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ABSTRACT

This intermodal cargo container inspection tool and
leverage safety bar aids in opening and closing side-
by-side container and truck trailer doors found
within the trucking, shipping, railroad, harbor
industries, and more. It is made keeping in view all
important Ergonomic Procedures. This is round 2 of
our study. Please refer to initial eval for more data.
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OPNBAR ERGONOMIC ANALYSIS & DISCLAIMER

This document contains an ergonomic study on OPNBar and is constantly being updated as our study
is ongoing. The information contained here is for general information purposes only. We are not
medical professionals and do not claim to be. The information provided is based on our own
understanding and research and is not intended to treat or diagnose any medical condition or to
provide medical advice.

There is no guarantee of the safety or results that you will obtain because you are doing so outside
the observation and supervision of a skilled medical professional.

While we try to keep the information up to date and correct, we make no representations or
warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability,
or availability with respect to this information, products, services, or related graphics contained on
the website for any purpose. Any reliance you place on such information is therefore strictly at your
own risk.

If you have a medical condition that you are concerned about you should seek advice from a
qualified medical practitioner. Any information or opinions provided here may or may not have a
beneficial or detrimental impact on your health and quality of life, dependent on how you use that
information and your own personal circumstances. The subject matter in question is a broad area
that does not apply equally to every person. It is therefore important that you verify such
information and its relevance to you before relying upon it to make changes to your procedures.

Please also visit our disclaimer section on our website for more information:
https://www.shippingcontainertool.com/disclaimer

Links to image sources can be found at https://www.shippingcontainertool.com/ergonomic-
information
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The Hand anthropometries are measured to further analyze the tool under study.

Anthropometric Analysis and Hand Risk Assesment

BEFORE ANALYSIS OF HAND DISCOMFORT

Table shows the discomfort, severity, and interference of operators with respect to the different
areas of hand while opening and closing shipping containers; in terms of percentage of operators
(n=314). 33% of the persons felt discomfort in area A of the hand. While very few, 16% of the

workers felt discomfort in area B.

Table 1
Hand | o 12 | 3.4 | Onee Severall gy Moderately | Very Not| Gjightly | Substantially
ever| ... . a Times at
Parts Times| Times Uncomfortable| Uncomfortable| Uncomfortable Interfered Interfered
day | aday all
fea 67 |4 11 |6 |11 3 18 10 11] 19 10
grea 84 |5 7 |2 |3 6 3 3 12| 7 3
érea 70 |6 0 |7 |7 10 14 7 9 |19 7
grea 79 |6 |4 |2 |8 4 8 8 9 |10 7
grea 72 |4 |8 5 |10 1 16 7 7 14 8
ﬁ‘rea 80 |5 5 3 |5 3 8 7 119 5
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RESULTS

Table 2 and 3 shows the sectional score and total discomfort score with the percentage of different
body parts and hand parts of operators (n=314). The discomfort score is calculated by the below
given criteria. Moreover, calculated by the following equation.

Table 2
Body Parts Discomfort | Cumulative | %
Score Score Discomfort
Neck 2926 2926 7.36
Shoulder | Right | 2782 5708 7.00
Left | 3027 8735 7.62
Upper Right | 1450 12647 3.65
Arm
Left | 1368 14015 3.44
Table 3
Hand Area | Discomfort Score | Cumulative Score % Discomfort
Area A 1924 1924 23.38
Area B 712 2636 8.65
Area C 1674 4310 20.34
Area D 1273 5583 15.47
Area E 1583 7166 19.23
Area F 1065 8231 12.94
Table 4
Pain Level Discomfort Pain interference
Level Score | Level Score Level Score
Never 0 Slightly Uncomfortable 3 Not at all 0
Once a day 2 Moderately Uncomfortable | 5 Slightly 5
1-2 times 5 Very Uncomfortable 10 Substantially | 10
3-4 times 8
Several times 10
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Finally, the discomfort score is presented in terms of percentage for body parts and hand areas.

Table 5 and 6 show the ranking of body parts and hand areas according to the discomfort
percentage from highest to lowest.

Table 6 presents the percentage of discomfort of study participants. The sample comprised of 314
operators. The age of operators ranged from 18-64 years old. The majority of such operators were
below than 30 years (162 workers) and the rest above 40. 72% of the workers age between 25-40
years felt discomfort in their meta carpal bones and 60% of the workers less than age 30 felt
discomfort in the wrist and the distal, middle phalange. The BMI operators vary from 12.9 to 40.8
kg/m?2. 132 of 314 workers are overweight and 117 are in the normal weight category. While only 65
workers are underweight. 70% of the overweight workers felt discomfort in their wrists and shoulder
and lower back while 62 % of the underweight workers felt discomfort in wrists and shoulders.

Table 5
Body Parts % Discomfort Ranking of Body Parts
Shoulder Left 7.62
Neck 7.36 2
Shoulder Right 7 3
Upper Arm Right 3.65 4
Wrist Right 3.51 5
Upper Arm Left 3.44 6
Table 6
Hand Area % Discomfort Ranking of Hand Area
Area A 23.38 1
Area C 20.34 2
Area E 19.23 3
Area D 15.47 4
Area F 12.94
Area B 8.65 6

OWAS & POSTURAL ANALYSIS

The postural analysis required some of the measurements which are necessary for the analysis as
mentioned in the below table. Further, the postural analysis is done through the REBA and RULA
analysis before and after the use of the tool, which proves the point that the after use of the tool,
the risk element is reduced and can be further reduced with other aids.

The above analysis concluded that the people working in the shipping of goods in containers and
involved in opening and closing shipping containers after some years develop certain types and
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levels of discomfort in their bodies and hands. To cope with this problem, certain types of aids are
required. Opnbar is one of those types of the aids. The study below shows how effective it can be.

To analyze the tool with hand and body anthropometry and symmetry certain measurements
described below are needed.

s | o] s | B st o [ st ropta] e

Ibs in in in in in in in in
Mean 60.76 | 645  |3346 [27.62 |2340 | 13.77 | 15.86 18.63  [20.93
Eigfard 0.71 0.2 0.13 |02 0.1 036 | 0.05 0.05 0.04
Median | 59.00 |64.55 |3377 [2018 2377 924 | 1582 1802 | 0.95
Mode 55.00 | 62.99 3460 2990 |2435 [889 |l16.11 1739 [ 20.69
Is)t::i‘;?irgn 12.55 | 3.51 235 |3.59 1.83 638 | 0.8l 1.55 0.78
Efjﬁﬁce 157.58 |31.43 |14.09 |32.65 |85 103.48 | 1.68 6.13 1.55
Kurtosis | -0.23  |-0.09 [-033 |-0.57 039  |-0.64 |-0.008 |-046 |0.28
Skewness | 0.48 0.03  [-0.08 |[-0.16 009 023 |-0.02 0.15 -0.11
Range 61.00 |19.68 |11.68 |13.04 |8.48 16 47 6.78 4.95
Minimum |31.00 |53.15 |2680 |2008 |18.50 |7.71 13.15 1511 | 17.96
Maximum |92.00 |72.83 |3833 [33.13  [2698 [23.72 |17.85 2188 | 22.92
Sum 19079.00| 20252 | 10506 | 8674.9 | 7348 | 4325.57 | 4980.62 | 5848.92 | 6573.47
Count 314.00 |314.00 |314.00 |314.00 |314.00 |314.00 |314.00 |314.00 |314.00
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Hand Hand Body El:lt::d(- Foot Foot IF_;(;I:;rm- Hip E:;)e‘r

Breadth | Length | Depth Length Length | Breadth Length Breadth Length

in in in in in in in in in
Mean 2.99 1093 | 1344 [20.77 9.89 3.38 27.61 17.54 | 11.04
:ﬁgfard 0.02 026 | 0.25 0.07 0.08 0.04 0.08 0.06 0.17
Median | 3.2 7.63 1623 | 20.75 9.88 3.90 27.60 1761 | 12.83
Mode 327 7.34 1663 | 21.26 10.11 | 3.99 28.11 18.03 | 13.15
%t:i‘i‘;rgn 0.44 4.68 4.49 1.22 0.57 0.74 1.46 1.12 3
f,i‘ﬁgrllece 0.5 55.7 5136 |3.79 0.83 1.41 5.47 3.19 22.93
Kurtosis | -0.6 0.64 |-065 |-017 0.15 | -0.63 -0.05 024 | -0.64
Skewness | -0.177 | 022  |-021 | -0.04 0.04 [-0.19 -0.03 0.063 | -0.20
Range 1.52 1191 | 11.87 |6.57 3.11 2.24 8.32 5.77 8.38
Minimum | 2.1 638 | 6.56 16.98 8.1 2.19 22.81 1421 | 6.18
Maximum | 3.63 1829 | 1842 |23.56 1120 | 443 31.13 19.98 | 14.57
Sum 939.24 | 3433.81| 4220.65 | 6524.38 | 3106.68| 1094.84 | 8670.15 | 5509.01 | 3468.12
Count 314.00 |314.00 |314.00 |314.00 |314.00 |314.00 |314.00 314.00 | 314.00

After calculating these measurements and analyzing the tool dimensions and different stances of

people, we can say that the tool is designed well for the reduction of muscoskeletical disorders.
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AFTER ANALYSIS - RULA ANALYSIS OF THE PRODUCT

To analyze the product that it is ergonomically fit to use. Different postures of the operator are
analyzed while opening the shipping container. Some of the postural analysis is detailed below.

1)

Arm & Wrist Analysis

SR# | Step Reason Score

1 Upper arm position 90 degree +4

2 Lower arm position >60 degrees +2

3 Wrist position <15 degrees +1

4 Wrist twist twisted near the end | +1
range

5 Muscle use Repeated 4x per | +1
minute

6 Force/load Repeated force | +1
applied

Wrist / Arm Score = Posture A Score + Muscle use score + Force score

Wrist / Arm Score = 4+1+1=6
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Neck, Trunk and Leg Analysis

Sr# Step Reason Score
1 Neck position 0-10 degrees +1
2 Truck position 0 degrees +1
3 Legs supported +1
4 Muscle use repeated +1
5 Force/load 4-22 Ibs +2

Neck, Trunk and Leg= Posture B score + Muscle use score + Force score

Neck, Trunk and Leg=1+1+2=4

Final Score =6

2)
Arm & Wrist Analysis
SR# | Step Reason Score
1 Upper arm position 90 degree +4
2 Lower arm position >60 degrees +3
3 Wrist position <15 degrees +1
4 Wrist twist twisted near the end | +1
range
5 Muscle use Repeated 4x per | +1
minute
6 Force/load Repeated force | +1
applied

Wrist / Arm Score = Posture A Score + Muscle use score + Force score

Wrist / Arm Score = 4+1+1=6
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Neck, Trunk and Leg Analysis

Sr# Step Reason Score
1 Neck position 0-10 degrees +1
2 Truck position 0 degrees +1
3 Legs Not supported +2
4 Muscle use repeated +1
5 Force/load 4-22 Ibs +2

Neck, Trunk and Leg= Posture B score + Muscle use score + Force score

Neck, Trunk and Leg=3+1+2=6

Final Score =7

3)
Arm & Wrist Analysis
SR# | Step Reason Score
1 Upper arm position 90 degree +4
2 Lower arm position >60 degrees +2
3 Wrist position <15 degrees +1
4 Wrist twist twisted near the end | +2
range
5 Muscle use Repeated 4x per | +1
minute
6 Force/load Repeated force | +1
applied

Wrist / Arm Score = Posture A Score + Muscle use score + Force score

Wrist / Arm Score = 4+1+1=6
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Neck, Trunk and Leg Analysis

Sr# Step Reason Score
1 Neck position 10-20 degrees +2
2 Truck position 0 degrees +1
3 Legs Not supported +2
4 Muscle use repeated +1
5 Force/load 4-22 Ibs +2

Neck, Trunk and Leg= Posture B score + Muscle use score + Force score

Neck, Trunk and Leg=3+1+2=6

Final Score =7

CONCLUSION

In this example, the final RULA average score for three different postures while opening and closing
the shipping containers is approx. 6 which indicates risk and calls for Work Aids, engineering and/or

work method changes to reduce or eliminate MSD risk.

Score
1-2
34
5-6

- very high risk, implement change now

REBA ANALYSIS OF THE PRODUCT

Level of MSD Risk
negligible risk, no action required

low risk, change may be needed

medium risk, further investigation, change soon

To analyze the product that it is ergonomically fit to use. Different postures of the operator are
analyzed while opening the shipping container. Some of the postural analysis is detailed below.

1)
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Neck, Trunk and Leg Analysis

SR# | Step Reason Score
1 Neck position 0-20 degrees +1
2 Trunk position 0 degrees +1
3 Leg position Both legs down +1
4 Force/load 11-221b +1

Leg Score, Trunk and Neck = Table A Score + Force score

Leg Score, Trunk and Neck = 1+1=2

Arm and Wrist Analysis

Sr# Step Reason Score
1 Upper arm position 90 degrees +4
2 Lower arm position 60-100 degrees +2
3 Wrist position <15 degree +1
4 Wrist twist twisted near the end range +1

Arm and wrist Score = Table B score +Coupling score

Arm and wrist Score =6+0=6

Final Score

Final score = Table C score + Activity Score

Activity Score = +1 (Repeated small range actions 4x times)

Final score = 4+1=5
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2)

Neck, Trunk and Leg Analysis

SR# | Step Reason Score
1 Neck position 0-20 degrees +1
2 Trunk position 0 degrees +1
3 Leg position Both legs are not down +2
4 Force/load 11-221b +1

Leg Score, Trunk and Neck = Table A Score + Force score

Leg Score, Trunk and Neck = 2+1=3

Arm and Wrist Analysis

Sr# Step Reason Score
1 Upper arm position 90 degrees +3
2 Lower arm position 60-100 degrees +2
3 Wrist position <15 degree +1
4 Wrist twist twisted near the end range +1

Arm and wrist Score = Table B score +Coupling score

Arm and wrist Score =5+0=5

Final Score

Final Score = Table C score + Activity Score

Activity Score = +1 (Repeated small range actions 4x times)

Final score = 4+1=5
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3)

Neck, Trunk and Leg Analysis

SR# | Step Reason Score
1 Neck position 0-20 degrees +1
2 Trunk position 0 degrees +1
3 Leg position Both legs are not down +2
4 Force/load 11-221b +1

Leg Score, Trunk and Neck = Table A Score + Force score

Leg Score, Trunk and Neck = 2+1=3

Arm and Wrist Analysis

Sr# Step Reason Score
1 Upper arm position 90 degrees +4
2 Lower arm position 60-100 degrees +2
3 Wrist position <15 degree +1
4 Wrist twist twisted near the end range +1

Arm and wrist Score = Table B score +Coupling score

Arm and wrist Score =6+0=6

Final Score

Final score = Table C score + Activity Score

Activity Score = +1 (Repeated small range actions 4x times)

Final score = 5+1=6
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CONCLUSION

In this case, the final REBA average score of three different postures is 5, which indicates medium
risk and calls for further investigation and engineering and/or work method changes to reduce or
eliminate MSD risk.

Score Level of MSD Risk

1 negligible risk, no action required
2-3 low risk, change may be needed
4-7 medium risk, further investigation, change soon

high risk, investigate and implement change

very high risk, implement change

SAFETY RECOMMENDATIONS

While operating the tool make sure that the body weight is on both feet. This will ensure that the
posture of the body is well-balanced and centralized (the vertebral column with minimum bend).
According to the first picture, feet should be flat on the ground.

Image Source

While closing and opening the container, consider this as a precaution that you have a minimum
bend in your legs and feet; if the container is not grounded use some support if it is at an elevated
height.

Don’t lean on any side of your body while opening and closing the container as this will affect the
posture of your vertebral column as well as your it will affect your shoulder.

Do not twist the wrist of your hands while operating the tool to open or close the shipping
container.
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Use your palms to hold the tool; it will help you to grip as well as save your fingers from CTS (Carpal
Tunnel Syndrome). The posture of the arms shown in the figure above is recommended.

Reduce the awkward postures of the neck, by reducing the distance of the body to the shipping
container or maintaining level height of the container as you are standing.

Joints must be in a neutral position and are stretched to the least possible extent.

5
—L]

Image Source

Keep the container close to the body. If the container is too far from the body, the arms will be
outstretched, and the trunk bent over forward.

Image Source

Avoid bending forward; the further the trunk of the upper body is bent forward, the harder it is for
the muscles and ligaments of the back to maintain the upper body balance.
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Image Source

A twisted trunk strains the back; Twisted postures of the trunk cause undesirable stress to the spine.

Image Source

Posture or movement should be maintained for a long period of time. Prolonged postures and

repetitive movements are tiring.

Avoid excessive reaches; It is necessary to limit the extent of forward and sideways reaches to avoid

having to bend over or twist the trunk.

Image Source
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Additional Precautions
e When using OPNBar the operator must have both feet firmly planted on a level surface at all
times.
e We recommend that before the tool is used, the operator wears clean, dry, “work gloves”

free of any dirt or grease, or any other substance to avoid slippage from the operator’s
hands.

e When notin use, OPNBar must be stowed away in a secure area

e Avoid exposing the tool to heat or frigid conditions for long periods of time as this may affect
the durability of the product when in use

e Ensure OPNBar is properly seated before use to avoid injury

e Safety strap can be used to reduce the likelihood of OPNBar slipping out of hand

e Use quality gloves with grip when using OPNBar.

TESTIMONIALS

"As a practicing Chiropractor, | feel that this is an invaluable tool to prevent work injuries, especially
of the shoulder, wrist and back. Its ergonomic design was well thought out. | am impressed."

Dr. Todd Masler, DC, Chiropractor

"As an occupational therapist, | think an ergonomic tool like this is so important to prevent work
injuries, promote employee retention, improve performance without compromising safety, and
enhance job satisfaction. Prioritizing employee safety should be vital in the workplace and a product
like this was truly designed with that in mind."

Pam Suphaphinant, OT, Occupational Therapist
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