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Science In Motion

Juniata College


Pressures Underfoot

Standards:

3.3.12B—Analyze the chemical and structural basis of living organisms.

· Evaluate relationships between structure and functions of different anatomical parts given their structure.

3.6.12B—Analyze knowledge of information technologies of processes encoding, transmitting, receiving, storing, retrieving and decoding.

· Analyze and evaluate a message designed and produced using still, motion and animated communication techniques.

· Apply and analyze advanced information techniques to produce a complex image that effectively conveys a message.

3.7.12 A—Apply advanced tools, materials and techniques to answer complex questions.

· Demonstrate the safe use of complex machines within their specifications.

· Select and safely apply appropriate tools, materials and processes necessary to solve complex problems that could result in more than one solution.

· Evaluate and use technological resources to solve complex multi-step problems.

3.7.12B—Evaluate appropriate instruments and apparatus to accurately measure materials and processes.

· Apply and evaluate the use of appropriate instruments to accurately measure scientific and technologic phenomena within the error limits of the equipment.
2.2.8B—Add, subtract, multiply and divide different kinds and forms of rational numbers including integers, decimal fractions, percents and proper and improper fractions.
2.2.11A—Develop and use computation concepts, operations and procedures with real numbers in problem-solving situations.

Introduction and Background:

Force and Pressure are terms normally encountered in basic physics courses, and students are often unaware of their importance in fields such as medicine, forensics, and many other areas of biology.  These two physical parameters have a direct relationship.  One can be calculated from the other using a mathematical formula that takes into consideration contact area.   This experiment will demonstrate the importance of these two parameters on the form and function of the human foot.  


Today’s experiment will use several advanced pieces of equipment to measure the foot forces and pressures generated during walking.  You will see how an advanced piece of equipment can generate computerized displays of plantar pressure distributions (pressures experienced by the bottom surface of the foot) during walking.  You will calculate an individual’s average plantar pressure using body weight and foot area in order to more clearly demonstrate the operating principle and calculations performed by the plantar pressure equipment.  
The following information will provide you with all the background information you will need for this experiment:
Force:
Force is defined as a “push” or a “pull.”  Forces are the result of a mass being accelerated through a distance.  For example, forces due to gravity (usually thought of as the weight of an object) are determined by multiplying the mass of an object by the known constant for the acceleration due to gravity on Earth, which is designated by the constant “g.”  (You might remember hearing fighter pilots talk about the number of “g’s” experienced during flight in an arced path!)


The force on an object can be calculated from its mass using the equation:

F = m ( a

where F = force; m = mass; and a = acceleration.

To specifically calculate weights on Earth, the force equation becomes:

F = m ( g

where F = weight on Earth in units called “Newtons” (abbreviated “N”)

m = mass in units of kilograms (abbreviated “kg”); and

g = the acceleration due to gravity on Earth or 9.8 m/s2.
Note:  divide pounds (lbs) by 2.2 to obtain kilograms
Pressure:
Pressure is defined as the force over a given area.  This converts easily to a formula:

P =F/A


Plantar Pressure refers to the pressure on the bottom surface of the foot.  For example, if the individual wears a size 9½ shoe and measures the area under one of their feet as 167 square centimeters, this is equivalent to an area under both of their feet of approximately 334 square centimeters or 0.0334 square meters.  (Note:  1 meter = 100 centimeters; 1 m2 = 10,000 cm2).

Guiding questions:

1. When you are standing, you are exerting a force upon the floor.  When you stand on one foot, does your force differ from when you are standing on two feet?
2. How does (or doesn’t) your force change in question one?
3. If you answered that your force does not change in question one, what does change?
Vocabulary:

Plantar—concerning the sole of the foot.
Faciitis—inflammation of any fascia.

Plantar faciitis—sheet of connective tissue investing the muscles of the sole of 


the foot.

Pronation—“rotation  of the medial bones in the midtarsal region of the foot 
inward and downward so that in walking the foot tends to come down on its inner margin”1.
Supination—“a movement of the foot and leg in which the foot rolls outward 
with an elevated arch”1.

Materials:
Vernier Force Plate



cotton balls


forensic ink (sensitizing fluid)

rubbing alcohol


Novel pressure platform


calculators

model of foot




developing paper


laptop computers



Vernier Go!™Link

graphical overlays



lab copies


Vernier LabQuests™

Optional additional materials:    



bathroom scale



scanner with Plexiglas cover
Safety:

1. Teacher may want to ask students if they have any allergic sensitivities to inks or dyes.  

2. Students should be sure to wear socks when walking across the pressure platform.  If socks are not available, a paper towel should be placed on top of the pressure platform.  Please NOTE:  Make sure that there is no debris on the pressure platform.  And, DO NOT WEAR SHOES on the pressure platform. 

Prelab Questions:
(Personal) Foot Questionnaire

1. Do you ever have foot pain?  If so, where is your pain—in the forefoot or the heel?   Mark any pain or sensitive spots that you have on the foot diagram on page    

2. Is your pain constant or intermittent?  When does it occur most?

3. Do you have calluses?  If so, where is/are your callus(es)?  Mark any calluses on the foot diagram on page

4. Does anyone in your family have foot trouble?  What is the “trouble”?

5. Do you need your toes to walk?

Procedure:      
Participants should obtain their foot area:  
Using forensic ink application and counting square centimeter blocks.  
1. Students should wet a cotton ball with the sensitizing fluid and swab the entire area of the bottom of one foot.  
2. The developing paper (developing side up) should be placed on the floor.  The student should step on the paper with their wet foot, remove their foot, and wait for the footprint to develop. 

3. Students should wet a second cotton ball with rubbing alcohol and clean the forensic dye off their foot.  BOTH cotton balls need to be discarded in normal trash!

4. Once the footprint has developed, students should count their square centimeter foot area by using the square centimeter graphical overlays.  The rule is as follows:  blocks that are filled ½ or more with footprint, are counted.  Blocks that are less than ½ filled with footprint are NOT counted.

5. Total foot area in cm2 should be recorded in column A of the data table.
6. Column B of the data table is the same total foot area but stated in m2.

Optional alternative method:  use a scanner and NIH Image software to obtain foot area.
1. Students stand on the Plexiglas cover and NOT directly on the scanner.  NIH software computes foot area.
2. Total foot area in cm2 should be recorded in column A of the data table.

3. Column B of the data table is the same total foot area but stated in m2.
Participants should obtain force due to gravity:  
1. Vernier Force Plate should be hooked up to a computer with a Vernier GoLink or to a LabQuest.
2.  When using a computer, open Logger Pro™ software by double clicking on the desktop icon.

3. Open the file “Probes and Sensors”, open “Force Plate”, open “Force Plate 3500N”.

4. Students should stand on the Vernier Force Plate, click on “collect” and obtain their average force.  
5. Average force is obtained by highlighting (clicking and dragging) a flat/stable area of the graph and then clicking on the “stats” icon.  The mean force (in Newtons) should be recorded in column C of the data table.
6. When using the LabQuest, plug the Vernier Force Plate into the LabQuest, andturn on the LabQuest.  A live reading of force will appear.  If nothing is on the Force Plate, it should be reading 0N (zero Newtons).  Zero the instrument if needed by touching “Sensors”, “Zero”, and “Force Plate 3500N”.  The live reading should now read 0N if nothing is on the Force Plate.
7. Students should stand on the Vernier Force Plate, wait until the live reading stabilizes and record their force in Newtons in column C in the data table.
Optional alternative method:  
1. Students weigh themselves on a scale and convert pounds to kilograms (mass) as per the calculation discussed in the introduction of this lab.
2. Students calculate Newtons with their mass times acceleration due to gravity—also discussed in the introduction of this lab. 
Participants should obtain plantar pressures by two methods:
1. Students calculate their average plantar pressure by using their force and the surface area of their foot (obtained from either the ink prep method or scanner method).  This calculation is described in column D of the data table and should be recorded in column D of the data table.
2. Students obtain peak pressure by walking across the Novel (EMED®) Pressure Platform.  Instructions for set-up and running of the Novel Pressure Platform can be found in the teacher notes.
3. When walking across the pressure platform, students should attempt to have a normal gate and to place ONE foot in the middle of the platform as they are walking across it in order to get the most accurate reading.

4. Students without socks need to place a paper towel on top of the pressure platform before walking across in their bare feet.

5. Peak pressure should be recorded in column E of the data table.
Optional additional activity:
1. Students should fill in the columns in the data table of the calculations when standing.

2. Peak pressure when standing on the EMED pressure platform would be obtained by standing on the platform with both feet.  (This may be a bit difficult for persons with larger or wide feet.)  Peak pressure should be determined by clicking on the highest point of the graph and reading the kPa value at that point.
Data table:

Example calculations when walking:  (Note that force remains constant whether walking or standing)
	Name
	A

FOOT AREA

cm2

(Number of cm squares under one foot)
	B

TOTAL AREA

m2

(Column A divided by 10,000)
	C

TOTAL FORCE

N

(Force from Vernier  Force Plate)
	D

AVERAGE PRESSURE

kPa

( = Column C divided by Column B divided by 1,000)
	E

PEAK PRESSURE

kPa

(= highest pressure seen on EMED®  computer screen)

	Example

(Walking)
	167 cm2
	0.0167 m2
	711.5 N
	42.6 kPa
	425 kPa

	(Walking)
	
	
	
	
	

	(Optional/

Standing)
	
	
	
	
	


Questions:
1. How do underfoot pressures relate to the basic form and function of the foot?  
2. Where does callus tissue usually form and why?
3. What are the roles of orthopedic shoes?  (Hint:  Stand and roll/flex your ankles to redistribute your weight to the inside (pronate) or outside (supinate) of the arch of your foot.)
4. If you determined the pressure of your own foot, how do your answers to pre-lab questions # 1-3 relate to that pressure?
Reference:
Brum, G., McKane, L., & Karp, G., Biology Fundamentals. John Wiley & Sons, Inc: 

1995.

1http://www.merriam-webster.com/dictionary/supination
Credits:
The original Pressures Underfoot lab was created and written by Dr. Lorraine Mulfinger, Penn State University.

Special thanks to Dr. Brian Hoover, DPM, retired, Huntingdon and David Howe, biology teacher, Indian Valley High School. 
[image: image1.png]







































Pressures Underfoot
Revised 05/08
1
Pressures Underfoot
Revised 05/08
7

[image: image2.jpg]