	Body Composition Lab 

PEHD 210 – 
Fitness Assessment & Exercise Prescription
	Name 
_______________________________ Height/Weight
 ________________________

Age __________________________ 

	
	

	Skinfold
	Trial 1
	Trial 2
	Trial 3
	
	Average

	Abdomen
	
	
	
	
	

	Chest
	
	
	
	
	

	Midaxillary
	
	
	
	
	

	Subscapular
	
	
	
	
	

	Suprailiac
	
	
	
	
	

	Thigh
	
	
	
	
	

	Triceps
	 
	 
	 
	
	


	Men & Women
	7 sites listed in table below
	(7SKF
	_______  mm

	Women
	triceps, suprailiac, thigh

	(3SKF  
	_______  mm

	Men
	chest, abdomen, thigh
	(3SKF  
	_______  mm

	
	
	
	

	Estimating Body Fat Percentage
	
	

	Now that you have measured the subject’s skinfolds, you can estimate the % BF by:   
1.  using the tables in your text on pages 107-108 to find the (3SKF, or
2.  calculating the body density from the Jackson, Pollock, and Ward equations on the following page, and then entering the Db value in one of the two equations that follow.
	______ % BF

	
	
	

	Siri equation
	% BF = (495/Db) – 450 
	men
	______ % BF

	
	% BF = (501/Db) – 457
	women
	______ % BF

	
	
	
	

	Schutte equation
	% BF = (437/Db) – 393
	men
	______ % BF

	
	% BF = (485/Db) – 439
	women
	______ % BF

	Commonly Used Skinfold Site Locations

From: Table 6.3 Health Fitness Instructor’s Handbook, E.T. Howley and B.D. Franks.

	Abdominal
	Measure vertical fold 2 cm to the right of and level with the umbilicus.  Make sure the head of caliper is not in the umbilicus.

	Triceps
	Measure the vertical fold over the belly of the triceps muscle.  The arm should be relaxed.  The specific site is the posterior midline of the upper arm, half the distance between the acromion and olecranon processes.

	Chest
	The location for this site is half or a third the distance between the anterior axillary line and the nipple for men and women, respectively.  The measurement should be a diagonal fold along the natural line of the skin.

	Midaxillary
	This vertical fold should be taken at the level of the xiphoid process on the midaxillary line.

	Subscapular
	This site is located 2cm below the inferior angle of the scapula.  The diagonal fold should be measured at a 45 degree angle.

	Suprailiac
	This diagonal fold should be measured in line with the natural angle of the iliac crest.  The measurement should be taken along the anterior axillary line just above the iliac crest.

	Thigh
	Measure the vertical fold over the quadriceps muscle on the midline of the thigh.  The measurement site is half the distance between the top of the patella and the inguinal crease.


Body Density equations using skinfold measurements

based on the work of A.S. Jackson and M.L. Pollock and Jackson, Pollock, and A. Ward. 

Women _______________________________________________

3 sites

Db = 1.099421 - 0.0009929(X1) + 0.0000023(X1)2 - 0.0001392(X2)

3 sites

Db = 1.089733 - 0.0009245(X3) + 0.0000025(X3)2 - 0.0000979(X2)

7 sites

Db = 1.097 - 0.00046971(X4) + 0.00000056(X4)2 - 0.00012828(X2)

X1 = sum of triceps, suprailiac, and thigh skinfolds

X2 = age in years

X3 = sum of triceps, suprailiac, and abdominal skinfolds

X4 = sum of triceps, abdominal, suprailiac, thigh, chest, subscapular, and midaxillary skinfolds

Men __________________________________________________

3 sites

Db = 1.10938 - 0.0008267(X1) + 0.0000016(X1)2 - 0.0002574(X2)

3 sites

Db = 1.1125025 - 0.0013125(X3) + 0.0000055(X3)2 - 0.0002440(X2)

7 sites

Db = 1.112 - 0.00043499(X4) + 0.00000055(X4)2 - 0.00028826(X2)

X1 = sum of chest, abdomen, and thigh skinfolds

X2 = age in years

X3 = sum of chest, triceps, subscapular skinfolds

X4 = sum of triceps, abdominal, suprailiac, thigh, chest, subscapular, and midaxillary skinfolds

Considerations involved with skinfold measurements

     Between 50%-70% of body fat is subcutaneous, meaning it is stored below the skin tissue.  This is the basis for using skinfold measurement in assessing body fat percentage. You can expect as much as a +/-4% error when comparing % BF determined using the skinfold calipers versus the hydrostatic weighing technique.  

     Advantages include it is inexpensive, easy to perform, non-invasive, many persons can be tested quickly, and it is fairly accurate for our purposes.

     Some things we can do to help eliminate errors:

· Mark sites with a marker so that all re-measurements are done on the exact same site. 

· Make all measurements on the right side of the body. 

· The subject should not have exercised in the past couple of hours. 

· There should be no more than a 2 mm difference between trials. 

· Ensure the accuracy of the equipment that you are using. 

· Choose the best formulas for use with your test subjects. 

· Pinch the skinfold firmly to help separate it from the underlying musculature. 

· Have the subject refrain from contracting the muscles in that area. Allow one minute to pass before a second trial is made on a particular site. This is to allow the skin time to regain its normal degree of suppleness. 

· Practice your technique! 50-100 trials are recommended for beginning practitioners.

Hydrostatic Weighing

Hydrostatic weighing is considered by most as the criterion method for assessing body composition.  The criterion method simply refers to the fact that this is the method against which all others are compared.

A two-compartment model is used in hydrostatic weighing.  Under this model, the assumption is the body is composed of two parts – fat and lean tissue.  The density of the fat-free component is assumed to be 1.1 g/cc.  The density of fat is assumed to be 0.9 g/cc.  

Determining Body Density 
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Body density (Db) is the ratio of the body weight (BW) to the body’s volume (BV). 
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Hydrostatic weighing is based on Archimedes’ principle whereby a submerged object is acted on by a force equal to the volume of water it displaces.  This helps explains why huge ships float.  It is this buoyant force that causes an object to weigh less underwater than on land.   The body volume is determined by subtracting the body’s weight (BW) on land from its weight underwater (UWW) and dividing this by the density of the water.  The last part of the equation is to subtract the residual volume (RV) of air remaining in the lungs and air from the GI tract.

The air in the lungs must be purged as thoroughly as possible during each trial.  The reason for this is the air in the lungs creates additional buoyancy that will in turn influence the final result.  Nonetheless, it is impossible to completely deflate the lungs.  Some air will remain trapped.  It is important that we correct for this.  Though exact measurement techniques exist, a more common method is to use one of the prediction formulas based on sex, age, and height.  Using the formula does introduce considerable margin of error. 

Estimating Residual Volume
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Estimating Body Fat Percentage

Once the body density is determined, the percentage body fat (%BF) can be calculated using the Siri equation. There are groups of people for whom this equation does not yield accurate results.  African-Americans, for example, commonly have higher bone densities.  The Schutte equation has been found to yield greater accuracy for this population. 

Siri equation
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Schutte equation    
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As we mentioned earlier, hydrostatic weighing is the gold standard for body composition determination.  Among the disadvantages are the time, expense, the technical experience required, and a cooperative subject is needed.  Skinfold measurement, when performed accurately, is within 4% of the underwater weighing results.  That is not too shabby for a quick and inexpensive method.

These guidelines are important to follow when using the hydrostatic assessment:

· avoid eating within 4 hours of testing

· eliminate body waste products prior to the test

· limit clothing used during the test.  Remove any trapped air before the measurement

· exhale as completely as possible

· remain as motionless as possible

· record between 5-10 trials to ensure reliability in the measurements

Target Body Weight

	Classification
	
	Women % BF
	Men % BF

	Essential fat
	
	11.0 – 14.0
	3.0 – 5.0

	Athletes
	
	12.0 – 22.0
	5.0 – 13.0

	Fitness
	
	16.0 – 25.0
	12.0 – 18.0

	Potential Risk
	
	26.0 – 31.0
	19.0 – 24.0

	Obese
	
	32.0 +
	25.0 +


	fat mass (FM) =
	current BW x (% BF / 100%)
	

	fat free mass  (FFM) =
	BW – fat mass
	

	
	
	

	target body weight =
	_______FFM________

1 – (desired % BF/100)
	

	
	
	


Example

A 40 year-old retired football lineman who weighs 355 lbs. decides for health reasons to lose weight.  He is currently at 29% body fat and his goal is to reach 18%. What is his target weight?

	FM =
	355 lbs.  x   0.29
	

	FFM =
	252 lbs.
	

	
	
	

	target body weight =
	_______252 lbs.______

   1 – (18 % BF/100)
	

	=
	307 lbs.
	


Your Target Body Weight


Your body weight =   ____________


Your % BF =   ____________


Your target body weight =   ____________

Comparison of Body Composition Methods

	Assessment method
	Advantage
	Disadvantage

	Hydrostatic weighing
	Accuracy
	Expense, time, availability

	Air displacement plethysmography
	Accuracy
	Expense, availability

	Total body water measurement
	Accuracy
	Expense, time, availability

	Dual-energy X-ray absorptiometry
	Accuracy, also provides bone density
	Expense, availability

	Bioelectrical impedance analysis
	Easy
	Accuracy if not done properly

	Skinfold measurements
	Easy, inexpensive
	Accuracy can be problematic

	Body Mass Index
	Easy, inexpensive
	Does not indicate amount of fat;

inaccurate in very muscular people


inaccurate in very muscular people

	Height-Weight tables
	Easy, inexpensive
	Of no value.  Use BMI instead.

	Girth measurements
	Easy, inexpensive
	


Girth Measurements

Waist to Hip Ratio

Used to determine the amount of risk one incurs from excessive accumulation of fat in the abdominal area.  This is referred to as android-type obesity.

	Classification
	Men
	Women

	Very high risk
	> 0.94
	> 0.82

	Lower risk
	< 0.94
	< 0.82


Measure the waist at its narrowest point between the ilium and the ribs.  Measure the hips around the widest portion of the buttocks above the gluteal fold.  Insure that the measuring tape is in the same plane on anterior and posterior sides of the subject.  

Two interesting points to make note of: 

· the methodology used in measurement of the WHR varies from study to study

· some research indicates that the waist measurement alone is a stronger indicator of visceral fat deposition than when both the waist and hip are measured.  

What is your WHR?

WHR =     waist      =   _____________

                   hips

Body Mass Index

The body mass index (BMI) cannot differentiate between fat and fat free mass and as such cannot be used to estimate the subject’s body fat percentage.  It is, however, a quick method to determine if one’s weight falls within an acceptable range in relation to one’s height.  

The risk of developing cardiovascular disease is significantly higher for BMI scores over 27.  The USDA has set the healthy range for BMI to be between 19 and 25, with an elevated risk as it increases beyond that.

	Classification
	Men

	Underweight
	< 18.5 kg/m2

	Normal
	18.5 – 24.9 kg/m2

	Overweight
	25.0 – 29.9 kg/m2

	Obesity class I
	30.0 – 34.9 kg/m2

	Obesity class II
	35.0 – 39.9 kg/m2

	Obesity class III
	( 40 kg/m2



	What is your BMI?

BMI =     weight (kg)     =   _____________

                height (m2)


	Conversions

· inches to meters   multiply by 0.0254

· pounds to kilograms   divide by 2.2




Other Girth Measurement Methods

from: Principles & Labs
Girth Measurements for Women*
1.  Using a regular tape measure, determine the following girth measurements in centimeters:
Upper arm:  take the measure halfway between the shoulder and the elbow.

Hip: measure at the point of largest circumference.

Wrist: take the girth in front of the bones where the wrist bends.

2.  Obtain the person’s age.

3.  Using the table provided by the instructor, find the girth measurement for each site and age in the left-hand column below.  Look up the constant values in the right-hand column.  These values will allow you to derive body density (BD) by substituting the constants in the following formula:

BD = A - B - C + D 

4.  Using the derived body density, calculate percent body fat (%BF) according to the Siri equation:    %BF = (495/BD) - 450

Example: Jane is 20 years old, and the following girth measurements were taken: 

Data


Constant

Upper arm = 
27.0cm
A =
1.0813

Age = 
20
B =
.0102

Hip = 
99.5cm
C =
.1206

Wrist = 
15.4cm
D =
.0971

BD = A - B - C + D

BD = 1.0813 - .0102 - .1206 + .0971 = 1.0476

%BF = (495/BD) - 450

%BF = (495/1.0476) - 450 = 22.5%


Girth Measurements for Men**
1.  Using a regular tape measure, determine the following girth measurements in inches (the men’s measurements are taken in inches, as opposed to centimeters for women):

Waist:  measure at the umbilicus (belly button) 

Wrist:  measure in front of the bones where the wrist flexes.

2.  Subtract the wrist from the waist measurement.

3.  Obtain the weight of the subject in lbs.

4.  Find the %BF in the Table provided by the instructor. 

Example:  John weighs 160 lbs. and his girth measurements are:

Waist girth = 36.5 inches

Wrist girth = 7.5 inches

Difference = 29.0 inches

Body weight = 160.0 lbs.

%BF = 22 %


* “Generalized Body Density Prediction Equations for Women Using Simple Anthropometric Measurements.” R.B. Lambson, unpublished doctoral dissertation, Brigham Young University, Provo, UT August 1987.
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** Fisher, A.G. and Allsen, P.E. Jogging. IA: Wm. C. Brown, 1987. 

� EMBED Equation.3  ���
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