inclinometers can be used to obtain quantitative and generic data on
workplace posture and movement. This portable approach enables precise

9 providing a basis for

ambulatory and unobtrusive whole-day recordings®
kinematic analysis and an understanding of the possible biomechanical risks
involved in line workers’ activities.

The identification of risk factors by biomechanical assessment can allow
ergonomists to design preventative interventions that reduce hazard conditions

10, 11

in the workplace ). The accurate quantification of risk factors present in

working conditions can also lead to the development of more precise prevention

191 Furthermore, the use of biomechanical assessment can both

guidelines
improve the quality of ergonomic interventions for reducing work-related
disorders and evaluate the efficacy of implemented interventions'?.

A previous study on line workers carried out in a Brazilian electrical
energy distribution company revealed that 87% of the evaluated workers
presented at least one type of musculoskeletal symptom during the previous 12
months. Shoulder (43%) and back-related (43%) symptoms were the most
prevalent'. Considering these findings, it seems relevant to evaluate, using
objective measurements, the kinesiological risk present in these activities.

Thus, the objective of this study was to quantify the upper arm, head,

upper back and neck postures and movements required for the most common

tasks performed by line workers.

2 Subjects and Methods

2.1 Subjects and Ethical Aspects



Twelve right-handed male line workers (mean age 43+7.9 years; weight
86%17 kg; height 1.80+£0.08 m; employment time as a line worker 16+6.1 years)
working at an electrical energy distribution company in Brazil participated in the
study.

All subjects were informed about the procedures involved in this study
and gave their written informed consent. The study was approved by the local
ethics committee of the Federal University of Sdo Carlos.

2.2 Tasks performed and safety requirements

Line workers are responsible for repairing and doing maintenance work
on low voltage power lines (110 and 220 volt). The work is performed on the
ground or on ladders leaning against a pole/attached to a truck. According to
the company safety regulations, when performing their tasks, the line workers
should wear special clothes, use a protective helmet and have no contact with
any metal object (e.g. watches or rings).

Due to these safety regulations, it was not possible to perform the
measurements while the power lines were energized. Thus, the measurements
were performed at a technological center for line worker training, where the
complete occupational environment is reproduced without active power lines in
order to prevent training accidents. At this center, line workers can be trained,
periodically re-trained, and become familiarized with new equipment safely.
Due to compulsory national regulation legislation, line workers must attend

retraining sessions on a regular basis.

2.3 Procedures

2.3.1 Inclinometry



Four inclinometers and a data logger (Logger Teknologi HB, Akarp,
Sweden) were used to record the postures and movements of the right and left
upper arms, head, upper back and neck. The sampling rate was 20 Hz. For the
upper arms, the inclinometers were attached to plastic plates that were fixed
below to the deltoid muscle insertion. For head measurements, the inclinometer
is usually fixed to the forehead; however, since there was not enough space
inside the helmet, the sensor was attached to the outside of the helmet before
the subject put it on. The upper back inclinometer was fixed to the right of the
cervicothoracic spine at the C7-T1 level®.

After attaching the inclinometers to the above-described locations, the
line workers put on their protective clothes and helmets. Their clothes and
helmets were individually adjusted for an exact fit. All inclinometer cables
remained beneath the protective clothes. Next, the inclinometers were
connected to the data logger and the reference and direction positions were
registered. The reference position for the upper arms was obtained while the
subject sat with his arms hanging perpendicular to the floor and holding a 2 kg
dumbbell. The reference position for the head and upper back was obtained
while the subject stood looking at a mark at his eye level. The forward direction
position for the upper arms was set at 90° of elevation in the scapular plane.
The forward direction position for the head and upper back was defined while
the subject sat with his neck and trunk flexed .

2.3.2 Worksite and work tasks

Based on the line workers’ productivity schedules, which are records of

the main tasks they performed, the following five tasks were determined to be

the most frequent, and were thus selected for evaluation:



a) “Photoelectric relay replacement” (T1): The worker climbed a ladder,
removed and substituted a relay with rotating hand movements and then
climbed down (Figure 1A).

b) “Turning a consumer unit off and on” (T2): The worker climbed a ladder at a
consumer pole, removed and substituted a connector between two wires with a
pair of pliers and climbed down (Figure 1B).

c) “Lamp replacement” (T3): The worker climbed a ladder attached to a truck to
reach a lamp, opened the protective cover, removed and substituted the bulb,
closed the protective cover and climbed down (Figure 1C).

d) “Ladder raising and removal”’ (T4): This is an auxiliary task consisting of
raising the ladder into position before climbing up and removing it after climbing
down. The worker took the ladder from its support on the truck, which was at a
height of 1.70 m, leaned it against the pole, attached the ladder to the pole with
a rope, and then removed the ladder and put it back on the truck support. The
ladder weighs 26 kg (Figure 1D).

e) “100 amp fuse replacement” (T5): The worker substituted a fuse while
standing on the ground by using a telescopic stick weighing 6.3 kg that had a
maximum height of 8 m. The worker held the stick perpendicular to the ground
and with repetitive arm elevations extended segments to reach the fuse on the
top of the pole. The worker maneuvered the telescopic stick to remove the fuse.
Next, the worker collapsed the stick segments to retrieve the fuse and substitute
it with a new one. Finally, the worker installed the new fuse at the top of the pole

and collapsed the telescopic segments once again (Figure 1E).
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Insert Figure 1 about here

To guarantee that all line workers performed the same tasks, a
supervisor provided information regarding the order of the tasks to be carried
out by the workers, which was randomised.

The total duration of the recordings, including preparation time and
transportation between work stations, was about 22 minutes. The duration of
the tasks was similar for all workers, with an average of 2 min 15 s, 4 min 20s, 2
min 22 s, 2 min 20 s, and 4 min 1 s for tasks T1, T2, T3, T4 and T5,
respectively.

In order to verify similarities between the simulated tasks and those
performed in the field (real tasks), the duration of some of the tasks performed
in the field was observed and timed during regular shift work for 6 workers. The
average duration of the real tasks for these 6 workers was 6 min 14 s, 2 min 32
s and 2 min 35 s for tasks T2, T3 and T4, respectively. Not all workers
performed tasks 1 and 5 during the observation period. The durations of these
three simulated and field tasks can be considered relatively similar, with slightly
longer periods necessary for the real activities. The durations of the main tasks,
whether real or simulated, were considerably shorter than preparatory tasks
such as transportation, marking off the area and material handling.

2.4 Data Analysis

For the upper arm elevation angles, the 50™ and 90" percentiles of the
angular distributions, i.e. the angles exceeded for 50% and 10%, respectively,
of the recording duration, and the fraction of time spent in amplitude zones with
the arm elevated above 60° and 90° were presented. Flexion/extension angles

of the head, upper back and neck were derived for the 10", 50" and 90"
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percentiles. As positive values denote flexion and negative extension, the 10"
percentile is a measure of extension (lower values correspond to more
extended positions), while the 90" percentile is a measure of flexion. For all
body regions, the angular velocities were derived from the 50™ percentile of the
angular velocity distributions. Neck flexion/extension angles and movements
were calculated as the difference between the corresponding measures of the
head and upper back'®. The order of tasks presentation was based on the
elevation of the right upper arm (90" percentile). Task exposures were
described by the mean value and standard deviation of the 12 workers.

For each posture and movement measurement, differences between
tasks were examined using the Friedman test. If this test identified differences
(p<0.05), the Wilcoxon signed ranks test with Bonferroni adjustment (p<0.005)
was conducted to evaluate the paired differences between tasks. The
Spearman correlation coefficient was applied to evaluate the association
between head extension and upper arm elevation. All calculations were

performed with SPSS v11.5 (SPSS Inc, Chicago, IL, USA).

3 Results
3.1 Upper arms

Regarding arm elevation, all workers performed the tasks in a similar
way, except for T5, which displayed scattered values for both the right and left
arms (Figure 2). For this task some of the workers with a very high (or low)
elevation on one side showed a very low (or high) elevation on the other side.
Hence, the SDs were, for almost all posture measures, conspicuously higher for

T5 than for any of the other tasks (Table 1).



12

Insert Figure 2 about here

Both the right and left upper arms presented high elevations for the five
tasks, ranging from 73° to 115°, for the 90™ percentile (Table 1). Line workers
maintained high levels of elevation (>60°) for long periods of time, varying from
18% to 69% of the total task duration, and very high elevations (>90°) 2% to
38% of the time.

The time spent in the different pre-established angular zones varied
between the tasks, as did the posture and velocity percentiles (Table 1).
Statistical differences were identified between most of the tasks, with all tasks
presenting high amplitudes of upper arm elevation, and tasks T3, T4 and T5
presenting very high mean amplitudes. Furthermore, there were significant
differences between tasks with respect to velocity, generally speaking. For the
right upper arm, velocities ranged from 54 to 94°/s, i.e., a relative difference of
74%. Task T4 was the most dynamic, with angular velocities of 94°/s for the
right upper arm and 88°/s for the left.

The mean value for the line workers showed, for all elevation measures,
symmetric arm elevation during T1, T3 and T4. For the “high end” measures,
i.e., the 90" percentile and elevation >90°, the values for the right arm were
considerably higher than those for the left during T2 (91° vs. 73° and 12% vs.
3.3%; Table 1). The velocities were higher for the right side than for the left
side; the relative differences ranged from 7% to 24% for the five tasks, and
were, on average, 14% higher for the right side.

Insert Table 1 about here

3.2 Head, upper back and neck
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The tasks primarily influenced head posture, but also had a substantial
effect on the upper back (Figure 3). A considerable fraction of the adaptation
was accomplished by flexing and extending the neck. The head, upper back
and neck presented both extension (10" percentile) and flexion postures (50"
and 90" percentiles) during the performance of tasks T1, T2, T3 and T4, while
in task T5 extension prevailed, showing the most pronounced negative
amplitudes recorded.

Insert Figure 3 about here

The values presented in Table 2 confirm the high amplitudes of head
flexion (56° to 60°) for tasks T1, T2 and T3 for the 90"percentile. These tasks
also presented high upper back (24° to 28°) and neck (36° to 38°) flexion
amplitudes. In task T5, generally extended postures were observed for all
segments and percentiles (except the 90" percentile for the neck), with a
conspicuous head extension of -67° for the 10" percentile. The tasks were
significantly different for most of the amplitudes and velocities evaluated, except
for some T1, T2 and T3 values. Regarding velocity, T4 was, as with the upper
arm measurements, significantly more dynamic than the other tasks.

Insert Table 2 about here

Considering all tasks jointly, working with elevated arms was associated
with head extension. The Spearman correlation between head extension (10"
percentile) and upper arm elevation (90" percentile) was -0.75 (p <0.01).

3.3 Inter-subjects variability

The inter-subjects variability (SD) for head, back and neck postures,

which ranged from 4° to 14°, showed no obvious differences according to task

or body region. On the other hand, the upper arms presented inter-subjects
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variability ranging from 3° to 32°, with Task 5 exhibiting higher levels of
variability for the upper arms than other tasks (see above).

Since the SDs increased with increasing mean values, the inter-subject
variability for velocity was evaluated by the CVs, i.e., the SD divided by the
mean value. The CV of the right and left upper arms, head, upper back and
neck ranged from 12% to 27%, with a mean value of 21% for the five body
regions and the five tasks.

4 Discussion
4.1 Upper arms

High values of arm elevation were identified for all tasks. The 90"
percentile and elevation >90° are measures of the high end of angular
distribution, and more specific for quantifying the occurrence of highly elevated
arms. There is no consensual safe limit for shoulder elevation at work available
in the literature. One of the possible reasons for this is the fact that postural
risks can be potentialized by other simultaneous biomechanical aspects present
in workplaces, such as exerted force'), repetition'® and psychosocial factors
such as mental demands'”. Nevertheless, it has been widely recognized that
high amplitudes of shoulder flexion and abduction are strongly associated with
musculoskeletal disorders'® 9. Different safe limits have been proposed for a
number of years. Since the 1970s, published studies have reported that
shoulder angles above 30° require substantial supraspinatus and deltoid muscle
activity19). Although recommendations differ, postures with shoulder abduction
or flexion above 60° are considered awkward in most of the available studies.
Considering, moreover, that this cut-off point was considered the safe limit of

upper arm elevation by ISO1 122629, it was adopted in the present study, along
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with 90°, as an anchor point for the description and interpretation of the results.
The 90° angle was adopted as a critical cut-off, since a clear relationship has
been found between jobs involving lifetime upper arm elevation and objective
signs of supraspinatus tendinopathy?". Moreover, Svendsen et al.?? found a
quantitative exposure-response relation between arm elevation and
supraspinatus tendinitus.

According to pathophysiological mechanisms, two risk factors could lead
to work-related disorders at shoulder in high arm elevation tasks. One factor is
the maintenance of muscle activation, which leads to increased muscle
pressure, a reduction in blood circulation and decreases in oxygenation and
Ca?* accumulation, which consequently result in morphological changes to the
muscles. The other factor is awkward posture, which leads to mechanical load
on tendons and peripheral nerves and may cause tissue damage23).

Task TS5 was the most critical, since the line workers spent more than
30% of its duration with their arms above 90°. The high amplitudes in this task
seem to have occurred while the line workers, working from the ground level,
substituted fuses at the top of the pole. Workers usually do not use ladders for
this task because it is very short, taking only a couple of minutes to accomplish.
However, considering the extreme postures present in this activity, it should be
redesigned to reduce risks. Possible design alternatives could include the use
of ladders attached to the truck or changes to the telescoping stick in
accordance with job safety requirements.

The generally higher velocity (14%) for the right arm indicates a higher
risk for the dominant arm than the non-dominant one. Still, even among the

rather similar tasks, the differences were considerably high (74%), indicating
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that the tasks themselves are a more important factor than right-handedness for
developing musculoskeletal disorders. Right-handedness had a significant
influence on elevation in only two of the five tasks, which isolates the task as
the primary target for intervention.

For standardized tasks repeated on separate occasions, Hansson et
al." reported an inter-subjects variability (calculated by adding the inter-day
and inter-subject variances) of 5.2° (SD) for angles described by percentiles
and 23% (CV) for velocities. In spite of safety regulations, the presence of a
trainer during task performance and the uniform environment at the training
center -all of which should have obliged the workers to carry out the tasks in a
standardized manner- the variation for all tasks was higher than the 5.2°
reported by Hansson et al.". The high variability in angles observed during T5
is presumably explained by individual preference for maintaining either the right
or the left upper arm higher during the stick maneuver. Moreover, in the real
workplace variability may be higher still due to different conditions such as the
presence of parked vehicles, trees, and other interference. On the other hand,
the variation in movement (21%) was surprisingly lower than for the
standardized tasks above.

4.2 Head, upper back and neck

High amplitudes of head and neck flexion were identified for tasks T1, T2
and T3, and pronounced extension was identified for all tasks, especially for T5.
Several studies have described a strong association between awkward or
extreme postures involving the head and neck and risks for developing work-
related musculoskeletal disorders'® ?#?®. Harms-Ringdahl et al.?”) calculated

the loading moments of force on the bilateral motion axis of spinal cervico-
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thoracic motion during extreme neck positions and reported that the load
moment when the whole neck was flexed was 3 to 6 times the value for the
neutral position. On the other hand, Sakakibara et al.?®) observed farmers fully
extending their necks during overhead fruit cultivation work (the opposite
situation) and concluded that such working postures may lead to symptoms of
vertebral artery insufficiency. According to 1S011226%% and Ariéns et al. %9,
head postures should be kept in between 0° and 25° of flexion to avoid
unfavorable positions. According to these recommendations, the levels of head
and neck flexion and extension during line worker activity should be reduced.

The strong association between high levels of upper arm elevation and
extensive head/neck extension was somewhat expected because the focus of
some activities was further above shoulder level. In these cases, an increase of
postural load for both joints is likely, which can raise the risks for developing
shoulder-neck disorders®”. Moreover, the extension movements of the lower
back observed during overhead work increase trunk moments, muscular activity
and spinal load®"), which could lead to disc herniations if repetitive flexion and
extension motion occurs®?. Thus, the redesign of these tasks should take into
account the collective risks for different body regions.

The results of the present study allowed the precise quantification of
posture and movement during the principal occupational activities of line
workers. Task 5 must be redesigned in order to reduce the extreme postures for
upper-arm elevation and, head, upper back and neck extension. After the
implementation of a new task design, the intervention outcomes should be

compared to the previous conditions to check for efficacy.
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Another relevant preventative intervention would be to provide worksite
exercise for the line workers, since even redesigned tasks can expose them to
risk factors. The use of exercise at the workplace to prevent musculoskeletal

disorders has been considered effective®*

, particularly if supervised, carried
out for at least 10 weeks, performed 2 to 3 times a week and if strengthening
exercises are also included®.
4.3 Methodological considerations

The absence of electrical current had probably only a minor, if any, effect
on subject performance, since they performed the tasks following their usual
procedures. Affixing the inclinometer to the helmet instead of the forehead could
have introduced only limited errors due to helmet movements, since the helmet
was well-secured to the head with straps and each line worker used his own
personal helmet. Moreover, the reference and direction positions were
registered after the helmet was secured to worker’s head, and the helmet was
not removed during the entire recording session. The aim of the recordings was
to characterize common tasks, and the supplementary, less demanding
activities (preliminary actions performed before tasks) were not included in the
recordings. Hence, the presented data show higher exposures and do not
represent overall job exposure.

The risks present in line work are both diverse and complex, including
lethal risks from electrical hazards and falls. The biomechanical risks are
multifaceted and, in future studies, additional simultaneous measurements of

exerted force, e.g. by electromyography, could be used to provide information

for more comprehensive interventions. To this end, whole-day recordings,
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which, in addition to task exposure, also provide data on job exposure and
exposure variation, are suitable.
5 Conclusion

The objective recording of movement was a useful tool for providing
ergonomists with precise results. There were significant differences between the
tasks analyzed. Nevertheless, awkward postures of the upper arms, upper
back, head and neck occurred during all activities. Ergonomic redesign of the

job is needed to prevent musculoskeletal disorders among workers.
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Table 1. Postures and movements for the right and left upper arms of the 12 line workers while performing 5 tasks. Mean
(M) and, within brackets, standard deviations (SD) are shown for the 50" and 90™ percentiles of arm elevation, as well as
the fraction of time spent in angular zones exceeding 60° and 90°. The 50" percentiles for the angular velocities are also
shown. Statistically significant differences between tasks (D) were tested for paired comparisons with the Wilcoxon Signed
Ranks Test, with Bonferroni adjustment (p<0.005).

Postures and movements Task*
T1 T2 T3 T4 15
M  (SD) D M  (SD) D M (SD) D M (SD) D M (SD)
T2 T3 T4 T5 T3 T4 T5 T4 T5 75
Right upper arm elevation
Posture Percentile (°) 50" 36v ® v v A 44v  (7) 4  (7) 53 (11) 61 (32)
90" 74 (12) NN 91V (15) \ 100 (15) 103  (8) W 115 (12)
Zone (% time)  >60° 18  (7.3) NN A 31V (10) d 30 (8.9) S 42 (13) 57  (23)
>90° 5.1 (3.7) NN N 12V (7.1) d 12 (4.6) S 20 (9.0) 38 (23)
Velocity Percentile (°/s) 50" 67 17) A S 56V (14) S 72 (15) N A 94 (14) 54  (13)
Left upper arm elevation
Posture Percentile (°) 50" 39 (3) NN N 46V (7) 47  (6) S 51 (6) 73 (16)
90" 73 (6) N N A 73v. (10) N A 104 (13) 103 (11) 107 (14)
Zone (% time)  >60° 23  (7.0) NN A 26V (8.5) \ 33 (7.6) S 39 (76) 69 (15)
>90° 22 (1.6) NN A 33 (44) N N A 15 (4.9) 17 (6.2) 33 (16)
Velocity Percentile(®/s) 50" 59V (12) v 45V (12) N A 67 (14) N A 88 (14) 45 (8.2)

*T1 = “Photoelectric relay replacement”; T2 = “Turning a consumer unit off and on”; T3 = “Lamp replacement”; T4 =
“Ladder raising and removal”; T5 = “100 amp fuse replacement’. \ = Statistically signifcant difference.
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Table 2. Postures and movements for head, upper back and neck for the 12 line workers performing 5 tasks. Mean (M)
and, within brackets, standard deviations (SD) are shown for the 10", 50" and 90™ percentiles of flexion/extension.
Statistically significant differences between tasks (D) were tested for paired comparisons with Wilcoxon Signed Ranks
Test, with Bonferroni adjustment (p<0.005).

Postures and movements Tasks*
T1 T2 T3 T4 15
M  (SD) D M  (SD) D M (SD) D M (SD) D M  (SD)
T2 T3 T4 T5 T3 T4 T5 T4 T5 15
Head flexion
Posture Percentile (°) 10" 13 (7) NN W 7 (1) NN A -35  (13) v 38 (14) W 67 (4
" 34 (8) N 22 (14) A N 37 (8 v A 9 9 57 (8)
90" 59 (7) NN 56 (9) NN 60 (6) N 33 (8 W 14 (13)
Velocity Percentile (°/s) 50" 24 (5.0 W S 19 @38 v A 25 (37) 37 (46) 26 (6.0)
Upper back flexion
Posture Percentile (°) 10" -9 (9) N 13 (7) S 19 (13) 19 (1) 27 (1)
"7 (8) v 3 7 \ 12 @8 v W 2 8 W 18 (12)
9™ 26 (9) Y 24 (1) N AN A 28 (8 NV A 12 @8 A 8 (13)
Velocity Percentile (°/s) 50" 21 @47 A NN 15 (36) v 22 (43) N A 30 (46) 14 (2.7)
Neck flexion >60°
Posture Percentile (°) 10" 10 (10) \ 11y NN A 21 (10) y 25 (8 A 49 (13)
50" 27 (7)) N N 20 (8) N 25 B8 VW 10 () A 38 (12)
90" 38 (10) N 36  (10) NN 36 (9 v 28 (5) W 3 (8)
Velocity Percentile (°/s) 50" 18 (5.0) N 16 (4.0) NN 18 (35 v W 36 (55) 26 (6.4)

*T1 = “Photoelectric relay replacement”; T2 = “Turning a consumer unit off and on”; T3 = “Lamp replacement”; T4 =
“Ladder raising and removal”; T5 = “100 amp fuse replacement”. < = Statistically significant difference.
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Figure Captions

Figure 1. Line workers performing the five tasks. A) Photoelectric relay
replacement; B) Turning a consumer unit off and on; C) Lamp replacement; D)
Ladder raising and removal; E) 100 amp fuse replacement. The photo for E) shows
the maneuvering of the lower part of the stick; the fuse is attached to the top of the

extended stick.

Figure 2. Right and left upper arm elevation for 12 line workers performing 5 tasks
(T1-T5; see Table 1 for explanation). The 50" and the 90" percentiles and the
fraction of time spent with arms elevated more than 90° are presented. For each

worker, the data are connected by lines.

Figure 3. Flexion/extension angles for head, upper back and neck for 12 line
workers performing 5 tasks (T1-T5; see Table 2 for explanation). The 10", 50" and
90™ percentiles are presented. For each worker, the data are connected by lines.

Positive values denote flexion, and negative values, extension.
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Abstract

Neck and shoulder pain is common among electricians. One reason may be
awkward working postures. The aim of this study is to record and objectively describe
working postures of construction electricians. Postures of the upper arms, head, and
neck during work and breaks were quantified by means of inclinometry for a
representative sample of 12 Brazilian and 12 Norwegian electricians in the construction
industry during a full work-shift. Brazilian and Norwegian workers revealed a very
similar level and pattern of postures for all evaluated body regions. Upper arm elevation
was high and similar for both groups and head flexion and extension was pronounced
compared to other occupations. Thus, extreme postures were identified for construction
electricians in both countries, with similar exposure pattern also for defined tasks
(planning, support and wiredraw), suggesting that this job is risky regardless cultural

differences.

Keywords: overhead work, inclinometry, work related musculoskeletal disorders
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1 Introduction

The construction industry is the sector with the highest level of lost work days
due to musculoskeletal disorders (Cheng et al., 2010; Schneider, 2001). The main
reasons are probably physically demanding tasks, vibrating tools, elevated arm postures
and kneeling, as well as psychosocial factors that may also constitute a risk (Engholm
and Holmstrom, 2005). Among these risk factors, working with the arms elevated,
especially with the hands or even elbows above shoulder level, is frequent in the
construction industry and has been associated to the development of neck and shoulder
disorders (Engholm and Holmstrom, 2005; Miranda et al., 2005; National Research
Concil, 2001; Punnet et al., 2000; Svendsen et al., 2004).

Of the many types of work in the construction industry, electricians have one of
the highest incidences of nonfatal occupational injuries (Waehrer et al., 2007).
Electricians are exposed to demanding tasks, such as wiredrawing and attaching
raceway to walls or ceilings (Albers et al., 2005). The prevalence rate of at least one
musculoskeletal symptom among North American electricians was found to be
approximately 82% (Hunting et al., 1994). In spite of this, little information is available
on risks faced by construction electricians in the ergonomics literature, particularly
assessing objectively the postural exposure of these workers in real occupational
settings. One consideration about exposure assessment is that construction work is
composed of multiple and varied tasks that can result in different levels of exposure
between workers or even between the same worker’s tasks from one day to the next.
Therefore, exposure assessment among these workers could be challenging to carry out
(Buchholz et al., 1996; Paquet et al., 2001). One possibility for correctly describing such

exposure is to use ambulatory technical measurement methods, e.g. inclinometry, which
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continuously records body postures and movements (Bernmark and Wiktorin, 2002;
Hansson et al., 2001a).

Although many risk factors for shoulder disorders have been identified,
quantitative exposure-response relationships are not well documented (Burdorf, 2010).
One requirement for exposure-response relationships is that both the exposure and
outcome measures should be valid. Self-reports of exposure may be considerably
biased, and observations, are less accurate than technical measurements, which, in
general, are highly accurate and precise (deLooze et al., 1994; Hansson et al., 2001b;
Spielholz, et al., 2001). With respect to outcome, self-reported complaints are mostly
found in surveys and epidemiological studies. However, these self-reports may also be
biased, e.g. due to lack of construct equivalence or cultural and ethnic differences
between countries (Edward and Fillingim, 2001; van de Vijver and Tanzer, 2004).

One way to elucidate the above-mentioned ambiguities would be to evaluate the
exposure and outcome differences between workers in the same occupation under
different conditions, e.g. in different countries (Jstensvik et al., 2008). Considering the
progressive increase in the number of musculoskeletal disorders in South America,
especially in Brazil (Coury, 1999), exploratory studies comparing Brazilian workers to
workers from other culturally diverse countries may provide insight into similarities and
differences in physical workload and their impact on the occurrence of musculoskeletal
disorders.

The main aim of this study was to quantify the postures of the upper arms, head,
and neck during work and breaks among Brazilian and Norwegian electricians in the
construction industry. The time distribution between tasks and breaks is considered and

the risk of shoulder disorders in electricians is discussed.



2 Methods
2.1 Subjects and Ethical Aspects

Twelve male right-handed Brazilian electricians (mean age 38 years, SD 13;
weight 76kg , SD 12; height 1.71m, SD 0.09) and 12 male Norwegian electricians (age
33 years, SD 14; weight 88kg, SD 15; height 1.83m, SD 0.07, two left-handed)
participated in the study. They worked on electrical installations at new construction
sites or on the electrical rehabilitation of residential, industrial and university buildings.
Among the Brazilian workers, three were self-employed, seven were employed by two
Brazilian universities, one by a construction firm (in a city of 200,000 inhabitants in
Brazil) and one by a building maintenance business. To cover the variety of working
conditions among the Norwegian electricians, subjects were recruited from two
companies, having been selected by their employers and local trade unions as
representative of electricians in the construction industry.

All electricians were informed of the procedures involved in the present study
and gave their written informed consent. For the Brazilian workers, the study was
approved by the Ethics Committee of the Federal University of Sdo Carlos, Brazil, and
for the Norwegian workers by the Regional Committee for Medical Research Ethics for

Southern Norway.

2.2 Tasks performed

The activities of each electrician were recorded during a full work-shift. The
investigators followed the subjects during the measurement day, and made detailed
notes about the start and end of the different activities as well as breaks. These data
were used to divide the activities into three exhaustive tasks: 1) Planning tasks such as

checking the construction blueprints, making and receiving mobile phone calls,



communicating and driving; 2) Supporting tasks such as moving furniture, moving

between tasks, cleaning and organizing equipment; 3) Wiredraw tasks such as

dragging/pulling cables, boring/drilling/screwing and installation of fittings. Break
times were also recorded. During their lunch breaks, three Brazilian electricians lay
down and slept for about 25 minutes. Since these periods were characterized by a head
inclination of almost 90°, they were excluded from the analyses.

The Brazilian data collection was performed between September and February,
when there is a mean temperature of 22° (range 12 - 35°); the Norwegian data was
collected during the month of September when the mean temperature was 15 °C (range
8 - 23°). The Brazilian electricians wore plain clothes and safety shoes. The Norwegian

electricians also wore a waistcoat with tool pockets and mostly a safety helmet.

2.3 Methods and procedures
Neck and/or shoulder pain during the 7 days prior to data collection was reported

using the Standardized Nordic Questionnaire (Kuorinka et al., 1987).

2.3.1 Inclinometry

Four inclinometers and a data logger (Logger Teknologi HB, Akarp, Sweden;
Hansson et al., 2003) were used to record the posture of the right and left upper arms,
the head, upper back and neck. Inclinometers measure the orientation relative to the
vertical plane; the sampling rate was 20 Hz. Neck flexion/extension angles were
calculated as the difference between the corresponding measures of the head and upper
back postures. For the upper arms, the inclinometers were attached to plastic plates that
were fixed below the deltoid muscle insertion. For head measurements, the inclinometer

was attached to the forehead with double sided-tape and further supported with an



elastic headband. The upper back inclinometer was fixed to the right of the
cervicothoracic spine at the C7-T1 level (Hansson et al., 2001a).

The reference position for the upper arms was obtained by having the subject
sitting with his arm hanging perpendicular to the floor while holding a 2 kg dumbbell in
his hand. The reference position for the head and upper back was obtained by having
the subject standing and looking at a mark at his eye level. Forward position for head
and upper back was defined by having the subject sitting with his neck and trunk flexed
(Hansson et al, 2006).

The same type of inclinometers and the same software were used in both
countries. Moreover, the procedures were exhaustively discussed and trained before the
data collection and analysis to avoid operational differences. Methods and procedures
were supervised by the same author (G-A.H.) in both countries.

General informations about the full-work shift of Norwegian electrician

exposure were included in a review by Hansson et al., 2010.

2.4 Data Analysis

The results were described by mean and standard deviation. For the upper arm
elevation angles, the 90™ and 99" percentiles and the percentage of time spent in zones
with the arm elevated above 60° and 90° were derived. Flexion/extension angles of the
head and neck were derived for the 1%, 10", 50", 90" and 99™ percentiles. Since
positive values denote flexion and negative values denote extension, the 1% and 10™
percentile are measures of extension (lower values correspond to more extended
positions), while the 90™ and 99" percentile are measures of flexion.

For each posture measure, the differences between Brazilian and Norwegian

electricians were examined using the Mann-Whitney test. P-values <0.05 were



considered statistically significant. The calculations were performed using SPSS version

11.5 (SPSS Inc., Chicago, IL, USA).

3 Results

The length of the full work shift in which recordings were made of Brazilian and
Norwegian electricians is presented in Table 1. The shift has been further divided into
work, different tasks (planning, support and wiredraw) and breaks. Statistically
significant time differences between the Brazilians and the Norwegians were identified
for all conditions except planning. The Brazilian electricians had longer work hours as
well as breaks; moreover they spent relatively more time performing wiredraw and less
time on support tasks than the Norwegian electricians.

INSERT TABLE 1 ABOUT HERE

The upper arm elevation and head and neck flexion/extension of Brazilian and
Norwegian electricians during work and breaks are presented in Figures 1 and 2. The
work was characterized by highly elevated arms (117° for the right upper arm of
Brazilians and 124° for Norwegians at the 99" percentile), a pronounced extension of
the head (-33° for Brazilians and -39° for Norwegians at the 1% percentile) and neck (-
34° for Brazilians and -40° for Norwegians at the 1% percentile), and a prominent
flexion of the head (78° for Brazilians and 75° for Norwegians) and neck (38° for
Brazilians and 42° for Norwegians). Brazilian and Norwegian electricians presented
higher levels of postural exposure during work than during the breaks for all evaluated
body regions.

The comparison between Brasilian and Norwegian electricians regarding upper
arm elevation during work and breaks for right and left upper arms is presented in

Figure 1. The comparisons between the two groups revealed a very similar exposure



pattern during work for the 90™ and 99™ percentiles and the time spent above 60° and
90°. During breaks, the Norwegians presented lower upper arm elevation for the 99™
percentile and less time spent above 60° and 90° for the left upper arm.

INSERT FIGURE 1 ABOUT HERE

Brazilian and Norwegian electricians also revealed a similar pattern for head and
neck posture (Figure 2). A statistically significant difference was noted only for the 90™
percentile during work for head flexion, in wich the Norwegian electricians presented
about 8° less of flexion than the Brazilian electricians. This lower level of head flexion
was not followed by upper back flexion, so the neck flexion presented by the
Norwegians was higher than that of the Brazilians. The Norwegian electricians
presented more pronounced head and neck extension than Brazilians during work, but it
was not statistically significant.

INSERT FIGURE 2 ABOUT HERE

Considering the work tasks separately for Brazilian and Norwegian electricians
(Table 2), wiredraw showed the highest exposure for upper arm elevation and head and
neck extension for both groups. The differences between tasks were more pronounced
for upper arm elevation percentiles and time spent above 60° and 90°. The time spent
above 90° revealed that, for both arms, the wiredraw task exceeded 10% of the work
time above 90°, while the planning and support tasks presented means of less than 3%
for both Brazilians and Norwegians. The higher upper arm elevation presented by the
wiredraw task was also accompanied by higher levels of head extension at the 1%
percentile (-33° for Brazilians and -42° for Norwegian). The task comparison between
Brazilians and Norwegians revealed the same postural exposure for most of the

variables. The only exceptions were during the wiredraw task, when the Norwegian



electricians adopted a less flexed and a more extended head position than the Brazilian
electricians.

INSERT TABLE 2 ABOUT HERE

Seven of the 12 Norwegian, and 2 of the 11 Brazilian electricians who answered
the questionnaire reported neck and/or shoulder pain during the 7 days prior to data

collection.

4 Discussion

Electricians in the construction industry are exposed to high levels of upper arm
elevation and head extension, mainly due to overhead work. This postural pattern was
very similar between Brazilian and Norwegian electricians, in general and for the
specific tasks, but the Norwegians elevated their arms less during breaks. Brazilian
electricians had longer working hours but also longer lunch breaks. The differences in
time distribution between tasks and between work and breaks may be due to differences
in work organization between the countries. However the posture exposure during work,
which was similar for both groups, probably could be considered as representative for
these construction electricians, since the construction projects (arrangement of fittings
and lighting as well as other tasks performed by the electricians) may be similar in
Brazil and Norway, which may have determined the compatible workers’ postures.

It is worth to note that the construction workers can have very distinct tasks,
such as, pipers, sheet metal trades, concreters or scaffolders, since the occupational
tasks performed are specific of each group and exposure workers to different risks
(Albers et al., 2005; Chang et al., 2009). However, the constructions electricians
represent a particular job, apparently with more restrict work procedures. When

addressing to this diversity, most of the studies in construction industry have evaluated



a large number of workers performing different tasks by means of questionnaires and
observational methods, whilst in the present study a particular job (construction
electrician) was evaluated by objective means. Hence, the present results can be
considered representative for construction electricians even as other categories of
construction workers may have quite different exposures.

The exposure of electricians to certain strenuous postures is higher than that
found in most other occupation sectors. Figure 3, adapted from Hansson et al. (2010),
shows a higher degree of head flexion and extension as well as upper arm elevation
among these electricians than in other occupations. Special aspects of the electricians’
job, such as overhead work, may explain these differences.

INSERT FIGURE 3 ABOUT HERE

The electricians’ work was divided into three main tasks by the Brazilian and
Norwegian authors using the same criteria in both countries. However, there might be a
possibility of bias in these divisions. Activities can be erratic sometimes, with abrupt
and quick changes between tasks by workers. Even considering this possibility, very
similar patterns in postural exposure were found between the workers. The differences
found between Brazilians and Norwegians during work may be related to specific
factors: workplace arrangement and work organization, e.g. Brazilians spent less time
on supporting tasks.

More notable differences between groups were observed for upper arm elevation
during breaks. These differences were influenced, presumably, by the length of the
Brazilian breaks, which were longer than of the Norwegians. The total Brazilian work
shift was also longer for the Brazilian workers. Overhead work has been linked to
shoulder disorders in different literature reviews (Bernard, 1997; van der Windt et al.,

2000). Recommendations based on observational methods have stated that working with



the elbows above shoulder height for more than 10% of total working time may
constitute a risk for shoulder disorders (Punnett et al., 2000). Moreover, Svendsen et al.
(2004) demonstrated that an absolute increase in the duration of arm elevation
exceeding 90° for 1% of the working time (based on technical measurements) increases
the prevalence of shoulder tendinitis by 1.4%. Thus, considering the time spent above
90°, the predicted prevalence rate for right shoulder tendinitis would be 14% for the
Brazilian and 11% for the Norwegian electricians. Another characteristic of the
electrician’s overhead work is the extension of the head and neck, also considered a risk
for neck pain (Ariéns et al., 2000). Thus, ergonomic interventions could be necessary to
prevent neck- and shoulder disorders among these workers.

Higher levels of neck and shoulder complaints were recorded here among
Norwegian electricians (58%) than among Brazilian electricians (18%). Nevertheless,
the small sample and the lack of physical examination did not allow us to confirm these
data. Other factors not controlled for in this study, such as individual factors,
psychosocial environment, work pace and physical leisure time activity, which have all
been recognized as risk-factors for neck and shoulder complaints (Winkel and
Westgaard, 1992), may also have contributed to symptom reporting. The long lunch
break, which is indicative of Brazilian culture (life style), has already been associated
with lower levels of neck and shoulder complaints in a study comparing French and
Norwegian forest machine operators (Jstensvik et al., 2008). Epidemiological studies of
neck and shoulder disorders among Brazilian and Norwegian electricians using a more
objective assessment of disorders, e.g. a physical examination and adjustment for
several other risk factors, are necessary for further conclusions.

The exposure of electricians to awkward postures during work needs special

attention from occupational health services. The consequences of exposure to risk
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factors is corroborated by Waehrer et al. (2007), that point out the electricians as one the
most non-fatal injured population on the construction industry. Other aspect to be
considered is that the cumulative exposure experienced by electricians work increases
the prevalence and the intensity of their symptoms (Hunting et al., 1994).

Finally, the efficiency of interventions in the construction industry with the aim
to reduce injury rates is poorly documented (Albers et al., 2005; Lehtola et al., 2008).
This may be explained by the high number of different contractors involved in
construction projects (Chang et al., 2009), the elevated number of self-employed and
temporary workers (Ale et al., 2008) and the ineffectiveness of the legislation to prevent
injuries (Lehtola et al., 2008). Recent innovations have been proposed to reduce
physical workload for this industry sector (Vedder and Carey, 2005), however different
barriers, such as culture, costs, lack of concern about musculoskeletal disorders and
reduced incentive to invest on innovations, have limited its application (Kramer et al.,
2010; Village and Ostry, 2010). By this way, the posture exposure presented in the
present study strengthens the requirement of more studies to reduce/control

musculoskeletal risk factors among electricians.

5 Conclusions

The Brazilian and Norwegian electricians in the construction industry revealed
similar exposure, showing that the job was a stronger determinant of postural exposure
than cultural differences, which can allow extrapolating the data for other electricians.
The length of time spent on work in general, tasks and breaks was very different among
the two populations, probably due to work regulations and cultural factors. Despite that,
in both groups, the electricians were exposed to awkward postures of the head, upper

back and neck, as well as highly elevated upper arms, mainly during the wiredraw task.

11



These results suggest that electricians’ postural exposure is a risk factor for
musculoskeletal disorders requiring ergonomic improvements in work conditions in

order to prevent musculoskeletal disorders among these workers.
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Figure

Figure Captions

Figure 1. Mean and standard deviation of the upper arm elevation of 12 Brazilian and 12
Norwegian construction electricians during work and breaks for the 90" and 99"
percentiles and percentage of time spent above 60° and 90°. Statistically significant
differences between Brazilan and Norwegian electricians were tested with Mann-Whitney.
White bar = Brazilian and grey bar = Norwegian electricians. * = Statistically significant

differences.

Figure 2. Mean and standard deviation of the head and neck flexion/extension of 12

Brazilian and 12 Norwegian construction electricians during work and breaks for the 1%,
10™, 50" 90" and 99" percentiles. Statistically significant differences between Brazilans
and Norwegians were tested with Mann-Whitney. White bar = Brazilians and grey bar =

Norwegians. * = Statistically significant differences.

Figure 3. Mean and standard deviation of head flexion (positive values, 99" percentile),
extension (negative values, 1% percentile) and right upper arm elevation (99" percentile) for
Brazilian (EI_Br) and Norwegian (El_No) constructions electricians compared to other jobs
performed by male workers (including breaks). CAD: computer aided design, Dent:
dentistry, Assem: heavy assembly line work, Fish: fish processing, Meat: meat cutting,
Office: varied office work. Adapted from Hansson et al., 2010. White dots: 99" percentile;
black dots: 1% percentile. Horizontal lines refer to break values for the 99" percentile
(dashed) and the 1% percentile (solid).



Table 1

Table 1. Mean, minimum and maximum durations of total recording for both work and breaks during a full work shift by 12 Brazilian
(Br) and 12 Norwegian (No) construction electricians. Additionally, the duration of work tasks are presented as percentages of the
work period. The differences in mean duration between Br and No were statistically significant (p<0.05; Mann-Whitney test) for all
conditions except planning.

Total Work Task Breaks
Duration hours:minutes hours:minutes Planning (%) Support (%) Wiredraw (%) hours:minutes
Br No Br No Br® No Br No Br No Br No
Mean 8:20 5:42 6:13 4:43 10 18 16 36 74 46 2:07 0:59
Minimum 6:28 4:14 5:18 3:29 0 3 5 24 47 2 1:00 0:29
Maximum 9:42 6:29 7:12 5:49 27 54 40 50 95 71 2:41 1:27

® Three Brazilian electricians did not perform planning tasks during their recorded work shift.



Table 2

Table 2. Postures of the upper arms, head and neck by 12 Brazilian ® and 12 Norwegian ° construction electricians performing three
tasks: planning; support and wiredraw tasks. The number of subjects (n) performing each task is presented. Mean and, within brackets,
standard deviations (SD) are shown for the 90" and 99™ percentiles of upper arm elevation, as well as percentage of time spent in

angular zones exceeding 60° and 90°. The 1%, 10", 50™, 90™ and 99" percentiles of head and neck flexion/extension are shown.
Statistically significant differences between Brazilan and Norwegian electricians were tested with Mann-Whitney (* p<0.05).

Tasks
Planning Support Wiredraw
Postures and Brazilian Norwegian Brazilian Norwegian Brazilian Norwegian
movements n=9 n=12 n=12 n=12 n=12 n=12
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Right arm
Elevation
Percentile (°) 90" 65 (11) 57 (16) 51 (8) 56 (10) 88 (28) 100 (13)
99" 102 17 96 (19) 93 (14) 103 (13) 118 (25) 130 (10)
Zone (% time)  >60° 14.8 (6.3) 12.7 (13.5) 6.4 (2.9 8.8 (5.6) 25.6 (15.4) 28.1 (7.1)
>90° 23 (2.2) 23 (2.2 19 (21) 23 (149 13.7  (9.4) 155 (5.8)
Leftarm
Elevation
Percentile (°) 90" 63 (13) 55 (12) 48 (11) 51 (6) 84 (30) 98 (14)
99" 106 (18) 96 (26) 90 (16) 95 (15) 117 (23) 126 (11)
Zone (% time)  >60° 145 (11.1) 9.2 (6.9 59 (4.0 57 (3.2) 23.1 (15.8) 26.5 (8.3)
>90° 24 (1.5 2.7 (2.5) 15 (1.4 14 (1.2) 125 (9.8) 13.6 (6.2)
Head
Flexion/extension
Percentile (°) 1 -26 (13) -30 (11) -25 (13) -27 8) -33 (18) -42 (5)
10" -9 9) -7 (7 -4 (8) -5 (5) -12 a7 -22 (6)
50" 12 9) 18 (11) 21 (12) 17 (6) 26 (13) 14 (13)
90" 41 (13) 47 (11) 53 (13) 50 (8) 60* (9) 50 (11)




99" 65 (16) 68 (6) 75 9 76 @) 78 (6) 74 9
Neck
Flexion/extension
Percentile (°) 1% -29 (1) -34 (20) -28 (12) -35 (20) -35 (11) -43 (8)
10" -15 (8) -14 9 -9 9 -14 @) -16 (11) -21 5)
50" 4 (8) 7 (8 10 (8) 7 (6) 10 @) 6 (6)
90" 21 (20) 28 @) 27 (8) 29 8 29 @) 31 @)
99" 34 (9) 40 @) 36 (9) 41 (8) 38 (8) 43 (8)

% Data missing for right upper arm postures of one subject due to technical problems.

b Data missing for head postures of one subject and for left upper arm postures of three subjects due to technical problems.
* Statistically significant differences between Brazilian and Norwegian electricians (p<0.05; Mann-Whitnney test).





