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Abstract. Work-related musculoskeletal disorders (WMSDs) are debilitating for workers and costly for employers. Existing 
exposure assessment tools were modified for rapid job physical exposure and company organizational exposure assessment. 
These were augmented with injured worker interviews to “put the meet on the bones” in characterizing risk. These risk as-
sessments are conducted in all industry sectors 
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1.  Introduction 

Work-related musculoskeletal disorders (WMSDs) 
are 27% of compensable workers compensation 
claims in Washington State, caused primarily by 
manual handling, repetitive motion and static loading.  
We hypothesize that companies which take measures 
to improve physical work conditions, work organiza-
tion and safety culture will have fewer WMSD cases 
compared to those which do not consider workplace 
ergonomic conditions. An ergonomics surveillance 
project in Washington State is studying paired com-
panies of different sizes with the highest and lowest 
back, shoulder, wrist and knee WMSD workers com-
pensation  claims incidence rates in each of the sev-
en` industry sectors with the highest overall workers 
compensation claims rates and numbers of WMSDs.  

In order to assess physical work conditions, a set 
of easy to use assessment tools is needed. Selection 
criteria for these tools included: (1) address at least 
one of the WMSD risk factors, (2) relatively easy to 
use, (3) no need for complicated and expensive in-
struments, (4) able to be used among relatively large 
populations with minimal interruptions to the work-
ers, and (5) able to categorize job risks. We present 

the development of the exposure categorization tools 
used in this project. WMSD injured worker inter-
views, work organization and safety cultures are also 
documented in this project. 

2.    Method 

Occupational injury/illness surveillance methods 
require a comprehensive list of physical WMSD risk 
factors be created. These include high hand force, 
repetitive impacts, highly repetitive motion, hand-
arm vibration, awkward postures, lifting, push-
ing/pulling/carrying, whole body vibration, as well as 
thermal comfort and lighting conditions. In order to 
assess these risk factors, different job evaluation 
tools were identified. We chose a combination of 
instruments to test differences between them for use 
in a final surveillance tool for practitioner use. These 
included Washington State Checklist, Strain Index, 
ACGIH TLV for lifting, NIOSH Lifting Equation.  A 
two-step process is used in the job evaluation. Step 1 
is a screening process which determines the existence 
of any potential risk factors in a job. If yes, Step 2 
follows to take a closer look at these risk factors.  
Step 2 job evaluation tools are selected among well 

Work 41 (2012) 3945-3947 
DOI: 10.3233/WOR-2012-0691-3945 
IOS Press 

3945

1051-9815/12/$27.50 © 2012 – IOS Press and the authors. All rights reserved



published and cited tools. The above mentioned 5 
criteria are used in selecting these tools.  

Another component of the WMSD surveillance 
project includes interviews with injured workers off 
work with back, shoulder, wrist and knee WMSDs. 
These interviews focus on perceived environmental, 
organizational, equipment, and task factors that may 
have contributed to the injury. Additionally, we col-
lect organizational culture data from both manage-
ment and worker representatives via interview, as 
well as injured worker interviews to better under-
stand injury circumstances and potential solutions.   

3. Results 

The following evaluation tools were selected for 
the different risk factors. For the risk of high hand 
forces, the Washington State (WS) Hazard Zone 
Checklist (1), the Strain Index method (2), and the 
Quick Exposure Check (QEC) method (3, 4) were 
selected. The reason for using multiple methods for 
the same risk factor is that different methods have 
different levels of specificity, reliability and validity, 
as well as practicality. The use of multiple methods 
in this project will provide further information about 
the characteristics of these job evaluation methods 
which can then be used to guide practitioner selection 
and use of these methods. 

For highly repetitive motion the WS Hazard Zone 
checklist (1) as well as the Strain Index (2) and QEC 
(3, 4) are used.  Awkward postures are evaluated by 
the WS Hazard Zone checklist (1), together with the 
QEC (3, 4). Since prolonged sitting and standing are 
related to postures and there are no well accepted 
guidelines on these, duration limits of 8 hours for 
prolonged sitting and 6 hours for prolonged standing 
were used to categorize job risk levels. For manual 
material handling risk factors such as lifting, pushing, 
pulling, and carrying, the ACGIH Lifting TLV 
(threshold limit value) (5) and Liberty Mutual’s 
Manual Material Handling guidelines (6) are used. 
Since the QEC and the WS Hazard Zone checklist 
also cover manual material handling risk factors, they 
are used to evaluate the manual material handling 
risk factors incorporated in this tool as well. 

Whole body and hand-arm vibrations are evalu-
ated according to the corresponding ISO standards (7, 
8). Given the nature of this project, detailed instru-
mentation of vibration measurement is impractical, 
so an alternative method is used. An estimate the 
level of vibration was obtained by asking workers to 
rate their perceived vibration level on a modified 
Borg scale (9) when using vibration tools or driving 
vehicles. The published range of the type of 
tools/vehicles to estimate the vibration levels was 
used. Alternatively, the published declared vibration 
value of the tool was used. The actual duration of 
tool use or vehicle driving is obtained from workers’ 
self-reports. Using the estimated vibration levels and 
reported exposure time, the 8-hour equivalent vibra-
tion levels are calculated according to the corre-
sponding ISO standards (7, 8). Environmental factors 
( thermal comfort, lighting) follow suggested guide-
lines (10). Data collection is performed using elec-
tronic tablets at the worksite..  

Work culture factors were derived from manage-
ment and worker interviews including turnover, safe-
ty responsibility, process improvements, light duty 
job availability, cooperation and conflict, feedback, 
taking shortcuts, reporting near misses. Common 
themes included good communication is an essential 
element of a good safety program, conflict arises 
when issues have been reported but not addressed, 
and conflict has been higher because of the sluggish 
economy.  

4. Discussion 

Most of the tools provide evaluation results at the 
job level, except the QEC which provides task level 
evaluations for most risk factors. Many methods have 
application restrictions. An application procedure 
needs to be developed so that these evaluation meth-
ods can be modified to be used in these complicated 
situations. Organizational culture provides the con-
text for improvement possibilities in musculoskeletal 
risk.  Organizational culture provides the context for 
improvement possibilities in musculoskeletal risk.
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