
The Effect of Body Positioning on Lower Back 
Injury 

 

Introduction 
 

 Biomedical Engineers often work in orthopedics and ergonomics.  It is their job to identify the 
underlying physics of a given problem, perform engineering analysis and provide meaningful 
interpretations and suggestions.  As an example, a high incidence of wrist injury was once noticed among 
those that type frequently.  To analyze this problem, engineers examined the stress developed on the 
wrists while typing on the keyboard.  The result of the study was identifying the least harmful positioning 
of the wrists in relation to the keyboard.   

Today you will explore a second ergonomics example.  We have all been told that when lifting 
heavy objects, we should bend at the knees and not at the waist.  The result of bending at the waist has 
been reported as an increased risk of lower back pain and injury.  Using engineering analysis, we can 
examine both cases (bending at the waist and at the knees) to quantify the effect of lifting the same object 
upon the lower back region.  This will be accomplished in three parts: measurement of the body in each 
position, analyzing the geometry, and simulating the lifting.  Following the simulation, you will analyze 
the results and either support or refute the hypothesis that bending at the knees is better than bending at 
the waist. 

 

Measurements 
 

 Items: Digital camera, a small object to serve as the object to lift and a larger object for scaling 
(such as a yardstick, but any object with clearly-defined edges and length will do) 

 Roles: The “lifter,” the holder of the scaling object, the camera operator, and someone to direct 
the procedure. 

 Procedure: 
o Place the lifting object on top of something at about the height of the lifter’s knees 
o Measure the length of the scaling object (in meters) 

 You will use this value later to scale your measurements 
o Measure the width of the lifter at the waist (distance from hip to hip) 
o The lifter should get into each of the two positions (bending at the waist and bending at 

the knees) to try and lift the lifting object 
 ****you don’t need to actually lift it, just touching it is fine**** 
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 The scaling object should be held in the same area as the lifter 
 The lifter’s elbows should be fully extended so that the upper and lower arm 

make a straight line 
o Take a picture in each position, your results should look something like the following (it 

will be easier later if you are facing in the direction that the image below faces): 

 

Image Analysis 
 

1. Import the images from the digital camera into the computer 
2. Open National Instrument’s Vision Assistant program by clicking Start->All Programs->National 

Instruments->National Instruments Vision Assistant 
3. Select “Open Image” and browse to find the first image 
4. Scale the image by clicking the IMAGE CALIBRATE button on the bottom left of the screen 

a. Choose “simple calibration” and click OK 
b. Choose “square” and click NEXT 
c. Click 2 points on the scaling object and then enter the measured length of the object (plus 

units) in the boxes below, then click NEXT 
d. Click OK to accept this calibration and then OK again to exit calibration mode 

5. Click the MEASURE option and choose “length.”  Measure and record (Table 1) the length and 
average width of each of the following by clicking at either end of each part: 

a. Lower Leg 
b. Upper Leg 
c. Back 
d. Upper + Lower Arm 

2. While still in the MEASURE utility, switch to “angle.”  Measure and record (Table 1) the 
following angles: 

a. ***To get the angles right, you will have to select your points in a very specific order*** 
b. Θ1 – the angle between the lower leg and the ground (click in this exact order: a point on 

the ground to the right of the point where the foot meets the ground, the point where the 
foot meets the ground, again where the foot meets the ground, then the knee) 
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c. Θ2 – the angle between the lower leg and the upper leg (click knee, hip, knee, point where 
foot meets the ground) 

d. Θ3 – the angle between the upper leg and the back (click hip, knee, hip, shoulder) 
e. Θ4 – the angle between the back and the arm (click shoulder, hip, shoulder, hand) 

3. Repeat steps 3-6 for the second image 
4. Take a moment to look over your measurements and make sure they make sense 

 

Table 1 – Measured Geometry 

Record distances in meters Bent at the Waist Bent at the Knees 
Waist Width Meters   

Lower Leg 
Length   
Width   

Upper Leg 
Length   
Width   

Back 
Length   
Width   

Upper + Lower Arms 
Length   
Width   

Θ1 Degrees   
Θ2 Degrees   
Θ3 Degrees   
Θ4 Degrees   

 

Simulation 
 

 You will now simulate the stress placed on the lower back by lifting the same object from the 
same height in each of the two positions.  Use 18,600 MPa (1.86 x 10^10) as the Young’s modulus for the 
body.  This simulation will be very similar to the beam bending and uniaxial simulations, but will include 
more complex geometry. 

1. Open Abaqus CAE (it takes a minute to load, just be patient) 
2. Select Create Model Database 
3. In the model tree on the left side of the screen, right click on PARTS and select CREATE 

a. Choose 3D 
b. Choose Deformable 
c. Choose Solid 
d. Choose Extrusion 

4. You will now sketch the part 
a. Choose the line tool 
b. You will trace the side profile of the body in the position being modeled by starting at the 

ground on one side, say the back side, and following that all the way up and around to the 
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tip of the hand, and then coming back from the hand along the front side down the ground 
and connecting back to the starting point 

i. Once the body is traced use the dimension tool and the constraint->parallel tool 
to align the “limbs” 

ii. You can use angles also by using the dimension tool and clicking the first and 
then second line whose angle you want to alter.  Then move the cursor until an 
angle appears where you want the angle measured and left click.  Finally, enter in 
the value you actually want the angle to be from the recorded angle values in 
your table. 

 

c. When you are finished, click the red X and then DONE to say you are finished sketching 
the rectangle 

d. You will be prompted for the extrusion depth, enter in the value you recorded for body 
width.  Click OK. 

5. Again in the Model Tree on the left, right click on MATERIALS and select CREATE 
a. At the top of the new box, replace Material-1 with a new name that you will remember 
b. Select MECHANICAL then ELASTICITY then ELASTIC  

i. Enter in 18,600,000 kPa for Young’s Modulus (published value for bone) 
ii. Enter in a Poisson Ratio of 0.32  

iii. Click OK 
6. Back to the Model Tree, right click on SECTIONS and choose CREATE 

a. Again name the section something you will remember 
b. Choose SOLID 
c. Choose HOMOGENEOUS 
d. Click CONTINUE 
e. Make sure that the material name that you created is in the drop-down box and then click 

OK 
7. In the Model Tree, click on the “+” next to ASSEMBLY, right click on INSTANCES and select 

CREATE 
a. Leaving everything the way it is by default, Click OK 

8. In the Model Tree click on the “+” next to PARTS and again on the “+” next to your part’s name 
(Part-1 if you never changed it) 

a. Right click on SECTION ASSIGNMENTS and select CREATE 
b. Move the mouse cursor over the part you created and left click 

Start here 
going up

End here 
going left
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c. The part should become highlighted, select DONE at the bottom of the screen 
d. In the box that pops up make sure that the section name that you created is in the drop-

down box and Click OK 
9. In the Model Tree right click on BC’s and select CREATE 

a. Accept all default values and Click CONTINUE 
b. Move the mouse cursor over the “feet” and select 
c. Select DONE 
d. In the box that pops up Choose PINNED and then Click OK 

10. In the Model Tree right click on STEPS and select CREATE 
a. Accept the defaults and select CONTINUE 
b. Under NLGEOM select ON 
c. Change the TIME PERIOD to 10 
d. Click OK 

11. In the Model Tree right click on LOADS and select CREATE 
a. MECHANICAL should already be selected 
b. Change the highlighted text on the right to SURFACE TRACTION 
c. Click CONTINUE 
d. You will be prompted to choose the face that the force acts on, select the downward 

facing end of the “hands” and Click DONE 
e. A new diologue box will pop up.  Change the drop-down box for TRACTION from 

“Shear” to “General” 
f. Click the “Edit…” button next “Vector” 

i. Enter 0,0,0 and hit enter 
ii. Enter 0,-1,0 and hit enter 

g. Under magnitude enter  your object weight in Kg times 9.81 (the gravitational constant) 
and then divide by surface area (width *arm segment thickness, in meters). Click OK 

12. In the Model Tree under PARTS double click on MESH (the part should change color, if it 
doesn’t double click again) 

a. On the top menu, select SEED and then PART 
b. Click OK 
c. Also on the top menu select MESH and then PART 
d. On the bottom of the screen Click YES 

13. Save your file now (if you have made mistakes it often crashes the program on the next step)00 
14. Back in the Model Tree right click on JOBS and select CREATE 

a. Give the job a name you will recognize and select CONTINUE 
b.  Accept all the defaults and Click OK 
c. Now click on the “+” beside JOBS, right click on your job name and select SUBMIT 
d. After a few minutes of processing (you may get errors, but it should be ok) right click on 

your job name again and select RESULTS 
e. Once in Results, the icon that is Colored and Bent 
f. On the top menu click RESULTS and then FIELD OUTPUT 

i. Select MAX PRINCIPLE Stress 
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You are now looking at the stress distribution of the simulated body trying to lift the object.  You 
should then save & paste this picture with a screen capture, write down the stress value (from the legend) 
corresponding to the reddest color present in the lower back region, save the simulation, and then develop 
the simulation of the body in the other configuration. 

Analysis and Conclusions 
 

 The National Institute for Occupational Safety and Health (NIOSH) has set an action limit of 
3400 N for low back loading.  Ergonomics engineers suggest that stresses exceeding 0.5 GPa could cause 
lumbar spine injury, but that repetitive tasks with stress as low 5 MPa will cause damage.  How do your 
peak lower back stress levels compare with these values?  Is this type of lifting a one-time threat or a 
long-term threat? Does bending at the knees reduce lower back stress?  Is the difference significant 
enough that you would recommend to others that they should change their posture when lifting? 

 Now, re-run each simulation with increased load values to determine the weight that is unsafe to 
lift from each position (increase the load until the stress values listed above are reached in the lower 
back).  NIOSH guidelines limit a straight vertical lift with no twisting to 50-75 lbs (220-330 N), 
depending on the shape of the object and the capability of the lifter.  How do your modified results 
compare with this recommendation? 

Notice that the simulation results show a well-distributed color pattern, but that it is not random.  
Peak stresses occur in regions where the load is trying to bend and break the bone.  If the entire body were 
built exactly the same (same material, same thickness, etc), then these locations would be the most likely 
points of failure.  Luckily, our bodies have adapted to this sort of loading and we are able to perform tasks 
like lifting without injury.  The strongest parts of our body, the upper legs and lower back, correspond 
well with the areas that simulation says will carry the most stress.  This sort of adaption to the 
environment can be seen throughout the body on all levels. 
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