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Appendix

6

Lagging indicators

Torso bending 
 - Forward
 - Side-to-side
Torso twisting
Hand position (relative to lower back)
Unsafe manual handling acts
 - Catching falling goods
 - Jerking weights
 - Voluntarily heavy loads (possible to lighten 
load)
 - Voluntary big load size (sight obstruction)
 - Not looking ahead
 - Neglecting manual handling tool use
 - Voluntary high manual handling task 
duration or 
   frequency

Leading indicators

Task design
 - Duration
 - Frequency
 - Load position (height)
 - Forced awkward body postures
 - Abscene of manual handling tools
 - Work patterns
Environment characteristics
 - Surface characteristics
  - Insufficient grip
  - Not homogenous (no holes)
  - Levelled
  - Unstable
  - Firmness
 - Space constriction
 - Climate
  - Humidity
  - High temperature
  - Poor air quality
 - Visability
  - Lighting
  - Sight obstruction
Ineffective manual handling training
  - Low frequency
  - Not personlised 
  - Bad transfer climate
  - No long term implementation
Load characteristics
 - Forced heavy loads (not possible to lighten 
load)
 - Forced load asymmetry 
 - Load size (sight obstruction)
 - Balance
 - Coupling (Grip)
 - Sharp sections
 - Hot sections

Safety culture
 - High work demands
 - Low job control or support (Supervision)
 - Lack of reward
 - Condition of work place and tools

Individual
 - Age
 - Experience
 - Physical characteristics 
 - Attitude
 - Knowledge 
 - Lifestyle 
 - Previous episodes of back-injuries
 - Risk assessment capability
 - Health and fatigue

Appendix A: Manual handling factors to measure
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Appendix B: Aesthetics exploration process

Flat sole (perhaps a slight increased heel)
Small sole profile
Sloping heel

Integrate sole and upper design
Explore colour minimalism
Hard plastic heel and toe for protection
Make use of rhythm and rhyme
Try to combine eyelids and upper design
BOA laces
Sloped upper heel
Low profile (low-tops)
Everything in the upper “needs“ to have a function

Current style is the “everyday sneaker“
Modern and fresh style
Medium price
Logo on the side (red/white or red/black)
Logo on sole
Logo on side of upper
Logo on heel
 

Sole characteristics

Upper characteristics

Redbrick style

General style characteristics
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Appendix C: Criteria weights

General Criteria
Desirability
Feasibility
Viability

Detailed Criteria
Impact on safety
Weight
Impact on costs
Sustainability
Generalizability
Future proof
Scalability
Price
Reliability
Multi-value
Shoe-spotlight
Influence of culture
Privacy

1.0
0.400
0.300
0.300

1.0
0.250
0.100
0.075
0.075
0.075
0.075
0.050
0.050
0.050
0.050
0.050
0.050
0.050

100 %
40 %
30%
30%

100 %
25 %
10 %
7.5 %
7.5 %
7.5 %
7.5 %
5.0 %
5.0 %
5.0 %
5.0 %
5.0 %
5.0 %
5.0 %
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Appendix D: Annual costs associated with manual handling related incidents

Absenteeism in 
construction

Avarage 
absenteeism

5.25%

Avarage 
absenteeism due 
to physical issues

3.675%

Avarage 
absenteeism due 

to backpain

3%

4.9% 5.6%

Absenteeism in 
construction

(CBS, 2020) (CBS, 2020)

70% of absenteeism in 
these sectors is for 
physical issues.
(Karelse, 2020)

3% of total work capacity 
is lost over backpain
(Appels, 2020)

The different costs associated with manual handling related 
incidents are the costs of an absent employee, costs for the 
replacement of workforce and treatment costs. 

Costs of an absent employee is 1.4 times their salary. This is 
higher than their salary because it also includes costs besides 
their salary (for example managerial attention, pension and 
holiday benefits and insurances). Replacement for an 
employee will cost about 1.7 times the salary of the absent 
employee. However, replacement is not always necessary. 
The last aspect of costs is treatment, which is all costs 
involved in restoring the employee’s health (for example 
surgery, physiotherapy, doctor vists and medication). 
Depending on the situation an employer will have to (partly) 
pay for these costs.

The costs presented on the left are the the costs per 
employee on an annual basis. Furthermore it assumes a 100% 
continued salary payment (which is required the first two 
years of employment (Karelse, 2020)). 

(3% * 1.4 * 32250) (3% * 1.7 * 32250)

Acute backpain 
will usually require 
9 sessions
(Hoogendijk, 
2020)

This will also include 
about 9 months of 

absenteeism 
payments

Estimated income 
constructionworker

Avarage estimated 
income

32250,-

31100,- 33400,-

Estimated income 
warehouseworker

(Elsevier, 2017)(Elsevier, 2017)

Sum of the 
two, devided 
by two.

Taking the performance rates of 
the Arc product we should be able 
to at least decrease these costs by 
35% (Chan, 2020)

Sum of the 
two, devided 
by two.

Costs of absent 
employee

1355,- 1645,-

Costs of absenteeism for 
replacement

Usual costs of 
treatment

405,- 5000,-

Rare costs of 
treatment

45,-

Costs of 
physiotherapy

405,-

Costs of 
treatment

(Hoogendijk, 2020)

5000,-

Costs of bigger 
treatments like 

hernia

(Appels, 2020)

Manual handling related incident costs (per employee)

This column represents the percentage of lost worktime due to 
manual handling related incidents (narrowed down to backpain). 

Absenteeism due to manual handling related incidents

This column represents what the estimated avarage salary is for 
employees within the targeted sectors (construction and 
warehousing).

Estimated salary in targeted sectors

This column presents the different costs that could be included 
in manual handling related incidents.

Potential treatment costs

Per employee, per year

(Appels, 2020)

12.5% percent of 
total worktime lost 
for 3.2 % of the 
workers
(stewart, 2003)

5 hours

Hours of 
productivity lost 

per week

774,-

Salary loss

(Stewart, 2003)

This column presents the different costs associated with 
employee productivity loss.

Productivity loss

Costs of employee 
productivity loss

774,-

Decreased employee 
well-being

N/A

Lower employee 
retention rate

N/A

Company reputation 
loss

N/A

Costs of absent 
employee

1355,-

Costs of employee 
productivity loss

774,-

Total minimum avarage 
costs per employee per year

2129,-

2129,-

Total maximum avarage 
costs per employee per year

8774,-

Minimum expected 
avarage cost reduction 
per employee per year

Maximum expected 
avarage cost reduction 
per employee per year Potential savings

Expected cost 
reduction

(35%)

745,- 3071,-

Costs of absent 
employee 1355,-

Costs of employee 
productivity loss 774,-

Costs of replacement for 
absent employee 1645,-

Usual costs of 
treatment 405,-

Rare treatment 
costs 5000,-

Potential costs

8774,-

Potential costs

Potential savings
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Appendix E: Desirability survey
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Appendix F: Original project brief
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Appendix F: Follow up project brief (IPD)
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