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MMUSCULOSKELETAL DISORDERS (MSDs) such as sprains and 
strains, muscle fatigue, ligament strains, disc injuries of the 
low back and tendon inflammation continue to be a significant 
problem in industry. These injuries have an adverse impact 
on business through lost work time, increased absenteeism, 
increased workers’ compensation costs, reduced employee 
morale, reduced and poorer quality productivity (CDC, 2020; 
NIOSH, 2014; NRC & IOM, 2001).

Guidance on how to solve musculoskeletal problems in 
the workplace typically includes developing and implement-
ing programs that comprise issues such as top management 
support, employee involvement, problem identification, risk 
quantification and a process to implement controls (Bur-
gess-Limerick, 2018; Chengalur et al., 2004; Lyon et al., 2013; 
OSHA, 2012). While these elements are crucial to the ergo-
nomics process, little guidance exists for safety practitioners 
in the problem-solving process and identifying specific solu-
tions (e.g., a product, a new method) to fit within unique busi-
ness process elements.

With respect to developing countermeasures, the uni-
versally held aim is to follow the hierarchy of controls 

by first engineering the 
hazards out of the process 
followed by administra-
tive controls, then by work 
practice techniques or PPE 
(Brauer, 2016; Hagan et al., 
2015; Haight, 2012). These 
controls are usually talked 
about in broader terms or 
referred to when discussing 
a specific case study of how 
someone solved a problem. 
When it comes to develop-
ing solutions or counter-
measures to solve for those 
risk factors, the literature 
has few methods a practi-

tioner can use or follow to arrive at the best possible solu-
tion that could be tested.

While brainstorming can be effective and is a common ap-
proach for generating ergonomic solutions, it can be challeng-
ing for OSH professionals and ergonomic team members to 
generate a wide variety of quality ergonomic solutions during 
a brainstorm session. Structured methods for solving problems 
and creating innovative ideas have been proposed, such as the 
theory of inventive problem solving (TRIZ; Ilevbare, 2013) and 
SCAMPER (substitute, combine, adapt, modify, put-to-anoth-
er-use, eliminate and reverse; Howard et al., 2009). Both meth-
ods aim to provide novel inspiration to increase the number 
of potential effective ergonomic solutions when compared to 
traditional brainstorming methods (Duran-Nova et al., 2019; 
Kalemba et al., 2017). Alongside traditional brainstorming, 
TRIZ is more intricate, technical and time consuming, and can 
be difficult to teach to nonengineers (Howard et al., 2009; Ile-
vbare et al., 2013; Kalemba et al., 2017; Lin et al., 2017). A down-
side of SCAMPER is its breadth, as TRIZ focuses the search to 
areas likely to be productive (Butlewski, 2013).

The EIG Solution
A simplified method to help OSH practitioners quickly devel-

op unique solutions to unique problems is proposed in Figure 1 
(p. 37). The authors propose a structured methodology for 
generating ergonomic solutions and a tool called the ergonomic 
idea generation (EIG) tool to guide the process that is easy to 
use and is designed to address specific ergonomic issues.

When discussing industrial hygiene controls, there are three 
pathways to controlling a hazard: 1. control the contaminant 
or hazard at the source (e.g., containment, local ventilation); 2. 
control the hazard along the pathway between the source and 
the person (e.g., dilution ventilation); and 3. control the hazard 
at the person (e.g., earplugs, respirators; Anna, 2011). Apply-
ing the same thought to control for ergonomic hazards, the 
authors propose that there are seven different pathways to con-
trol a musculoskeletal risk: process, object, workspace, tools, 
human, movement and exposure time factors (i.e., frequency 

KEY TAKEAWAYS
•After identifying an ergonomic 
risk, it can be challenging for 
OSH professionals to generate 
solutions because little guid-
ance is available on how to 
arrive at ideas for specific ergo-
nomic solutions.
•This article presents a method-
ology and tool that can be used 
to generate innovative solutions 
for ergonomic risks. A struc-
tured brainstorming session 
can improve the quantity and 
quality of potential ergonomic 
solutions.
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and duration). A change in any one or more of these areas can 
lower musculoskeletal risk factors that lead to injury. A guided 
brainstorming method using the EIG tool can help OSH prac-
titioners step through a process of brainstorming ways that 
changes in each of these seven areas could affect the muscu-
loskeletal risk, and the OSH practitioner can quickly generate 
ideas that could have significant impacts. Use of the EIG tool 
can be broken down into three key steps: prework, brainstorm-
ing and validation.

Step 1: Prework
Prework involves ensuring that the conditions are set up so 

that the right problem is being solved with the involvement of 
key stakeholders.

The “Right” Problem
Prior to generating solutions, make sure an ergonomic team 

has selected the “right” problem. The quantitative tools to 
evaluate risk can be used to assess multiple tasks throughout 
an organization. The use of quantitative risk assessment can 
help ensure that an organization spends limited resources on 
the tasks with the highest risks as opposed to tasks with vocal 
workers or managers desiring changes (Rostykus et al., 2016).

The “Right” People
A team approach when addressing complex issues is im-

portant because the OSH professional cannot be sufficiently 
knowledgeable about all the processes in an organization 
to understand potential barriers to ergonomic solutions 
(Burgess-Limerick, 2018). Effective ergonomic teams often 
include line workers, supervisors, maintenance staff and 
engineers. Having a maintenance staff member on the team 
can be particularly helpful so they understand the reason 
behind any work orders submitted, which increases the 
chance the work will fix the issue.

It is important to have the right stakeholders as part of the 
team. The authors met with a motor coach manufacturer that 
modified its chassis design so that wiring harnesses could be in-
stalled in a few minutes instead of taking more than an hour. The 
organization saved hundreds of dollars per coach by having the 
worker perform other value-added production work while the 
change also avoided significant force and awkward postures for 
the worker. Unfortunately, the service staff were not represented 
when the solution was created and implemented. When a wire 
harness developed a fault during use, the new solution made it 
much more difficult for the service staff to access the correct wire 
in the harness. By making a minor modification in the design of 
the chassis, the organization could have realized the time savings 
and risk-reduction benefit in production while also avoiding 
creating a significant downstream servicing issue. This solution 
could have been implemented with the original change had 
someone from the service staff been involved in the team.

Step 2: Brainstorming
Set Ground Rules
After training the team members on ergonomic risk factors 

and clearly defining which task the organization is working to 
address, brainstorming can be an effective process for generat-
ing ideas for solutions. Effective brainstorming groups strive for 
several qualities:

•Avoid judging ideas during the idea generation phase.
•Aim for quantity of ideas.

•To encourage staff to generate many ideas, number the ideas. 
•Building on or combining ideas is encouraged.
•Use a facilitator to capture ideas visually for group brain-

storming. As energy on one train of thought decreases, the 
facilitator can move to another.

•Assemble a diverse group and encourage participation of all 
members (Burgess-Limerick, 2018; Lin & Wu, 2016; Ritter & 
Mostert, 2018).

Prior to brainstorming as a group, it can be beneficial to en-
courage individuals to brainstorm on their own. Allowing for 
individual brainstorming prior to group brainstorming allows 
individuals to explore a “train of thought” without being dis-
tracted by group discussion, also called cognitive interference 
(Ritter & Mostert, 2018). It may also encourage individuals to 
take additional ownership in solving the problem. Allowing 
individuals time to brainstorm a problem alone before conduct-
ing group brainstorming resulted in more useful ideas than 
either just individual brainstorming or only group brainstorm-
ing (Ritter & Mostert, 2018).

In both individual brainstorming and group brainstorm-
ing, the proposed methodology can help participants create 
new solutions by forcing the consideration of various valid 
approaches for solving ergonomic issues. In the authors’ experi-
ence, groups using the traditional, unstructured brainstorming 
approach often spend too much time focusing on the human 
(e.g., considering training options and technique) and the tools 
(e.g., PPE). The use of a traditional, unstructured brainstorming 
session frequently does not spend enough time considering 
how the overall process can be changed or how the workstation 
could be modified.

Guided Brainstorming Method
The authors encourage OSH practitioners and ergonomic 

team members to use the EIG tool presented in Figure 1. The 
tool is structured around the seven control pathways noted: 
Process, object, workspace, tools, human, movement and ex-
posure time factors (i.e., frequency and duration). The tool 
provides focus areas that can be considered for modification 
for each control pathway and describes how the modification 
might be made. For example, an ergonomics team can consider 
changing the process to reduce the risk. The team can evaluate 
whether changing the order of steps would impact the risk and 
whether changing the upstream process could positively impact 
the job being assessed.

Consider the following example in which changing the order 
of steps was beneficial. In the manufacture of refrigerators, 
instead of assembling part of the ice maker inside of the unit (a 
location that required an awkward worker posture), one author 
and the ergonomics team had the workers first build the ice 
maker on a workbench, then install the completed unit.

As an example of changing the upstream process, the authors 
worked with an ergonomics team to successfully address an 
issue around assembling wooden chairs. At the time of the as-
sessment, the firm had employees using rubber mallets to strike 
the chair frame to get the chair to fit together securely without 
gaps. In evaluating the process, it was discovered that the tool 
being used to drill the holes in the chair rail was slightly out of 
tolerance. When the size of the drilled hole was increased to the 
proper dimension, the chair went together without the use of a 
mallet, which saved time and eliminated a forceful exertion.

Team members need not discuss every aspect in each sec-
tion of the EIG tool, but considering each of the seven cat-
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FIGURE 1
ERGONOMIC IDEA GENERATION TOOL

A change in any one or more of the seven areas outlined below can lower musculoskeletal risk factors that lead to injury. After identifying a job’s risk 
factors for musculoskeletal disorders, use the tool as a brainstorming guide to rethinking the task.

Note. Adapted from “Brainstorming Solutions for Ergonomic Issues,” by SAIF, 2020. Used with permission. The original can be downloaded at https://bit.ly/3cizg93.
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egory areas will likely yield better solutions. Asking “what” 
and “how” questions can be helpful. For example, instead of 
asking “can we change the order of steps?” which could be 
answered with a “yes” or a “no,” the authors encourage the 
ergonomics team to ask, “what might it look like if we were to 
change the order of steps?” and “how could building a subas-
sembly and attaching it to a final assembly reduce the risk?” 
Encourage participants to build on ideas.

The first time the tool is used with an ergonomics team, ensure 
that participants can visualize a concrete example for each individu-
al item listed in the seven categories. As a group, this can be accom-
plished by starting at the top (i.e., process: change the order of steps) 
and asking the group to share an example, then continuing until the 
last item (i.e., time, duration and frequency: Shorten the duration of 
the task) has been discussed. With more experienced teams and a 
business culture in which asking questions is encouraged, it may be 
quicker to ask participants to review the form and identify items on 
the list for which they cannot think of a practical example.

Step 3: Validation
As with traditional brainstorming, the authors recommend 

that participants avoid evaluating ideas during the structured 
brainstorming until the process is complete. Judging ideas 
prematurely can reduce creativity and discourage participants 
from generating more ideas (Lin & Wu, 2016).

Hierarchy of Controls
Not all types of solutions have the potential to yield the 

most effective result. Whenever possible, engineering solutions 
should be selected that eliminate the risk (Lyon et al., 2013). 
While many of the questions in Figure 1 (p. 37) will point to 
engineering controls or controls that will eliminate the hazard, 
the tool includes questions that may yield administrative and 
PPE controls, which are less effective. In some cases, it may not 
be feasible to design out the problem, and administrative or 
PPE interventions can yield some risk reduction to staff. In oth-
er cases, administrative controls and PPE may serve as interim 
solutions in the event that significant time is required to im-
plement a more effective control, possibly because the desired 
engineering solution will take time to design, manufacture and 
install. In evaluating the generated ideas, staff will often need to 
conduct cost-benefit analyses and return-on-investment calcu-
lations to select the most feasible and effective option as well as 
to convince decision-makers (Lyon et al., 2013).

Occasionally, ergonomic teams will create an innovative 
solution that fails to address the primary risk factors with the 
original task. When possible, reassess the task while consider-
ing the proposed changes using quantitative risk assessment 
tools prior to the implementation of the solution. This is espe-
cially important when the cost of implementing the solution is 
high in time, money or both. It is also beneficial to reevaluate 
the job after the solution is implemented to verify that the ex-
posure to the MSD risk was reduced to an acceptable level (Ros-
tykus et al., 2016).

Mock-Up Ideas
While the aforementioned methods can generate excellent 

ideas, the authors have observed that complex solutions oc-
casionally fail to be implemented as initially designed. When 
feasible, creating a mock-up of the solution can save time and 
money, and yield a more refined idea. Cardboard, PVC pipe 
and duct tape can be used to create mock-ups of modified 
workstations. In a semiconductor plant, the width of a new 
tool designed to allow staff to work on a wafer was changed 
from the original design after creating a cardboard version 
and noting the difficulty in moving the height-adjustable cart 
into the space to position the part. In creating a new method 
for cutting bagels, a cardboard mock-up helped staff recognize 
that the tool as initially designed lacked effective handholds. 
In both cases, the cardboard mock-up saved money and re-
sulted in a better final solution.

Application
The authors believe it is not always necessary to spend the time 

and resources conducting group brainstorming sessions when 
solving ergonomic issues. A safety professional may effectively 
implement a solution without group brainstorming when the 
solution is easily identifiable, low cost and readily available “off 
the shelf.” For example, using a scissor lift cart or height-ad-
justable pallet turntable to reduce repetitive bending in a pallet 
loading task is a well-used industry solution that is low cost. In 
addition, group brainstorming is less beneficial when there are 
specific ergonomic design specifications and guidelines. One 
author once had a conveyor on a manufacturing line lowered by 
8 in. to better comply with good ergonomic guidelines.

The use of the group brainstorming process is most helpful 
with complex issues, especially when a solution may impact 
downstream processes or require significant capital investment 

Using a structured guided 
brainstorming approach to 

ergonomic solution generation 
can yield more ideas and a wider 
range of options regarding where 
and how to implement controls, 

allowing organizations to solve 
ergonomic issues more effectively. 
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to implement. The authors believe utilizing a group brainstorm 
process that involves key stakeholder representatives can im-
prove employee buy-in and decrease the chance that a solution 
will create unforeseen new problems.

Case Study
To demonstrate how the tool works, consider the following 

example of an assessment of a wooden panel assembly pro-
cess. The process required employees to lift a 20-lb, 24 x 24 in. 
wooden panel onto a worktable, then insert a thin wooden 
strip on the four edges of the panel. The employees would 
grab a length of the wooden strip, apply some glue along the 
seam of the panel, then gently tap the wooden strip into a 
groove in the side of the panel. The work surface was high 
enough that all employees were working with their arms lift-
ed above their shoulders for more than 60% of the cycle time 
through an 8-hour shift.

The authors began working through the EIG tool and 
asking questions about the different factors that could po-
tentially be changed. Working through the seven categories 
on the EIG tool and asking questions about how or what 
things would look like if any of the parameters in the seven 
categories were changed, three of the seven categories yield-
ed viable solution ideas.

•Process: Changing the order of steps or changing the up-
stream process were not feasible. It was determined that it 
would not be possible to add the wooden strips to the panel 
earlier in the process or at a different part of the sequence. Job 
rotation was discussed as a possible solution.

•Workspace: When considering the workstation height, ex-
ploring options to raise or lower the workspace led to a simple 
idea of modifying the workstation by adding small, padded 
J-hooks attached to the table legs about 2-ft lower than the 
workstation height at 24 in. from the ground. This concept 
would allow employees to place the edge of the panel on the 
two hooks at the lower height, which would lower the panel 
and allow the work to be done with the shoulders at an optimal 
height. Building on the idea further, it was determined that the 
J-hooks could have some level of inexpensive adjustability by 
drilling holes at regular 0.5-in. intervals going up the table legs 
that would allow users to modify the optimal height for their 
shift at their workstation.

•Tools: When evaluating the tooling aspect, rather than use 
a small hammer to tap the strips in, a pneumatic palm hammer 
was suggested that would provide better arm position and re-
duce the arm repetition of using a hammer.

Conclusion
Using a structured guided brainstorming approach to er-

gonomic solution generation can yield more ideas and a wider 
range of options regarding where and how to implement con-
trols, allowing organizations to solve ergonomic issues more 
effectively. This can yield cost-effective changes that enhance 
operator performance, decrease risk of injuries, promote a 
healthy workforce and increase employee morale.  PSJ
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