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Chapter 1:  Understanding Body Composition Analysis 
 

Overview 
 
Body composition analysis is the clinical assessment of tissue and fluid compartments in the human body. 
 

Fat Mass 
Fat-Free Mass  
Body Cell Mass (Intracellular Mass)  
Extracellular Mass  
Total Body Water  
Intracellular Water  
Extracellular Water   

 
A normal distribution of tissue and fluid in the body is associated with immunity, high function, and longevity.  
 
Body composition analysis is used in preventative, therapeutic, and research applications. 
 

Nutritional Assessment   
Anti-Aging Therapy  
Physical Performance Assessment  
Weight Management  
Obesity  
Fluid and Nutritional Assessment  
Geriatrics  
Lifestyles Assessment 
Athletic Performance 
Clinical Trials  
Research Initiatives   

 
To perform body composition analysis, the mass and fluid compartments of the body are modeled, 
measurements are taken, and results are analyzed.  
 
Bioimpedance (BIA) body composition analyzers measure body composition electronically. They do not however 
diagnose disease, or recommend treatment regimens, or quantify treatment effectiveness. Only a qualified 
health care professional can make these judgments. 
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Body Model 
 
Fat Mass (FM) is the total amount of stored lipids in the body and consists of the following types of fat: 
 

Subcutaneous Fat is located directly beneath the skin. Subcutaneous fat serves as an energy reserve 
and as insulation against outside cold.   
 
Visceral Fat is located deeper within the body. Visceral fat serves as an energy reserve and as a 
cushion between organs.   

 
Fat-Free Mass (FFM), also called Lean Body Mass (LBM), is the total amount of nonfat (lean) parts of the 
body. It consists of approximately 73% water, 20% protein, 6% mineral, and 1% ash. 
 
Fat-free mass is further divided into body cell mass and extracellular mass: 
 

Body Cell Mass (BCM) contains all the metabolically active tissues (living cells) of the body, including 
muscle cells, organ cells, blood cells, and immune cells. BCM includes the "living" portion of fat cells, 
but not the stored fat lipids. BCM also includes water inside living cells. This water is called 
Intracellular Water (ICW). The main electrolyte of intracellular water is potassium.  
 
Extracellular Mass (ECM) contains all the metabolically inactive (non-living) parts of the body, such 
as bone minerals and blood plasma. ECM includes water contained outside living cells. This water is 
called Extracellular Water (ECW). The main electrolyte of extracellular water is sodium.  

 
The figure below provides a graphical representation of the relationship of mass and water distribution. 
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Body Composition and Health 
 

 
 
Research has shown that body composition correlates directly to a continuum of health, ranging from mortality 
and morbidity to immunity, longevity, high function, and athletic performance.  
 
The purpose of body composition analysis is to monitor and improve function. For healthy patients, analysis of 
fat-free mass and body cell mass compartments can help maintain function, productivity, immunity, physical 
performance, and longevity. 
 

References: 
 

Kyle UG, et al. Physical activity and fat-free and fat mass by bioelectrical impedance in 3853 adults. Medicine and 
Science in Sports and Exercise, 2001;33:576-584.   
  
Mattar JA, et al. Application of total body bioimpedance to the critically ill patient. New Horizons, 1995, Vol 4., No. 4; 
493-503.   
  
Ott M, et al. Bioelectrical impedance analysis as a predictor of survival in patients with human immunodeficiency 
virus infection. Journal of Acquired Immune Deficiency Syndromes and Human Retrovirology, 1995; 9:20-25. 
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Chapter 2:  Principles of Bioimpedance Analysis (BIA)  
 

Overview 
 
Bioimpedance analysis (BIA) is the analysis of resistance and reactance in the human body.  
 
The characteristics and composition of a material can be determined by analyzing their effect on electrical 
current conducted in the material.  
 
The effect due to energy dissipation is called resistance (R). The effect due to energy storage is called reactance 
(X). Units of resistance and reactance are called ohms. Resistance and reactance taken together are called the 
impedance (Z).  
 
Fat-free mass in the human body is proportional to the resistance. Body cell mass is 
proportional to the reactance.  
 
A bioimpedance analyzer measures resistance and reactance and computes fat-free mass, body 
cell mass, total body water, and intracellular water.  
 
Studies of large populations have produced equations that yield fat-free mass and body cell mass in kilograms, 
and water compartments in liters for any combination of resistance and reactance measurements. These studies 
also establish normal values for populations, and establish the relationship between body composition and 
health.  
 
To measure resistance and reactance, a bioimpedance analyzer applies a small electrical 
current to the body via electrodes.  
 
A bioimpedance analyzer is an electronic device containing a precision high-frequency meter, a microprocessor 
and a printer. This meter, called an impedance meter, measures resistance and reactance. The microprocessor 
computes the size of the fat-free mass and body cell mass compartments in kilograms and performs all 
secondary calculations. The printer provides a printout of the results. 
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Bioimpedance Measurements 
 
Bioimpedance analysis is the assessment of change in electrical tissue conductivity that indicates altered body 
composition.  
 
The following electrical characteristics are measured and used to evaluate body composition. 
 

Impedance (Z) 
Impedance is a measurement of the ability of a medium to conduct current.  It is the ratio of induced voltage to 
injected current in a conductive medium and has two components: resistance and reactance. 
 

Resistance (R) 
Resistance is the component of impedance related to the dissipation of energy in a conductive medium. 
 

Reactance (X) 
Reactance is the component of impedance related to the storage of energy in a conductive medium. 

 

Phase Angle (α) 
The phase angle is the time delay between a stimulating current and the voltage generated by an alternating 
current in a conductive medium.  The phase angle is expressed in degrees of phase shift. 
 

How do these electrical characteristics relate to each other? 
The time relationship of voltage, current, and phase is shown in the first figure below.  The vector relationship 
between impedance, resistance, reactance, and phase angle, represented with polar coordinates is shown in the 
second figure. 
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Circuit Model 
 

Water is the conductor in the body and determines the resistance.  
 
Electrolytic fluid in fat-free mass consisting of water and charged ions readily conducts electrical current. 
Extracellular fluid (water and ionized sodium Na+) provides a low-resistance pathway. Intracellular fluid (water 
and ionized potassium K+) also provides a low-resistance pathway. Fat mass is non-conductive because it 
contains no water. 
 
Cell membranes within intracellular mass determine the reactance.  
 
The cell membranes consist of a layer of nonconductive, lipophilic material interposed between two layers of 
conductive molecules. They behave like tiny capacitors - storing electrical charge in the presence of an 
alternating current.  
 

 
 

The extracellular pathway (sodium ionized water) is represented by a single resistance. The intracellular 
pathway (potassium ionized water and cell membranes) is represented by a resistance and a reactance.  
 
The total resistance is proportional to the amount of fat-free mass. The reactance is 
proportional to body cell mass (intracellular mass).  
 
Ultimately, the resistance seen by the bioimpedance meter is the total resistance, combining intracellular and 
extracellular resistance. The meter reports the total resistance and the total reactance to the microprocessor for 
analysis. 
  

 



Clinician Desk Reference Chapter 2: Principles of Bioimpedance Analysis (BIA) 
 

www.biodyncorp.com 7 

Regression Equations 
 
Bioimpedance analyzers use regression equations to compute amounts of fat-free mass, body cell mass, total 
body water and intracellular water.  
 
What is a regression equation?  
A regression equation is a mathematical formula that best predicts the relationship between two or more 
variables based on the analysis of data sampling. For example, the regression equation for total body water 
(TBW) is of the form:  
 

TBW = a * Ht2 / R + b * Weight + c * Age + d  
 
The terms are Ht2 / R, Weight and Age. The weighting constants for the terms are a, b, c, and d.  
 
Regression equations for bioimpedance analysis (BIA) are determined through research. For example, to 
determine the regression equation for TBW, a large number of subjects are analyzed for TBW using deuterium 
dilution or some other reference standard. Then, resistance, height, weight, gender, and age are supplied for 
each subject in the study. A computer generates an equation which best describes the relationship between 
TBW and resistance, height, weight, gender, and age. This process is called regression analysis.  
 
 

 
 

How are regression equations used?  
Regression equations are used to compute fat-free mass, body cell mass, total body water, and intracellular 
water. When the bioimpedance analyzer measures resistance and reactance, the results are passed to the 
analyzer's microprocessor to perform the calculations. The equations for FFM, BCM, TBW, and ICW are encoded 
into the analyzer's internal software. 
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Block Diagram 
 

 
 
Fat-Free Mass   
In order to derive fat-free mass in kilograms, a bioimpedance analyzer applies a small alternating electrical 
current to the body via electrodes. The resistance of the body is measured. Using the measured resistance (R), 
the analyzer estimates fat-free mass in kilograms.    
 
Body Cell Mass 
To derive body cell mass, a bioimpedance analyzer measures both the resistance (R) and reactance (X) of the 
body. Using the measured resistance and reactance, the analyzer estimates body cell mass in kilograms.    
 
Total Body Water   
Using measured resistance, the analyzer estimates total body water in liters.    
 
Intracellular Water   
Using measured resistance and reactance, the analyzer estimates intracellular water in liters. 

 



 

www.biodyncorp.com 9 
 

Chapter 3:  Measurements and Calculations 
 

Summary of Parameters 
 

Parameter Symbol Units Derivation Healthiest 

Impedance     
     

resistance R  ohms  measured  low value  
reactance  X  ohms  measured high value 
impedance Z ohms calculated low value 
phase angle α degrees calculated high value 
capacitance C picofarads calculated high value 
     

Mass     
     

FFM lb (kg) regression high value fat-free mass 
FFM/WT % weight  calculated  high value 

     
BCM lb (kg) regression high value body cell mass 
BCM/WT % weight calculated high value 

     
ECM lb (kg) calculated low value extracellular mass 
ECM/WT % weight calculated low value 

     
FM lb (kg) calculated low value fat mass  
FM/WT  % weight  calculated low value 

     
ECM/BCM ratio ECM/BCM     calculated low value 
     
basal metabolic rate BMR  calories per day calculated  high value  
     
body mass index BMI    kg/m2 calculated low value 
     

Water      
     

TBW liters regression intermediate 
TBW/FFM % FFM calculated intermediate 

total body water 

TBW/WT  % weight  calculated intermediate 
      

ICW liters regression high value intracellular water 
ICW/TBW % TBW calculated high value 

     
ECW liters calculated low value extracellular water 
ECW/TBW  % TBW  calculated low value 
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Resistance (R) 
 
Resistance  
Resistance and reactance are terms from physics, which are part of the complex field of materials and their 
affects on electricity. However, in reality, resistance and reactance are easy to understand.  
 
Resistance is the ratio of electrical potential (voltage) to the current in a material. Simply put, a material with 
high resistance requires a high potential to generate a given amount of current in the material. A material with 
low resistance requires a low potential to generate the same amount of current.  
 
Perhaps the easiest way to think about this is to say that a material with low resistance conducts well, while a 
material with high resistance conducts poorly.  
 
Steel, which conducts well, is said to have low resistance. Wood, which conducts poorly, is said to have high 
resistance. Because of its electrolyte (charged ion) content, salt water conducts well and has low resistance, 
while pure water conducts poorly and is said to have high resistance.  
 
When a material is conducting, it releases energy in the form of heat. Therefore, the resistance of a material is 
related to the material’s ability to dissipate energy. Units of resistance are called ohms.  
 
In the human body, low resistance is associated with large amounts of fat-free mass. High 
resistance is associated with smaller amounts of fat-free mass.  
 

 
 
Why is this the case?  
The primary conductor in the human body is ionized water. As the percentage of body weight that is water 
increases, the conductivity of the body increases. Since body water is contained solely within fat-free mass, the 
conductivity of the body is proportional to the amount of fat-free mass.  
 
How is resistance measured?  
A small current is applied through the body. The potential required to generate the current is measured. The 
ratio of potential and current along with a process called correlation and integration are used to determine the 
resistance and reactance respectively. 
 
NOTE:  The alternating current resistance is not the same resistance that would be measured by a standard 
off-the shelf ohmmeter.  
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Reactance (X) 
 
Reactance  
Reactance is the effect on an electrical current caused by a material's ability to store energy. Reactance is seen 
as a time delay between an applied electrical potential and current.  
 
A material that stores energy readily causes high reactance, and causes a large delay in the current. A material 
that stores energy poorly has low reactance and causes a small delay in the current.  
 
For example, water poured onto the top of a sponge will flow out the bottom after a delay in time. A large 
sponge will cause a large delay in the flow of water out the bottom, while a small sponge would cause a small 
delay. Current flows in materials in much the same way. The delay in flow of current due to storage is the 
reactance. Units of reactance are called ohms.  
 
In the human body, high reactance is associated with large amounts of body cell mass 
(intracellular mass). Low reactance is associated with smaller amounts of body cell mass. 
 

 
 
Why is this the case?  
Cell membranes consist of a layer of nonconductive lipophilic material interposed between two layers of 
conductive molecules. They behave like tiny capacitors - storing energy. Reactance in the body reflects the 
strength of this capacitance. Since intact cellular membranes are contained primarily within body cell mass, the 
reactance of the body is proportional to the amount of body cell mass. 
 
How is reactance measured?  
A small current is applied through the body. The potential required to generate the current is measured. The 
ratio of potential and current along with a process called correlation and integration is used to determine the 
reactance. 

 



Clinician Desk Reference Chapter 3:  Measurements and Calculations 
 

www.biodyncorp.com 12 

Impedance (Z) 
 
The total impedance (Z) is the vector sum of the effects of resistance and reactance on a current in the human 
body. Technically, the impedance is the ratio of potential (V) to current (I), and is sometimes used in 
discussions of bioimpedance analysis.  
 

 
 
Relationships Between R, X, and Z 
The mathematical relationships between resistance (R), reactance (X), and impedance (Z) are as follows: 
 

Z = sqrt(X2+R2) 
X = Z * sin(α)  
R = Z * cos(α)  
phase angle = arcsin(X/Z)  
phase angle = arctan(X/R)  

 
Example  

  

 



Clinician Desk Reference Chapter 3:  Measurements and Calculations 
 

www.biodyncorp.com 13 

Phase Angle (α) 
 
Phase angle is an indicator of cellular health and integrity.  
 
Research in humans has shown that the relationship between phase angle and cellular health is increasing and 
nearly linear.  A low phase angle is consistent with an inability of cells to store energy and an indication of 
breakdown in the selective permeability of cellular membranes. A high phase angle is consistent with large 
quantities of intact cell membranes and body cell mass.  
 

 
 
Phase angle reflects the ratio of body cell mass to fat-free mass.  
 
Phase angle is proportional to the ratio of reactance and resistance (proportional to the ratio of body cell mass 
to fat-free mass.) 
 

 
 
What causes the phase angle to increase? 
 
An increase in body cell mass relative to fat-free mass. 
An increase in fat-free mass relative to body weight. 
Improving hydration of fat-free mass. 
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Phase angle is useful when comparing individuals.  
 
Reactance along with the patient's weight indicates an absolute amount of body cell mass (BCM).  Therefore, 
reactance is best applied when comparing test results in a single patient at different times. It is possible for two 
patients with exactly the same reactance (X) to have differing amounts of BCM in kilograms, depending upon 
the patient's weight. 
 
However, since the phase angle indicates a proportion of BCM to FFM, any patient with a higher phase angle will 
always have a higher proportion of BCM than any other patient with a lower phase angle.  
 
Phase angle does not include the effect of statistical regression.  
 
Like body cell mass (BCM), the phase angle indicates the number of intact cell membranes.  However, phase 
angle does not include the effect of statistical regression analysis. As a result, phase angle is a direct 
measurement of relative amounts of intact cellular membranes.  
 
What exactly is the phase angle, anyway?  
 
A bioimpedance analyzer applies a small 50-kilohertz alternating current to the body. The phase angle is the 
delay in time between the electric potential and the current. If an oscilloscope were connected to the body, the 
phase angle appears as a small delay between the voltage waveform and the current waveform.  
 
The period of each wave at 50 kilohertz is 20 microseconds. If, for example, the time delay is ten percent of the 
period, then the time delay is 2 microseconds. When expressed in units of time, it is said that the phase delay is 
2 microseconds.  
 
Another way of expressing this time delay is as a percentage of the entire wave period in degrees. Each 
complete wave period consists of 360 degrees.  If the time delay is one-tenth the total period of the wave, it is 
equivalent to 36 degrees. When the time delay is expressed this way (in degrees of the total wave period), it is 
called the phase angle.  
 

 
 
When electrical potential and current are illustrated sweeping around a circle instead of moving over time, the 
relationship between reactance, resistance, and phase angle is easier to see. This is shown below. 
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The range of phase angle in the human body is 1 to 20 degrees. The phase angle is the arctangent of (X/R).  
 

References: 
 
Kyle UG, et al. Fat-Free and Fat Mass Percentiles in 5225 Healthy Subjects Aged 15 to 98 Years. Nutrition, 17:534-
541, 2000. 
 
Mattar J, et al. Application of total body bioimpedance to the critically ill patient. New Horizons 1995, Volume 4, No, 
4: 493-503. 
 
Ott M, et al. Bioelectrical impedance analysis as a predictor of survival in patients with human immunodeficiency 
virus infection. Journal of Acquired Immune Deficiency Syndrome and Human Retrovirology 1995: 9:20-25.  
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Body Capacitance (C) 
 

 
 
Body capacitance is the total energy storage capacity of the body cell mass compartment. A high capacitance is 
an indicator of large quantities of intact cellular membranes. A low capacitance indicates lower quantities of 
intact cellular membranes. Capacitance is determined by the number and quality of cell membranes contained 
within the body cell mass department.  
 
Body capacitance causes the effect on an electrical current in the body that is called reactance. The 
bioimpedance analyzer measures the effect of the stored charge on an electrical current (reactance) instead of 
measuring the stored charge directly.  
 
In general, capacitance and reactance track each other. A high capacitance or high reactance indicates large 
quantities of intact cellular membranes.  
 
It is important to note that capacitance is related to quantity of body cell mass as well as its quality. A large 
body cell mass compartment with a low intact cell-density might have the same capacitance as a small body cell 
mass with a high intact cell-density. So, it is possible to see a decline in capacitance due to weight loss in an 
otherwise healthy patient. 
 
Specifically, the formula for capacitance (C) in terms of measured reactance and resistance is:  
 

C = 107 / π * X / (X2 + R2)  
 
The analyzer provides capacitance as a handy alternative to reactance for practitioners accustomed to using 
body capacitance in their practices.  
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Fat-Free Mass (FFM) 
 
Fat-free mass, also called lean body mass, is the total amount of nonfat (lean) parts of the body. It consists of 
approximately 73% water, 20% protein, 6% mineral, and 1% ash. Fat-free mass contains virtually all the 
body's water, all the metabolically active tissues, and is the source of all metabolic caloric expenditure.  Fat-free 
mass is further divided into body cell mass and extracellular mass. 
 

 

 

Body Cell Mass (BCM) 
 
Body cell mass contains the metabolically active (living cells) components of the body, including muscle cells, 
organ cells, blood cells and immune cells. BCM includes the "living" portion of fat cells but not the stored fat 
lipids and also includes the water inside living cells called intracellular water. The main electrolyte of 
intracellular water is potassium.  

 

Extracellular Mass (ECM) 
 
Extracellular mass contains the metabolically inactive parts of the body components including bone, minerals, 
and blood plasma. ECM also includes water contained outside living cells called extracellular water. The main 
electrolyte of extracellular water is sodium. 

 

Fat Mass (FM) 
 
Fat mass is the total amount of stored lipids in the body and consists of subcutaneous fat and visceral fat.  
Subcutaneous fat is located directly beneath the skin.  Subcutaneous fat serves as an energy reserve and as 
insulation against outside cold.  Visceral fat is located deeper within the body.  Visceral fat serves as an energy 
reserve and as a cushion between organs.  
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ECM/BCM Ratio 
 
The ECM/BCM ratio is the ratio of extracellular mass to body cell mass. Fat-free mass consisting of 50% 
extracellular mass and 50% body cell mass has an ECM/BCM ratio of 1.0. ECM/BCM typically ranges from 0.8 to 
2.0, or a 55% to 33% proportion of body cell mass to fat-free mass respectively.  
 
Practitioners use ECM/BCM to relate the amount of body cell mass to total fat-free mass. In this way, the 
ECM/BCM ratio can be used as an alternative to phase angle.  
 

 

Basal Metabolic Rate (BMR) 
 
Basal metabolic rate (BMR) is the number of calories metabolized at rest during 24 hours and is the key to 
effective weight management.  For a typical patient, BMR accounts for more than ninety percent of their total 
daily expenditure – more than ninety percent of calories are burned while the patient is at rest. 
 
The basal metabolic rate is determined by fat-free mass since only fat-free mass metabolizes.  The formula is a 
simple one - the larger a patient’s fat-free mass, the greater the rate of caloric expenditure.  
 
The equation used by the analyzer to predict BMR, based upon Grande and Keys (1), is as follows: 
 

BMR (calories/day) = 14.15 * Fat-Free Mass (lb) 
 
Converted to metric, the equation is as follows: 
 

BMR (calories/day) = 31.2 * Fat-Free Mass (kg) 
 
While caloric expenditure is elevated during exercise and occupational activity, the main benefit of exercise is 
the maintenance of fat-free mass.  More fat-free mass means greater caloric consumption all day long, even 
when the patient is asleep! 
 
Dieting alone may cause a reduction in fat-free mass, and can actually reduce the body’s ability to burn 
calories.  The holy grail of weight management is to maintain or increase fat-free mass.  This is not always 
possible during periods of weight loss.  So the goal is to minimize reduction of fat-free mass.  A typical patient 
will experience a loss of 0.45 pounds of fat-free mass and 0.55 pounds of fat mass for each pound of weight 
loss while dieting without maintenance exercise. 
 

Reference: 
 

1. Grande F, Keys A. Body weight, body composition, and calorie status. In R. S. Goodhart and M. E. Shils, eds. Modern 
nutrition in health and disease, 27, 1980. Philadelphia: Lea & Febiger. 

 



Clinician Desk Reference Chapter 3:  Measurements and Calculations 
 

www.biodyncorp.com 19 

Body Mass Index (BMI) 
 
The obesity guideline from the National Heart, Lung, and Blood Institute of the National Institutes of Health 
proposes that practitioners use body mass index (BMI) to assess patients because the index is simple, 
correlates to fatness, and applies to both men and women. 
 
Body mass index is a relationship between weight and height that is associated with body fat and health risk. 
 
The equation used to calculate body mass index is as follows: 
 

Body Mass Index = Weight in kilograms / (Height in meters)2 
 

Converted to English, the equation is as follows: 
 
Body Mass Index = Weight in pounds / (Height in inches)2 * 704.5 

 
Body Mass Index Classifications  
The National Heart, Lung, and Blood Institute proposes the following classifications of health using body mass 
index: 
 

Body Mass Index Classification 

Less than 18.5 Underweight 
18.5 to 24.9 Normal 
25.0 to 29.9 Overweight 
30.0 to 34.9 Obese Class I 
35.0 to 39.9 Obese Class II 
40.0 or greater  Extremely Obese 

 
Health Risks  
Research has identified the health risk associated with a wide range of body mass index values: 
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Limitations  
While a useful tool, using BMI to assess a patient’s weight has limitations. For example, it does not take frame 
size into account, so some individuals may be considered overweight even if they do not have excessive body 
fat. As a result, there are several types of individuals for which BMI is not always a good predictor of 
overweight, including: 
 

• Children and teens, because BMI ranges are based on adult heights.   
• Competitive athletes and bodybuilders, because heavier muscle weight may skew results.   
• Pregnant or nursing women, because they need more fat reserves than usual.   
• People over 65, because even BMI values of 29 may not be unhealthy at this age. 

 

References: 
 

Bedogni G, et al. Is body mass index a measure of adiposity in elderly women? Obesity Research, 2001 Jan;9(1):17-
20. 
 
Gallagher DG, et al. Healthy percentage body fat ranges: an approach for developing guidelines based on body mass 
index. American Journal of Clinical Nutrition, 2000;72:694-701. 
 
Guo SS, et al. Body mass index during childhood, adolescence and young adulthood in relation to adult overweight 
and adiposity: the Fels Longitudinal Study. International Journal of Obesity and Related Metabolic Disorders, 2000 
Dec;24(12):1628-35. 
 
Micozzi MS, Harris TM. Age variations in the relation of body mass indices to estimates of body fat and muscle mass. 
American Journal of Physical Anthropology, 1990 Mar;81(3):375-9. 
 
Pasco JA. Body fat estimated from anthropometric and electrical impedance measurements. Human Nutrition: Clinical 
Nutrition, 1985 Sep;39(5):365-9. 
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Total Body Water (TBW) 
 
Water is contained in fat-free mass.  It consists of two compartments - intracellular water (ICW) and 
extracellular water (ECW). 
 

 

 

Intracellular Water (ICW) 
 
The intracellular water is the water contained within the cell.  Healthy cells maintain their integrity and hold 
their fluid inside the cell membrane. 

 

Extracellular Water (ECW) 
 
Extracellular water is the volume of fluid found outside the cells. 

 



 

Chapter 4:  Applying Bioimpedance Analysis (BIA) 
 

Apply the Body Model 
 
Body composition analysis lends itself to a number of modeling techniques. Choose any one or more of the 
following models depending upon the specific needs of your patients.  
 
Two-Compartment Mass Model  
The two-compartment mass model divides the body into Fat-Free Mass and Fat Mass. This simple model is 
useful when evaluating basic nutritional, fitness, and weight management needs of patients. 
 
Three-Compartment Mass Model  
The three-compartment mass model divides the body into Body Cell Mass, Extracellular Mass, and Fat Mass. 
This model is often used in support of nutritional counseling and monitoring changes associated with aging. This 
model is also certainly appropriate for the full range of patients. 
 

          
 
 
One-Compartment Water Model 
The one-compartment water model accounts for Total Body Water (TBW). Total Body Water is the sum of 
Intracellular Water and Extracellular Water and is wholly contained within Fat-Free Mass. Normally, about 73% 
of Fat-Free Mass is water. This simple model is handy for evaluating basic hydration status of patients.  
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Two-Compartment Water Model 
The two-compartment water model divides Total Body Water into Intracellular Water and Extracellular Water. 
This model is often used for the assessment of fluid balance associated with the treatment of conditions in a 
clinical setting.  
 

      
 
Five-Compartment Model 
For a comprehensive picture of fluid and tissue compartments, the five-compartment model divides the body 
into Metabolic Tissue, Intracellular Water, Extracellular Water, Bone Tissue, and Fat Mass. 
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Apply the Impedance Model 
 
We recommend charting both the tissue or fluid compartment and a related impedance measurement. On the 
patient charts, which can be downloaded from our website, you will find places for charting the compartment 
size in kilograms, pounds, or liters and for charting the impedance measurement.  
 
When monitoring:  
 

Compartment Chart 

Fat-Free Mass Resistance 
Body Cell Mass Phase Angle 
Total Body Water Resistance 
Intracellular Water Phase Angle 
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Application Guide 
 

Patients Chart Options 
   
obese BMI, BMR, FFM/WT, 

BCM/WT 
mechanical reduction diet, hormonal reduction diet and 
exercise 

sedentary BMR, FFM/WT, 
BCM/WT 

hormonal reduction diet and exercise 

active BMR, FFM/WT, 
BCM/WT 

maintenance diet and exercise 

athletic BMR, FFM/WT, 
BCM/WT 

performance diet and exercise 

elderly BCM/WT, ECM/BCM re-feeding, modified diet, rehydration vitamin therapy, exercise 
therapy, physical therapy 
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Patients with Obesity 
 
The United States has long recognized obesity as a serious health condition. In February 1985, the National 
Institutes of Health (NIH) in its Consensus Development Conference Statement (1) declared "The evidence is 
now overwhelming that obesity, defined as excessive storage of fat, has adverse effects on health and 
longevity." 
 
Obesity has long been associated with health risks. While the specific mechanisms linking obesity to health risks 
are not fully understood, recent research focusing on genes that express only in fat tissue has shown promise. 
These genes code for hormones associated with insulin resistance and cardiovascular plaques. 
 
The obesity epidemic continues to grow unabated in the United States (2,3). And now, it has become a serious 
health problem in "both developed and developing countries in the Western Pacific Region of the World Health 
Organization" (4). 
 
A useful definition of obesity is "excess fat mass resulting in mechanical or hormonal stress on the 
cardiovascular system, organs, and muscular-skeletal system." 
 
Diagnostic Criteria 
 
Body Mass Index (BMI) of 30 or greater. 

or 

Fat Mass greater than 25 percent for males or greater than 30 percent for females. 
 
Mechanical Reduction  
We recommend a two-step approach to normal function. The first step is weight reduction to relieve mechanical 
stress on body systems. 
 

1. Prescribe a healthy diet. 
2. Measure Basal Metabolic Rate (BMR). 
3. Estimate total daily caloric expenditure = BMR * 1.2. 
4. Set dietary intake = caloric expenditure - 700 calories per day. 
5. Continue diet until BMI = 30. 

 
NOTE: The initial dietary intake for obese patients will appear to be very high. For example, a patient weighing 
300 lb with 40 percent body fat will have a basal metabolic rate of 2550 calories, a total caloric expenditure of 
3060 calories, and a dietary intake of 2360 calories per day. 
 
Hormonal Reduction  
The second step is to decrease the ratio of fat mass to fat-free mass to reduce incidence of fat related 
hormones. 
 

1. Continue with a healthy diet. 
2. Add exercise. 
3. Measure basal metabolic rate and fat-free mass. 
4. Estimate caloric expenditure = BMR * 1.2. 
5. Set dietary intake = caloric expenditure - 500 calories per day. 
6. Continue until percentage fat mass reaches optimal level. 
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Optimal Fat Levels 

Patient's Age Male Female 

   < 20 15 19 
20 - 29 16 20 
30 - 39 17 21 
40 - 49 18 22 
50 - 59 19 23 

         60 + 20 24 
 
NOTE: Exercise is important here because weight loss from dieting alone is comprised of 45 percent fat-free 
mass and 55 percent fat mass per pound. Exercise can alter this ratio to 25 percent fat-free mass and 75 
percent fat mass.  
 

References: 
 

1. NIH Consensus Conference Statement, Health Implications of Obesity. Annals of Internal Medicine, 1985; 103 (6 pt 
2):1073-1077. 

2. Mokdad AH, et al. The spread of the obesity epidemic in the United States, 1991 - 1998. Journal of American Medical 
Association, 1999; 282:1519-1522. 

3. Blackburn GL. Managing obesity in America: An overview. Advanced Studies in Medicine 2002;2(2):40-49. 

4. Regional Office for the Western Pacific of the World Health Organization, the International Association for the Study 
of Obesity and the International Obesity Task Force. The Asia-Pacific perspective: Redefining obesity and its 
treatment. Health Communications Australia Pty. Limited, February 2000. 
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Sedentary Patients 
 
The food industry in the United States produces 3500 calories per capita per day at the same time the daily 
requirement is 2500 calories. Food is abundant, inexpensive, and it tastes good. Spending by food 
manufacturers on advertising and packaging exceeds $70 billion annually. Much of the fast foods consumed are 
nutritionally unbalanced. Combined with a lifestyle that is growing increasingly sedentary it is no wonder that 
many Americans are overfat. 
 
The negative impact of excessive weight on overall health is widely known and reported. However, studies have 
also shown that the health benefits of normal weights appear to be limited to individuals who have moderate or 
high levels of cardiorespiratory fitness (1,2). 
 
While the specific mechanisms linking obesity to health risks are not fully understood, research focusing on 
genes that express hormones only in fat tissue has shown promise. While it cannot yet be said that excess fat 
tissue causes conditions, we know that excess fat mass affects health. Excess fat mass also affects appearance, 
mobility, and job performance. 
 
With the use of bioimpedance analysis (BIA) to monitor key indicators of health and fitness, health care 
practitioners can develop, monitor, and manage diet, nutrition, and exercise programs that lead to improved 
overall physical condition. 
 
Diagnostic Criteria  
 
Body Mass Index (BMI) of 25 to 29.9. 

or 

Fat Mass greater than 20 percent for males or greater than 25 percent for females. 
 
Hormonal Reduction  
Decrease the ratio of fat mass to fat-free mass to reduce incidence of fat related hormones. 
 

1. Prescribe a healthy diet. 
2. Add exercise. 
3. Measure Basal Metabolic Rate (BMR) and fat-free mass. 
4. Estimate caloric expenditure = BMR * 1.2. 
5. Set dietary intake = caloric expenditure - 500 calories per day. 
6. Continue until percentage fat mass reaches optimal level. 

 
Optimal Fat Levels 

Patient's Age Male Female 

   < 20 15 19 
20 - 29 16 20 
30 - 39 17 21 
40 - 49 18 22 
50 - 59 19 23 

         60 + 20 24 
 
NOTE: Exercise is important here because without it weight loss will be comprised of 45 percent fat-free mass 
and 55 percent fat mass per pound. Exercise can alter this ratio to 25 percent fat-free mass and 75 percent fat 
mass.  
 

References: 
 

1. Blair SN, et al. Changes in physical fitness and all-cause mortality. A prospective study of healthy and unhealthy 
men. American College of Physicians Journal Club, 1995 Sep-Oct;123(2):52-3.   

2. Lee CD, Jackson AS, Blair SN. US weight guidelines: Is it also important to consider cardiorespiratory fitness? Journal 
of Obesity and Related Metabolic Disorders, 1998 Aug;22 Supplement 2:S2-7. 
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Active Patients 
 
The benefit of proper diet and physical activity throughout one's life is clear - better health (1). According to 
Professors Evans and Rosenberg (2) from the Human Nutrition Research Center on Aging, by adopting a 
particular pattern of activity and eating, it is possible for virtually anyone to slow the aging process and 
maintain functional capacity and vitality for the longest period of time. 
 
Their research led to the identification of key biomarkers, which can be used to chart the progression of 
sarcopenia, the disease of aging. Bioimpedance analysis (BIA) is a useful tool in monitoring many of these 
parameters. 
 
Normal distributions of mass and fluid compartments are associated with immunity, high function, productivity, 
performance, and longevity. The task of maintaining healthy body weight appears to be a complex task 
involving dozens of important lifestyle choices. Patients are bombarded with competing messages about what to 
eat, how much to eat, which diet is the right one, and the right exercise machine to buy. 
 
In the end, however, fat-free mass and body cell mass in the body tell the entire story. By focusing attention on 
these mass compartments individual lifestyle choices are less crucial per se as long as fat-free mass and body 
cell mass compartments are healthy. 
 

Optimal Fat Levels 
Patient's Age Male Female 

   < 20 15 19 
20 - 29 16 20 
30 - 39 17 21 
40 - 49 18 22 
50 - 59 19 23 

         60 + 20 24 
 

References: 
 

1. Kyle UG, et al. Physical activity and fat-free and fat mass by bioelectrical impedance in 3853 adults. Medicine and 
Science in Sports and Exercise, 2001;33:576-584. 

2. Evans W, Rosenberg IH. Biomarkers. Fireside, 1992. 
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Athletic Patients 
 
It is the position of the American Dietetic Association, Dieticians of Canada, and the American College of Sports 
Medicine that physical activity, athletic performance, and recovery from exercise are enhanced by optimal 
nutrition (1). These organizations recommend appropriate selection of food and fluids, timing of intake, and 
supplement choices for optimal health and exercise performance. 
 
Large (superoptimal) fat-free mass and body cell mass compartments are the hallmark of athletes - the source 
of high function, strength, and endurance. In response to training, the well-nourished body responds by adding 
tissue to these compartments. 
 
A progressive increase in fat-free mass, body cell mass, and phase angle are associated with increasing physical 
performance.  
 
With the use of bioimpedance analysis (BIA) to monitor key indicators of health and fitness (2,3), health care 
practitioners can develop, monitor, and manage diet, nutrition, and exercise programs that lead to improved 
overall physical condition.  
 

References: 
 

1. Position of the American Dietetic Association, Dietitians of Canada, and the American College of Sports Medicine. 
Nutrition and athletic performance. Journal of American Dietetic Association, 2000;100:1543-1556. 

2. Chapman R, et al. Body composition testing of athletes in the field using bioelectric impedance analysis. Alaska Med., 
1992 Apr-Jun;34(2):87-90,95. 

3. Fornetti WC, et al. Reliability and validity of body composition measures in female athletes. Journal of Applied 
Physiology, 1999 Sep;87(3):1114-22. 
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Elderly Patients 
 
Loss of body mass is a hallmark of aging, with loss of 40 percent or more of fat-free mass being incompatible 
with life. The terms wasting, cachexia, and sarcopenia are often used to describe and differentiate types of 
weight loss. 
 
Wasting is the unintentional loss of weight including both fat and fat-free compartments, and is driven largely 
by inadequate dietary intake. Cachexia on the other hand, refers to loss of fat-free mass and especially body 
cell mass but with little or no weight loss, and is related to increased protein degradation. Sarcopenia refers to 
loss of muscle mass specifically and seems to be an intrinsic age-related condition. 
 
Sarcopenia, the loss of muscle mass and strength with age, is becoming recognized as a major cause of 
disability in the elderly population. Sarcopenia is part of normal aging and does not require a disease to occur 
although muscle wasting is accelerated by chronic diseases. Sarcopenia is thought to have multiple causes - 
neurological, hormonal, nutritional, and physical activity-related changes with age.  
 
Declines are due primarily to alterations in the body cell mass compartment. This compartment is functionally 
the most important compartment in determining energy expenditure, protein needs, and metabolic response to 
physiologic stress. Candidate mechanisms include loss of alpha motor neurons in the spine, loss of endogenous 
growth hormone production, dysregulation of cytokines, loss of estrogen and androgen production, inadequate 
protein intake, and reduced physical activity leading to a reduction in the number and size of type II muscle 
fibers. In aging, of the subcompartments of body cell mass, it is muscle cell mass that declines to the greatest 
extent. 
 
According to Guo et al (1) "understanding the scope of the age-related changes in body composition and the 
factors associated with them in healthy adults will help to improve our knowledge and understanding of these 
processes and assist in the prevention of functional limitations and in the management of health status into old 
age.” 
 
A condition often found in the elderly is protein-energy malnutrition (2). Early detection combined with 
nutritional support can prevent or significantly improve chronic conditions associated with age-related 
malnutrition. A key element of nutritional assessment is the monitoring of body composition. Bioimpedance 
analysis (BIA) has been found to be a useful method for estimating body composition in the elderly (3,4,5). 
 

References: 
 

1. Guo SS, et al. Aging, body composition, and lifestyle: the Fels Longitudinal Study. American Journal of Clinical 
Nutrition, 1999; 70: 405-11. 

2. Omran ML, Morley JE. Assessment of protein energy malnutrition in older persons, part I: History, examination, body 
composition, and screening tools. Nutrition, 2000 Jan;16(1):50-63. 

3. Berger VA, et al. Reproducibility of body composition and body water spaces measurements in healthy elderly 
individuals. The Journal of Nutrition, Health & Aging, 2000;4(4):24305. 

4. Hughes VA, Evans WJ. Assessment of fat-free mass in an older population using bioelectrical impedance. Federation 
Proceedings, 46(4), 1987. 

5. Roubenoff R, et al. Nutrition assessment in long-term care facilities. Nutrition Review, 1996 Jan;54(1 Pt 2):S40-2. 
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Clinical Trials 
 
The use of bioimpedance assessment (BIA) to evaluate the effectiveness of treatment strategies for various 
health conditions is widespread. 
 
Several pharmaceutical companies incorporate BIA testing in their clinical trials to track its effect on lean body 
mass and body cell mass. A number of companies use BIA in their clinical trials to monitor changes in total body 
water. 

 

Research Initiatives 
 
Bioelectrical impedance analysis (BIA) measures the opposition of body cells and tissues to the flow of a 
radiofrequency alternating electric current. The voltage drop between electrodes provides a measure of 
impedance, which is low in lean tissue and high in fat tissue and bones. Impedance is the vector sum of the 
resistance or conductive characteristics of body tissues and the reactance or opposition due to the capacitance 
of cell membranes, tissue interfaces, and non-ionic substances. 
 

Reference: 
 

Ellis J, et. al. Bioelectrical impedance methods in clinical research: a follow-up to the NIH technology assessment 
conference. Nutrition, Volume 15, Nos. 11/12, 1999. 
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Chapter 5:  BIA 450 Bioimpedance Analyzer 
 

Overview 
 
The BIA 450 Bioimpedance Analyzer is a portable, battery-powered bioimpedance (BIA) analyzer. Patient 
assessments are conducted using a connection between the analyzer and the wrist and ankle of the patient. 
Connections to the patient are through standard ECG sensor pad electrodes. Resistance and reactance, the two 
components of impedance, are measured directly from the body. Using regression analysis the analyzer 
computes: 
 

Resistance (R) 
Reactance (X) 
Phase Angle (α) 
Body Capacitance (C) 
 
Fat-Free Mass (FFM) 
Body Cell Mass (BCM) 
Extracellular Mass (ECM) 
Fat Mass (FM) 
 
ECM/BCM 
Body Mass Index (BMI) 
Basal Metabolic Rate (BMR) 
 
Total Body Water (TBW) 
Intracellular Water (ICW) 
Extracellular Water (ECW) 
TBW/Fat-Free Mass 
TBW/Total Weight 

 
Results are printed using the analyzer's built-in thermal printer. The analyzer is powered by a rechargeable  
battery pack. Carrying case, battery charger, patient cable, sensor pad electrodes, print rolls, and user's guide  
are included. 
 

The BIA 450 Bioimpedance Analyzer does not diagnose disease, or recommend treatment regimens, or 
quantify treatment effectiveness.  Only a qualified health care professional can make these judgments. 
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Accuracy 
 
Measuring resistance and reactance in the human body requires a sophisticated technological approach. For 
many bioimpedance meters, the accuracy of the resistance and reactance measurements varies greatly 
depending on the combination of resistance and reactance the meter sees.  
 
The BIA 450 meter accurately measures resistance and reactance at all combinations of resistance and 
reactance found in the human body.  
 
Resistance (R): range 0 to 1500 ohms 
 resolution 0.1 ohm  
 accuracy 0.1 percent ± 0.1 ohm 
 frequency 50 kilohertz 
   
Reactance (X): range 0 to 300 ohms 
 resolution 0.1 ohm 
 accuracy 0.2 percent ± 0.1 ohm 
 frequency 50 kilohertz 
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Comparative Accuracy 
 
Meters in other leading bioimpedance analyzers can produce large amounts of error. In addition, the error is not 
uniform and varies depending upon measured resistance, measured reactance, or both. 
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Regulatory Certification 
 

FDA 
Our bioimpedance devices have been registered with the FDA to assess changes in electrical tissue conductivity 
in order to analyze body composition. 
 

Safety Tests 
Safety tests have been performed on our analyzers in accordance with applicable requirements of the Safety 
Standard for Medical Electrical Equipment (i.e. IEC 601-1). 
 
Our analyzers also meet the intent of Directive 89/336/EEC for Electromagnetic Compatibility. Compliance was 
demonstrated with regard to the following specifications as listed in the official Journal of the European 
Communities:  
 
EN 55011 Class A  Radiated and Conducted Emissions 
EN 60601-1-2 (1993)  Immunity 

IEC 801-2 Electrostatic Discharge  
IEC 801-3 Radiated Susceptibility  
IEC 801-4 Electrical Fast Transient Burst 
IEC 801-5 Surge 
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Studies 
 
The BIA 450 was developed by a team of scientists and engineers who have been designing body composition 
products for over twenty five years. Thousands of analyzers built by this team are in use by health care 
practitioners throughout the world. The use of this equipment is supported by clinical research. Some of the 
studies that have been published using their equipment include: 
 
Allison GT, et al. The effect of body position on bioelectrical resistance in individuals with spinal cord injury. 
Disability and Rehabilitation, 1995; 17:424-429. 
 
Antonio JA, et al. Effects of a standardized guggulsterone phosphate supplement on body composition in 
overweight adults: A pilot study. Current Therapeutic Research, April 1999; Vol. 60, No. 4; 220-227. 
 
Cano M, et al. Body composition assessment in patients with chronic renal failure. Nutrición Hospitalaria, 2010; 
25(4); 682-687. 
 
Cerit S, et al. Alteration in body composition of female players in a third league volleyball bout. Ovidius 
University Annals, Series Physical Education and Sport/Science, Movement and Health, 2010; Issue 2; 440-443. 
 
Colker CM, et al. Effects of citrus aurantium extract, caffeine, and St. John's Wort on body fat loss, lipid levels, 
and mood states in overweight healthy adults. Current Therapeutic Research, March 1999; Vol. 60, No. 3; 145-
153. 
 
Dasdag S, et al. Bioelectrical parameters of people exposed to radiofrequency in workplace and houses provided 
to workers. Dicle University, Medical Faculty, Department of Biophysics, 2008; 859-863. 
 
Fah OK. Body composition for female Malaysian population using bioelectrical impedance analysis. Department 
of Biomedical Engineering, University of Malaya, 2006. 
 
Fisac C, et al. A Comparison of the Effects of Nevirapine and Nelfinavir on Metabolism and Body Habitus in 
Antiretroviral-Naive Human Immunodeficiency Virus-Infected Patients: A Randomized Controlled Study. The 
Journal of Clinical Endocrinology & Metabolism, 2003; 88(11):5186-5192. 
 
Fisac C, et al. Metabolic benefits 24 months after replacing a protease inhibitor with abacavir, efavirenz or 
nevirapine. AIDS, 2005; 19(9):917-925. 
 
Hageman PA, et al. Comparison of two physical activity monitors during a 1-mile walking field test. Journal of 
Exercise Physiology Online, 2004; 7(3):102-110. 
 
Heber D, et al. Clinical detection of sarcopenic obesity by bioelectrical impedance analysis. American Journal of 
Clinical Nutrition, 1996; 64 (supplement 3); 472S-477S. 
 
Ibrahim F, et al. Modeling of hemoglobin in dengue fever and dengue hemorrhagic fever using bioelectrical 
impedance. Institute of Physics Publishing, 2004; 607-615. 
 
Kalman D, et al. The effects of pyruvate supplementation on body composition in overweight individuals. 
Nutrition, May 1999; Vol. 15, No. 5; 337-340. 
 
Kral T, et al. Combined effects of energy density and portion size on energy intake in women. American Journal 
of Clinical Nutrition, 2004; 79:694-701. 
 
Lauenborg J, et al. The prevalence of the metabolic syndrome in a Danish population of women with previous 
GDM is 3-fold higher than the general population. The Journal of Clinical Endocrinology & Metabolism, 2005, 
10.1210/jc. 2004-1713. 
 
Levenhagen DK, et al. A comparison of air displacement plethysmography with three other techniques to 
determine body fat in healthy adults. Journal of Parenteral and Enteral Nutrition, September-October 1999; Vol. 
23, No. 5; 293-299. 
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Lin KH, et al. Anthropometric measurement, body composition and basal metabolic rate in the normal weight 
and the obsessed young females. Journal of the Physical Therapy Association of the Republic of China, 
September 1995; Vol. 20, No. 2; 110-120. 
 
Mattar JA, et al. Application of total body bioimpedance to the critically ill patient. New Horizons, 1995, Vol 4., 
No. 4; 493-503. 
 
Mohamad M, et al. Prevalence of dyslipidaemia in non-insulin-dependent diabetic patients attending armed 
forces clinics in Kuala Lumpur. Asia Pacific Journal of Clinical Nutrition. 1997;6(3):203-206. 
 
Mohktar MS, et al. Effects of abnormal total cholesterol level on body composition parameters. World Congress 
on Medical Physics and Biomedical Engineering, August 2006; Vol. 14; 3767-3769. 
 
Rahim HA, et al. Model order selection criterion for monitoring haemoglobin status in dengue patients using 
armax model. International Journal on Smart Sensing and Intelliigent Systems, June 2008; Vol. 1, No 2; 403-
419. 
 
Rolls BJ, et al. Energy density but not fat content of foods affected energy intake in lean and obese women. 
American Journal of Clinical Nutrition, 1999; Vol. 69; 863-871. 
 
Sales S, et al. Phase Angle from bioimpedance measures is an indicator of nutritional status in HIV disease. 
XVII International AIDS Conference, 2008. 
 
Santos R, et al. Failure of a single nutrition counseling session for climacteric women. International Journal of 
Nutrology, Jan/Apr 2012; 5(1); 43-49. 
 
Udani J, et al. Blocking carbohydrate absorption and weight loss: a clinical trial using phase 2 brand proprietary 
fractionated white bean extract. Alternative Medicine Review, 2004; 9(1):63-69. 
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Sample Printout 

 
 
 
*****    BIOIMPEDANCE ANALYSIS     **** 
 
Date:  11/17/22         Time:  03:13 pm 
 
 
Patient: __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __  
 
Sex:  Male           Height:   71.5 in 
Age:  39             Weight:  178.0 lbs 
 

MEASUREMENT RESULTS 
 
Phase Angle:                    7.4 o 
Body Capacitance:               755 pF 
 
Resistance:                   535.7 ohms 
Reactance:                     69.2 ohms 
  
Mass Distribution        lbs     percent 
-----------------       -----    ------- 
Body Cell Mass:          67.5       37.9 
Extracellular Mass:      68.7       38.6 
                        -----      ----- 
Lean Body Mass:         136.2       76.5 
Fat Mass:                41.8       23.5 
                        -----      ----- 
Total Weight:           178.0      100.0 
 
ECM/BCM:                 1.02 
Body Mass Index:         24.5 
Basal Metabolic Rate:    1925       cals 
 
Water Compartments     liters    percent 
------------------     ------    ------- 
Intracellular Water:     26.0       59.0 
Extracellular Water:     18.1       41.0 
                        -----      ----- 
Total Body Water:        44.1      100.0 
 
TBW/Lean Body Mass:                 71.4 
TBW/Total Weight:                   54.6 
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Photo 
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Sensor Pad Electrodes 
 

            
 
 

Accessories 
 

 
 
 

Service Warranty 
 
Your analyzer is warranted against defects in material or workmanship for one year from date of original 
purchase. In the event of any defect covered by our warranty, your product will be repaired and promptly 
returned to you. 
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Technical Specifications 
 

Bioelectrical Impedance Measurements 
sensor pads disposable ECG pads with tabs  
  
resistance range 0 to 1500 ohms 

resolution 0.1 ohm 
accuracy 0.1 percent ± 0.1 ohm  

  
reactance range 0 to 300 ohms 

resolution 0.1 ohm 
accuracy 0.2 percent ± 0.1 ohm  

  
phase angle range 0 to 20 degrees 

resolution 0.1 degrees 
accuracy 0.2 percent ± 0.1 degrees  

  
body capacitance 50 to 8000 picofarads  

resolution 1.0 picofarads 
accuracy 0.2 percent ± 1 picofarad  

  
test current 50 kilohertz sine wave, less than 1 milliampere  
  
technology orthogonal correlation and integration (resistance and reactance are measured 

independently and separately)  

  

Regression Analyses 
fat-free mass SEE = 1.4 kg, r = 0.97  
  
body cell mass SEE = 1.5 kg, r = 0.75  
  
total body water SEE = 1.7 liters, r = 0.98  
  

General  
microprocessor 12 MHz Intel 80C31 CMOS  
  
battery rechargeable battery pack 

8.4 volts nominal voltage 
full charge lasts over 100 tests and printouts 

  
display 2 rows, 40 column, liquid crystal  
  
printer built-in, 40 column, thermal  
  
clock/calendar built-in, battery-backed  
  
dimensions H  - 3.25 in (8.3 cm) 

L  - 8.5 in (21.6 cm) 
W - 12.5 in (31.8 cm) 

  
weight 4 lb (2 kg) approx. net 

10 lb (4.5 kg) approx. shipping  
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Chapter 6:  BIA in Practice 
 

Insurance Reimbursement 
 
Is Bioimpedance Testing Reimbursable?  
 
Category III CPT code 0358T has been assigned by the American Medical Association for whole body 
bioimpedance testing.  In addition to CPT code 0358T, bioimpedance testing is often reimbursable under 
established Category I CPT codes for general office visits, services and patient evaluations. 
 
Ultimately, reimbursement will depend on the policies of each insurance carrier. As a result, we recommend 
working directly with the insurance company to identify the most appropriate CPT code for a successful 
reimbursement claim. 
 
 

CPT Codes 
 
Bioelectrical Impedance Analysis  
0358T Whole body composition assessment, supine position, with interpretation and report 
 
Office or Other Outpatient Services (Office Visit) 
99202 Evaluation and Management of new patient – 20 minutes  
99203 Evaluation and Management of new patient – 30 minutes 
99212 Evaluation and Management of established patient – 10 minutes 
99213 Evaluation and Management of established patient – 15 minutes 
99214 Evaluation and Management of established patient – 25 minutes 
 
Preventative Medicine Counseling 
99401 Preventive Medicine Counseling/Risk Factor Reduction – 15 minutes 
99402 Preventive Medicine Counseling/Risk Factor Reduction – 30 minutes 
99403 Preventive Medicine Counseling/Risk Factor Reduction – 45 minutes 
 
Special Services, Supplies and Materials  
99070 Supplies and materials 
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Chapter 7:  Working with Patients 
 

Pre-Test Preparation 
 
To ensure best results ask your patients to observe the following pre-test guidelines: 
 
No alcohol consumption within 24 hours prior to taking the test.  
No exercise, caffeine or food within 4 hours prior to taking the test. 
Drink 2 to 4 glasses of water 2 hours prior to taking the test. 
 
The conductive medium in the body is water. Standardizing pre-test preparation of patients will reduce the 
influence of temporary dehydration on test results.  

 

Test Position 
 
Follow these steps to position the patient: 
 

1. Instruct the patient to remove their right shoe and stocking.  
2. The patient should lay on their back on a non-conductive surface. This can be an examination table, 

bench, or mat. 
3. Have the patient relax and place their head back. 
4. Feet should be 12 to 18 inches apart. The upper-inner thighs should not be touching. If necessary, 

increase the distance between the feet. 
5. Hands should be 6 or more inches from the sides. The upper-inner arm should not be touching the 

torso. If necessary increase the distance between the hands and sides. 

 

Placing the Sensor Pads 
 
Follow these steps to attach sensor pads to the patient: 
 

1. Placement of sensor pads. 
 

Two pairs of sensor pads are placed on the patient - one on the right wrist and hand and the other on 
the right foot and ankle.  
 
To position the wrist pad, draw or visualize a line connecting the two prominent wrist bones (heads of 
radius and ulna).  Place the pad midway between the bones on the wrist with one-half above and one-
half below the line.  The tab faces outwards away from the body. 
 
Place the hand pad with the edge of the pad about one-half inch above the knuckle line toward the 
middle of the hand. The tab faces outward from the body. 
 
To position the ankle pad, draw or visualize a line over the crest of the ankle and connecting the 
prominent ankle bones (lateral and medial malleoli).  Place the pad on this line at the ankle crest with 
one-half of the pad below the line and one-half the pad above the line. 
 
Place the foot pad with the edge approximately one inch above the toe line toward the middle of the 
foot. The tab faces outward from the body. 
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• Remember: Red clips closest to the heart. 
• Remember: All measurements should be performed on the RIGHT side of the body. 

 
2. Good electrode-to-skin adherence. 

  
Proper electrode-to-skin adherence means that at least 75% of the electrode has contact with the 
patient's skin. For patients with a large amount of body hair, an electrode gel and/or tape may be 
required to ensure proper contact.  

 
3. Sensor cable hookup. 

  
Connect the sensor cable set into the back of the analyzer. Fully extend the cable set. Remove any 
coils.  
 
Connect a pair of cable clips to the hand and foot. The red clips are attached to the pads at the wrist 
and ankle joints. The black clips are attached to the pads above the knuckles and toes. 

  
4. Alternative positions. 

  
Although the standard protocol calls for testing patients while in the supine position, alternative 
positions are acceptable. Patients may be tested while in a seated or standing position. Readings of 
resistance (R) are slightly lower (5 - 10 ohms standing, 20 - 25 ohms sitting) in these positions, due to 
skeletal compression. These positions will yield slightly higher fat-free mass, body cell mass, and phase 
angle measurements compared to measurements in the supine position. 
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Conducting a Test 
 
Follow these steps to conduct a test: 
 

1. Turn the analyzer on. 
2. Press the DATA key. 
3. Enter patient data: gender, age, height, and weight. 
4. Review sensor pad placement and cable set connections.  
5. Press the TEST key. Confirm the patient is lying still. Press the TEST key again. The patient feels 

nothing, and in a few seconds the test is complete. 
6. The analyzer shows the test results on its display.  
7. Press the PRINT key and the analyzer prints out test results. 

 
If patient data was entered erroneously you can correct the data, recalculate and print/reprint test results 
without reconnecting the patient or repeating the test. To correct the patient report, press the DATA key to 
review and edit the subject data. Press the PHASE key twice and jot down the measured resistance (R) and 
reactance (X) or refer to resistance and reactance on the printout if available.  Press the TEST key followed by 
the ENTER key and enter the measured resistance and reactance. Press TEST or ENTER, and the results will be 
recalculated. Press PRINT to print/reprint the results. 

 

Precautions 
 
Bioimpedance testing is clinically proven and safe. Powered by rechargeable batteries, analyzers apply a test 
current of less than one milliampere (800 µA). This test current is below the patient’s sensory level. 
 
The test current (800 µA at 50 kHz) is below the Association for Advancement of Medical Instrumentation's 
(AAMI) standard (ES1-1985), for "Safe Current Limits." 
 
However, we recommend that bioimpedance testing not be performed on the following patients without 
physician supervision: 
 
Persons To Be Tested Only With Physician Supervision 
  

• Pregnant women 
• Persons with any implantable electronic device 
• Persons with diagnosed heart problems 

 
No historical or clinical evidence has suggested that bioimpedance testing is unsafe for pregnant women or 
persons with preexisting heart conditions. However, an extra measure of caution is always warranted in these 
cases and is recommended. 
  
While there is no historical or clinical evidence that pacemakers are affected by bioimpedance testing, 
pacemaker manufacturers recommend that persons with pacemakers should avoid external electrical currents. 
Bioimpedance testing will not damage a pacemaker. 
 
Possible Effect of External Electrical Currents On Pacemakers 
  

• The pacemaker may temporarily stop. 
• The pacemaker may temporarily revert to a preset rate which is used when the voltage level of the 

heart is not able to be measured. 
• The pacemaker may temporarily interpret an inaccurate voltage level within the heart, causing the pace 

rate to decrease or increase. 
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Understanding the Printout 
 

Phase Angle (α)  
Capacitance in the human body due to intact cellular membranes causes a lag between potential and current in 
the human body when stimulated by a 50 kilohertz alternating current. This lag is proportional to the number of 
intact cellular membranes and is called the phase angle.  
 
Phase angles for adults range from 3 to 15 degrees, with normal values of 6 to 8 degrees. A low phase angle is 
consistent with low reactance, the inability of cells to store energy and an indication of breakdown in the 
selective permeability of cell membranes. A high phase angle is consistent with high reactance, an indication of 
large quantities of intact cell membranes and body cell mass.  
 
Monitoring phase angle is highly recommended because its value is proportional to cellular health regardless of 
a patient's weight, whether weight is increasing or decreasing, and because it can be used to compare the 
health of two or more individuals.  
 
The phase angle is determined by the measurement of reactance and resistance, and a calculation using the 
formula for the phase angle.  
 

Body Capacitance (C)  
Body capacitance is the absolute amount of energy storage of the body due to intact cellular membranes. A 
high capacitance indicates large amounts of intact cellular membranes. A low capacitance indicates lower 
amounts.  
 
Capacitance is proportional to the size of the body cell mass compartment or number of cells and to the 
integrity of cellular membranes. Increasing capacitance is always good because it represents an increase in the 
number of cells, their quality, or both. However, if capacitance is decreasing, it is important to remember that 
this may be due to a decrease in body cell mass related to weight loss in an otherwise healthy patient.  
 
Capacitance in the body affects the flow of alternating current. This effect is called reactance. By measuring 
reactance, the amount of capacitance in the body can be determined.  
 
Units of capacitance are called picofarads. Values range from 200 to 1500 picofarads (pF), with normal values 
of 500 to 1000 pF. High capacitance (C) causes high reactance (X).  
 

Resistance (R)  
Resistance is the effect on an alternating current that is caused by resistivity or the energy dissipating 
characteristics of the body. Resistance is measured directly from the human body by the bioimpedance 
analyzer.  
 
A low resistance is consistent with large amounts of fat-free mass. A high resistance is consistent with low 
amounts of fat-free mass.  
 
Resistance is related to water in the body. Electrolytic fluid consisting of water and charged ions contained in 
the body's fat-free mass readily conducts electrical current. Extracellular fluid (water and ionized sodium Na+) 
provides a low-resistance pathway. Intracellular fluid (water and ionized potassium K+) also provides a low-
resistance pathway. Low resistance, indicating high conductivity, is due to large amounts of water in the body. 
Since water is contained solely within fat-free mass, resistance in the body is proportional to the amount of fat-
free mass. Units of measurement are called ohms, after the physicist.  
 

Reactance (X)  
Reactance is the effect on an alternating current that is caused by the presence of capacitance or the energy 
storage characteristic of the body due to intact cell membranes. Reactance is measured directly by the 
analyzer. By measuring reactance, it is possible to determine the body's capacitance and the size and integrity 
of the body cell mass compartment. Units of measurement are called ohms after the physicist.  
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Body Cell Mass (BCM)  
Body cell mass contains the metabolically active (living cells) components of the body, including muscle cells, 
organ cells, blood cells and immune cells. BCM includes the "living" portion of fat cells but not the stored fat 
lipids and also includes the water inside living cells called intracellular water. The main electrolyte of 
intracellular water is potassium.  
 

Extracellular Mass (ECM)  
Extracellular mass contains the metabolically inactive parts of the body components including bone, minerals, 
and blood plasma. ECM also includes water contained outside living cells called extracellular water. The main 
electrolyte of extracellular water is sodium.  
 

Fat-Free Mass (FFM)  
Fat-free mass, also called lean body mass, is the total amount of nonfat (lean) parts of the body. It consists of 
approximately 73% water, 20% protein, 6% mineral, and 1% ash. Fat-free mass contains virtually all the 
body's water, all the metabolically active tissues, and is the source of all metabolic caloric expenditure.  
 

Fat Mass (FM)  
Fat mass is all the extractable lipids from adipose and other tissues in the body.  

 

ECM/BCM  
The ratio of extracellular mass to body cell mass. A low value is desirable and indicates a high ratio of body cell 
(living) mass to extracellular (non-living) mass. Normal values are typically near 1.0, indicating a 50/50 
distribution of body cell mass and extracellular mass.  
 

Body Mass Index (BMI)  
A commonly used index of body composition equal to the ratio of the body's weight in kilograms to the square 
of height in meters.  
 

Basal Metabolic Rate (BMR)  
Basal metabolic rate is the number of calories consumed at a normal resting state over a 24-hour period. BMR 
is based solely on an individual's fat-free mass.  
 

Intracellular Water (ICW)  
Intracellular water is the water volume of the body cell mass.  
 

Extracellular Water (ECW)  
Extracellular water is the water volume outside of the body cell mass.  
 

Total Body Water (TBW)  
Total body water is the sum of ICW and ECW. It is the amount of water contained in the body.  
 

TBW/FFM  
The percentage of fat-free mass that is water. 
 

TBW/Total Weight  
The percentage of total weight that is water. 
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Unexpected Results 
 
If you receive unexpected results, please follow this troubleshooting procedure (be sure to print out a report 
from the analyzer for your reference): 
 

1. Confirm proper data input and settings. 
 

a. Correct sex input (i.e. male versus female). 
b. Proper measurement units for height (i.e. inches versus centimeters). 
c. Proper measurement units for weight (i.e. pounds versus kilograms). 
d. Accurate height (i.e. inches versus feet; enter “69.5” inches for a patient that is 5 foot 9.5 inches). 

 
2. Confirm that the patient observed the pre-test protocol. 

 
Did your patient observe the following guidelines? 

 
a. No alcohol consumption within 24 hours of taking the test. 
b. No exercise, caffeine or food for four hours prior to taking the test.  
c. Drink plenty of water in the 24 hour period prior to testing to maintain normal hydration. 

 
The conductivity of an individual's lean body mass depends on its water content. Therefore, hydration 
levels will affect resistance readings. Alcohol can cause temporary dehydration. Caffeine and some 
medications including diuretics can also cause temporary dehydration.   
 
NOTE: Patient hydration can be reviewed by checking the total body water. Normal hydration levels 
indicate that lean weight contains approximately 69% to 74% water. Total body water reading less than 
69% of the patient's lean weight may indicate dehydration. 

 
3. Check for proper electrode placement. 

 
Two pairs of sensor pads are placed on the patient - one on the right wrist and hand and the other on 
the right foot and ankle.    
 
To position the wrist pad, draw or visualize a line connecting the two prominent wrist bones (heads of 
radius and ulna).  Place the pad midway between the bones on the wrist with one-half above and one-
half below the line.  The tab faces outwards away from the body. 
 
Place the hand pad with the edge of the pad about one-half inch above the knuckle line toward the 
middle of the hand. The tab faces outward from the body. 
 
To position the ankle pad, draw or visualize a line over the crest of the ankle and connecting the two 
prominent ankle bones (lateral and medial malleoli).  Place the pad on this line at the ankle crest with 
one-half of the pad below the line and one-half the pad above the line. 
 
Place the foot pad with the edge approximately one inch above the toe line toward the middle of the 
foot. The tab faces outward from the body. 
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• Remember: Red clips closest to the heart. 
• Remember: All measurements should be performed on the RIGHT side of the body. 

 
4. Check for good electrode-to-skin adherence. 

 
Proper electrode-to-skin adherence means that at least 75% of the electrode has contact with the 
patient's skin. For patients with a large amount of body hair, the use of electrode gel and/or tape may 
be required to ensure proper contact. 
 
If one or more of the sensor pads have poor contact with the skin, resistance to the injected current 
may result in a high fat mass reading. With good electrode-to-skin contact using the four site electrode 
technique, the impedance of the sensor pad contact with the skin does NOT affect the measurement of 
total body impedance. 

 
5. Check for proper sensor cable hookup. 

 
The red clips should be attached to the pads at the wrist and ankle joints. The black clips should be 
attached to the pads above the knuckles and toes. If one or both sets of cable clips are attached in 
reverse order high fat mass results may occur. 
 
• Remember: "Red clips closest to the heart.” 

 
6. Check for proper patient test position. 

 
a. Patient is lying down, face up in supine position. 
b. Patient is relaxed with head back. 
c. Hands are at least six inches from sides, palms down.  The upper inner arm should not be touching 

the torso.  If necessary, increase the distance between the arm and body. 
d. Feet are twelve to eighteen inches apart.  For heavy set or overweight individuals, the feet need to 

be far enough apart so that the upper thighs do not touch each other. 
e. Right ankle and wrist are exposed.  Nylon hosiery is removed. 

 
The regression equations in the analyzers were developed using the same body position for all patients. 
Deviations from this position may change the normal path of the current flow through the body. 
Bioimpedance tests conducted with the patient standing, sitting, arms on the chest, legs crossed or 
close together, may lead to test results that are high or low. 

 
7. Equipment. 

 
If all the above causes have been ruled out and consistently high or low test results still occur, then the 
unit or cable set may need servicing. Please contact our Technical Support Department. 
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Effects of Hydration on Fat-Free Mass 
 
The following information may be useful when interpreting a patient's hydration status or total body water 
(TBW) test results. 
 
The analyzer provides information on TBW expressed as liters of water, water as a percentage of body weight, 
water as a percentage of fat-free mass (or lean body mass), intracellular water, and extracellular water. 
 

Interpreting Fat Mass Test Results 
Hydration status can be useful when reviewing the results of a body composition test. For an adult, body water 
is expected to be 69-74% of fat-free mass. For an adolescent, it is expected to be slightly higher. A reading 
below 69% may indicate dehydration and result in a fat mass reading that is 3-5% too high. Your professional 
judgment is needed in these cases to confirm that the patient is dehydrated. (See Other Factors below). 
 
A low reading (68% for example) indicates statistical dehydration in an individual when compared to the normal 
population as a group, but may be the normal hydration status for this individual and should not automatically 
be a source of concern. In the normal population, the theoretical hydration coefficient of fat-free mass is usually 
assumed to be 0.723, or 72.3%. This represents the ratio of TBW to fat-free mass (FFM), (Pace and Rathburn, 
Journal of Biological Chemistry, 158). In normal men, the actual ratio is as low as .65 and as high as .85 in 
cases of severe anasarca (temporary fluid imbalance - Sheng and Huggins). In chronically ill persons values as 
high as .80 have been observed (Moore and Boyden). 
 

Other Factors 
The analyzer's TBW reading gives you an initial indication of dehydration but factors such as the use of 
diuretics, anabolic medications, diet, hydration habits, and exercise habits should be considered when 
evaluating an individual's hydration status. If, after considering all these factors you conclude that the patient is 
dehydrated, you may consider adjusting the fat mass readings.  
 
The following guidelines are recommended for adults: 
 

Total Body Water 
(% Fat-Free Mass) 

Adjustment 
(% fat)___ 

69% and above none 
68.0 - 68.9% subtract 1% 
67.0 - 67.9% subtract 2%  
66.0 - 66.9% subtract 3%  
below 66.0% subtract 4% 

 
No adjustments are recommended for adolescents.  
 
Whenever a weight management program is indicated we recommend that patients drink at least 4 eight ounce 
glasses of water per day.  
 

Adjusting Fat Mass Results 
If, after running a test you choose to adjust fat mass downward to compensate for patient dehydration:  
 

1. Press the DATA key and verify correct data (Age, Ht, etc.) or re-enter correct data. 
2. Note the resistance and reactance from the previous (dehydrated) printout. 
3. Note the percent fat mass from the previous (dehydrated) printout. 
4. Subtract the adjustment factor provided in the table above from the fat mass identified in step (3). 
5. Note this adjusted percent fat mass value. 
6. Press the TEST key followed by the ENTER key. Enter a resistance value that is lower than the 

resistance value noted in step (2).  Enter the same reactance value as noted in step (2).  Press the 
TEST or ENTER key. 

7. Review the new results. Compare these results to the adjusted fat mass value. 
8. Repeat until the new results match the adjusted percent fat mass values from step (5).  Press the 

PRINT key, to produce the corrected printout. 
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Alternative Test Positions 
 

Impedance Test Position - Lying Down 
To ensure accurate results, an impedance test should be conducted using the following test protocol: 
 

1. Patient should be lying down facing up. 
2. Patient should relax and be as still as possible with hands at least 6 inches from the body, palms facing 

down. 
3. Patient's feet should be at least 8 to 12 inches apart so that the legs are not touching at the thighs. 
4. Patient's right ankle and wrist are exposed. Nylon hosiery should be removed. 

 
The regression equations used in the analyzer to calculate fat mass were developed using the above test 
position. Deviations from this position may change the normal path followed by the test current as it flows 
through the patient's body. Bioimpedance tests conducted with the patient's arms on the chest or with legs 
crossed or too close together may lead to slightly too low or high. 
 

Standing vs. Sitting Test Position 
If room is not available to test patients lying down, then impedance testing can be done with the patient 
standing or sitting.  
 
If tested while standing or seated the patient’s resistance will average approximately 10 to 20 ohms less than 
while lying down. This difference results in slightly lower fat mass readings of approximately 0.5 to 1.0%. 
 
If you are testing patients standing or seated, the standing position should be your first choice. For patients 
who cannot stand, test them in the seated position. 
 
NOTE: When testing standing or sitting patients maintain the basic test procedure with the patient's legs 
spread shoulder-width apart and arms held away from the body 6 - 10 inches.  

 

Effect of Menstruation on Test Results 
 
Research has been conducted to determine the influence of the menstrual cycle on bioelectrical impedance 
testing (1,2). The results indicate that there is no significant effect.  
 

References: 
 

1. Chumlea WC, Roche AF, Guo S, Woynarowska B. The influence of physiologic variables and oral contraceptives on 
bioelectric impedance. Human Biology, 59: 257-270, 1987. 

2. Gleichauf CN, Roe DA. The menstrual cycle's effect on the reliability of bioimpedance measurements for assessing 
body composition. American Journal of Clinical Nutrition, 50: 903-907, 1989. 
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Chapter 8:  Operations and Maintenance 
 

Operating Your Analyzer 
 

Switching the Analyzer On 
The MASTER POWER switch is located at the back of the analyzer and must be set to the ON position (indicated 
by a "-" on the switch) in order to operate the analyzer. Press the ON key; the analyzer performs a self-test and 
displays the charge remaining in the battery. When the self-test is complete the analyzer will prompt you to 
continue. If a key is not pressed within ten minutes the analyzer automatically turns itself off. This conserves 
battery power.  
 
When the MASTER POWER switch is off battery usage is minimized. This setting is recommended when storing 
the analyzer. This setting is also recommended when traveling to ensure the analyzer will not be turned on 
accidentally. The off position is indicated by an "o" on the switch.  
 

Checking the Battery Level 
During the self-test the battery level will be displayed. A full charge will last for over 100 tests and printouts. If 
the battery is low you should recharge the analyzer. When the battery charge is low asterisks (*) flash in the 
middle of the data entry screen. If you see this symbol the battery will have enough charge for about 10 tests 
and printouts. For more information, see battery charging.  
 
To monitor the battery charge level during operation press the SYS key on the analyzer's keypad. Press the SYS 
key repeatedly until you see the battery screen which displays the battery charge level.  
 

Checking the Print Roll 
The print roll will last about 100 printouts. Check the print roll by opening the paper roll access door or by 
pressing the FEED key on the analyzer's keypad. If a red stripe appears on the edge of the paper the print roll is 
nearly depleted. For more information see loading paper.  
 
Note that once the analyzer is first turned on the DATA or TEST key must be pressed before the PRINT and 
FEED keys activate the printer. This feature prevents the printer from turning on accidentally while the analyzer 
is in its carrying case.  
 

Setting Units of Measurement 
The analyzer can display units of measurement in either English or metric units. If you want to change the units 
of measurement press the SYS key. The display changes to the units screen. To toggle units between English 
and metric press the ENTER key. Press any other key to continue.  
 

Setting the Date and Time 
Before the analyzer is shipped from the factory the time and date are preset to Pacific Time. To reset the time 
and date to your local time press the SYS key until you see the date screen. Type in the date in numeric form 
and press ENTER after each entry. For example, type 11, ENTER, 17, ENTER, 22, ENTER for November 17, 
2022.  
 
Type in the time in a 24-hour format. For example, type 15, ENTER, 13, ENTER for 3:13 pm. Press the ENTER 
key after the hour and after the minute entry. You can change the time when daylight savings time occurs or 
when the unit is moved to another time zone. You may also need to reset the time occasionally as the electronic 
clock may gain or lose a few minutes each month.  
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Selecting an International Language 
If you purchased the international version of the analyzer you can specify the language the analyzer uses for its 
screens and printouts. To choose a language press the SYS key until the language screen is displayed.  
 
The > will point to the current language selected. To select another language press the ENTER key until the > 
points to the language you wish to use for displaying screens and printing reports. Press any other key to 
continue.  
 

Entering Patient Data 
Entering patient data is optional and does not affect the measurement of phase, resistance, and reactance. 
Patient data is, however, used to calculate mass distribution and water compartments. If age, height, or weight 
is not entered these results are not calculated and are not printed. In this case a shorter version of the analyzer 
report is printed.  
 
To enter patient data press the DATA key on the analyzer keypad to access the patient data screen. Press the 
./MF key to indicate the gender of the patient. The ./MF key acts as a toggle switch between male and female. 
 
Press the ENTER key to advance to the age field. Use the numeric keys to enter the patient's age in years.  
 
Press the ENTER key to advance to the height field. Use the numeric keys to enter the patient's height in inches 
or centimeters.  
 
Press the ENTER key to advance to the weight field. Use the numeric keys to enter the patient's weight in 
pounds or kilograms.  
 
To return to the SEX field, press the ENTER key.  
 
While entering patient data you have the option of specifying a patient's exercise activity. This feature is used 
to optimize test results for athletic patients. To access this feature press the DATA key again. You will see the 
exercise screen. Enter the number of hours the patient exercises each week. An hour of exercise is defined as 
one hour of at least semicontinuous exercise. It does not mean one hour at the club, gym, or track. When you 
use this feature the analyzer will factor the exercise level of the patient into the test results.  If you do not use 
this feature the analyzer will use its normal equations for calculating mass distribution and water 
compartments.  
 

Running a Test 
Press the TEST key. To measure the patient, press the TEST key again. The analyzer will measure the patient 
and calculate test results. After that, to print a report, press the PRINT key.  
 
Or, you can press ENTER to input resistance (R) and reactance (X) and use the analyzer to recalculate results. 
This is useful if you have made an error entering the patient data but realize this after you have disconnected 
the patient from the analyzer. You can use this feature to correct the patient data, reenter the resistance and 
reactance values from the previous measurement and recalculate the results, without reconnecting the patient.  
 

Reviewing Test Results 
Use this feature to review test results prior to printing a report. After a test is run the analyzer will display the 
phase angle and body capacitance. Press the PHASE key to review the other impedance components - 
resistance and reactance. Press the PHASE key repeatedly to toggle back and forth between the two screens.  
 
Press the MASS key to review mass distribution. The first time you press the MASS key the analyzer will display 
fat-free mass and fat mass. Press the MASS key again and the analyzer will display body cell mass and 
extracellular mass. Press the MASS key a third time and the analyzer will display the ECM/BCM ratio.  Press the 
key repeatedly to toggle between the three screens.  
 
To review water compartments press the WATER key. The first time you will see total body water in liters and 
total body water as a percentage of fat-free mass. Press the WATER key again to display intracellular water and 
extracellular water. Press the key repeatedly to toggle back and forth between the two screens.  
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Keypad Summary 

 
0-9 Numeric keys; for entering numeric data. 
  
./MF Changes the sex field within the patient data screen. Acts as a toggle between male and 

female. Also sets the decimal point when entering numeric data. 
  
ENTER Advances the cursor to the next data-entry field. 
  
DATA Displays the screen for entering patient data which includes gender, age, height, and 

weight. 
  
TEST Runs the bioimpedance analysis test. 
  
PRINT Prints the summary report of test results. 
  
FEED Causes the printer to advance one line. 
  
PHASE Displays the patient's phase angle, body capacitance, resistance, and reactance. 
  
MASS Displays the patient's fat-free mass (FFM), fat mass (FM), body cell mass (BCM), 

extracellular mass (ECM), and the ratio ECM/BCM. 
  
WATER Displays the patient's total body water (TBW), intracellular water (ICW), and extracellular 

water (ECW). 
  
BMI Displays the patient's body mass index (BMI). 
  
BMR Displays the patient's basal metabolic rate (BMR). 
  
SYS Displays the system status of the analyzer for reviewing and modifying the analyzer's 

configuration settings. 
  
CLEAR Clears the current data-entry field. 
  
ON Turns the analyzer on and off.  
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Charging Your Analyzer 
 

Battery Powered 
The analyzer is powered by a rechargeable battery pack. A full battery charge provides enough power to test 
and print reports for over 100 patients.  
 

Charging the Analyzer 
A battery charger is included with the analyzer. To charge the unit, connect the charger to the back of the unit 
and plug the charger into a standard electrical outlet. Be sure the master power switch at the back of the unit is 
in the ON position (indicated by the "-" symbol on the switch). Charge the analyzer for 14 to 16 hours. When 
charging, the analyzer will display its percent charge level. When the unit is fully charged it will display 99%.  
 

Checking the Battery Charge 
There are three ways to check the battery charge level. As the analyzer is charging, the percentage charge is 
displayed. The charge level is also displayed when the analyzer is first turned on. When the analyzer is on, the 
charge level can be reviewed by pressing the SYS key until the battery charge level is displayed.  
 
In addition, when the battery charge is low asterisks (*) flash in the middle of the screen. If you see this 
symbol, the battery will have enough charge for about 10 tests and printouts. 
 

Recommended Charging Procedure 
For maximum battery life we recommend waiting until the analyzer charge level is below 25% before recharging 
the battery. However, you can charge the battery at any time.  
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Loading Paper 
 
Each roll of paper provides about 100 printouts. When the paper roll is low a red stripe will appear along the 
paper’s edge. When the red stripe first appears there are about 10 printouts left. 
 
To change the printer paper, perform the following steps: 
 

1. Make sure the analyzer is turned off. 
 
2. Open the access door by pressing the top of the door as shown below. The bottom will open allowing 

you to remove the door. 
 

 
Opening the Access Door 

 
3. If the old roll still contains paper, cut (or tear) the paper near the paper roll and pull the remnant 

forward through the top of the printer. Lift the old roll out of the paper roll holder.   
 

CAUTION:  Never pull the paper from inside the access door back down through the printer. To remove 
the paper from the printer, cut or tear the paper near the paper roll and pull the remnant forward 
through the top of the printer. 

 
4. Remove and discard the first six inches of the new paper roll - this part of the roll usually contains glue 

and may jam the printer. Unroll an additional six inches of the new paper roll and cut the paper as 
shown below with scissors. 

 

 
Cutting a New Print Roll 
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5. Insert the end of the paper into the analyzer as shown below.   
  

 
Inserting the Print Roll 

 
IMPORTANT. The printer can print on one side of the paper only. Therefore, the roll must be 
inserted as shown below: 

 
 

 
6. Feed the paper through the slot until the point of the paper appears through the top of the printer. 

 
7. Carefully pull the paper through the printer until you have about two inches of paper free. Center the 

paper in the printer slot while pulling it through. (You will hear a clicking noise when pulling on the 
paper. This sound is normal and does not mean anything is wrong). 

 
8. Wind up any slack paper on the roll and place it in the paper roll holder.   

 
9. Feed the paper through the slot in the access door and close the door.   
 
10. Turn the analyzer on and press the DATA key to activate the printer. Press the FEED key several times 

to advance the paper. 
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Interpreting Error Messages 
 
The following information relates to the analyzer error messages and the conditions under which they occur:  
 
DATA OUT OF RANGE 
Check Patient DATA 
 

• Values entered for patient’s height or weight are out of range. 
 

• The calculated percent fat mass is less than zero or greater than 75 percent.     
 

a. Entered patient data, combined with measurements, produced fat mass results less than 0 percent 
or greater than 75 percent. Confirm units of measurement (e.g. metric versus English), gender 
(e.g. M versus F), age, height, and weight. 

 
b. Improper test position. Review test position. 

 
 
INCOMPLETE TEST 
Check Sensor Cables 
 

• Error Code 2 
 Open Circuit  
    

a. Sensor cables are improperly connected to the test patient. Check connections. 
 

b. Sensor cables are defective. Wiring in the cable has become separated. Repair or replace cables. 
 

• Error Code 3  
 Short Circuit    
  

a. Sensor cables are improperly connected to the test patient. Check connections. 
 

b. Sensor cables are defective. Wiring in the cable has become shorted. Repair or replace cables. 
 

• Error Code 4 
 Test Out of Range (or Resistance/Reactance Out of Range) 

 
a. Measured resistance is less than 200 ohms or greater than 1500 ohms. 
b. Measured reactance is greater than 300 ohms. 
c. Phase angle is greater than 20 degrees. 
d. Patient data and measurements combine for erroneous body composition results. 

 
These range limits were determined statistically. While it is theoretically possible to have patients whose 
measured results are outside these ranges, it is extremely unlikely.    
 
This error generally occurs when the sensor pads, sensor cables, or analyzer is defective. Dirt, oil, 
lotion, hair, reuse, or date expiration may result in defective sensor pads. Sensor cables may become 
defective due to wear.    
 
When this error is generated - first, verify test procedure; second, run test with new sensor pads; third, 
repair or replace sensor cables; fourth, contact Technical Support for service of the unit. 
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Thermal Printer 
 
If you are experiencing problems printing, observe the following troubleshooting procedure to isolate the 
problem: 
 

1. Turn the master power switch at the back of the unit to the ON position and make sure the analyzer is 
well charged. 

 
2. Press the ON key and allow the analyzer to complete its self-test. Then press the DATA key. 

 
3. Remove the printer door, press the PRINT key, and observe whether the print head (a black plastic part 

with steel retaining clip) moves back and forth across the printer.  
 

4. If the print head moves across the printer but does not print or if the print quality is poor, check for the 
following conditions. 

 
a. Paper is backwards. The thermal paper for this printer is printable only on one side. Refer to loading 

paper for proper paper installation instructions. Unload and reload paper according to these 
instructions 

 
b. Wrong paper. Standard paper will not work with this printer. The paper must be thermal paper 

purchased specifically for this printer from Biodynamics or from the printer manufacturer, Seiko. 
 

c. Damaged printer platen. The printer platen is a spring-loaded soft nylon bar on which the paper 
rides. It holds the paper firmly under constant pressure up against the print head as the print head 
moves back and forth. To see the platen, remove the paper according to the instructions loading 
paper. With no paper in the printer press the PRINT key. Observe whether the print head moves 
smoothly across the platen and that the platen holds firmly up against the print head. If the platen 
appears to be dislodged, broken, or has lost its tension, the printer must be replaced. Contact 
Technical Support for further instructions. 

 
5. If you have completed (a), (b), and (c) above and the printer still does not print contact Technical 

Support for further instructions. 
 
6. If the print head DOES NOT MOVE across the printer, contact Technical Support for further instructions. 
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Battery Pack 
 
The analyzer's rechargeable main battery is a built-in component. If the battery appears to discharge too 
rapidly, it may need to be replaced. To evaluate the strength of the battery: 
 

1. Charge the battery. 
 

a. Turn the master power switch at the back of the analyzer to the ON position (indicated by the "-" 
symbol on the switch). 

b. Plug the charger wall adapter into a wall outlet and plug the charger into the back of the analyzer.  
c. You should see the charging message CHARGING BATTERY. 
d. If you do not see the charging message, the battery charger is not working properly and it should 

be replaced. Contact Technical Support. 
e. If you see the charging message, charge the analyzer for 14 to 16 hours. 
f. Operate the analyzer under normal conditions. If the analyzer still appears to discharge too quickly, 

proceed to step 2. 
 

2. Run the battery test. (Note: this test requires a full paper roll). 
 

a. Install a full roll of paper in the analyzer.  See loading paper. 
b. Contact Technical Support for further instructions. 

 

Field Calibration 
 
Our meters measure impedance precisely independent of the amount of capacitance in the measurement. When 
measuring human subjects this capability is critical. The meters are of a solid-state digital design. Normally they 
do not drift or require recalibration. 
 
However, the accuracy of the meter can be confirmed in the field with the use of a test plug. The test plug 
simulates the bioimpedance of the human body. The plug can be obtained by contacting our Technical Support 
Department. 
 
To use the test plug: 
 

1. Remove the sensor cables from the connector at the back of the analyzer. 
2. Insert the test plug into the connector on the back of the analyzer. 
3. Turn the analyzer on. 
4. Press the TEST key twice. 
5. When the results are displayed press the PHASE key. Note the resistance and reactance values. Results 

should compare with the value of the test plug. 
6. Repeat steps (4) and (5) above to confirm results.  

 
If the readings are outside of the range printed on the plug, the meter requires recalibration. If you have any 
questions, please contact our Technical Support Department. 
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Customer Service 
 
For assistance, contact customer service by e-mail, telephone, fax, or mail. Address your inquiries to: 
 

E-mail:  cs@biodyncorp.com  
  
Phone:  800.869.6987 
Fax:  206.526.0208 
  
Address:  Biodynamics Corporation 
 Customer Service Department 
 14739 Aurora Ave N, #100 
 Shoreline, WA  98133-6547 

 

Technical Support 
 
For technical assistance with your product, contact our technical support department by e-mail, telephone, fax, 
or mail. Address your inquires to: 
 

E-mail:  cs@biodyncorp.com 
  
Phone:  206.526.0205 
Fax:  206.526.0208 
  
Address:  Biodynamics Corporation 
 Technical Support Department 
 14739 Aurora Ave N, #100 
 Shoreline, WA  98133-6547 

 
In order to provide the best possible support, you may be asked for the name of your product, the product 
serial number, the product software version (if applicable) and any sample printouts related to your question. 

 

Service Instructions  
 
Should your equipment require service, our service department will provide you with a return material 
authorization (RMA) number. The RMA number is valid for thirty days. To contact our service department, 
please call 206-526-0205.  
 
Once you have obtained an RMA#, place your analyzer and all its accessories (cable set and charger) in your 
carrying case. Wrap the carrying case in a plastic bag. Package the carrying case in a sturdy cardboard box with 
3 inches of insulation on all sides (bottom, top, and 4 sides). Insulation may be crushed newspaper, foam 
peanuts, or any other soft cushioning material. Label the package as "FRAGILE".    
 
Address the package to:  
 
  Biodynamics Corporation   
  Service Department, RMA #___   

14739 Aurora Ave N, #100 
Shoreline, WA  98133-6547 

 
You are responsible for shipping the product to Biodynamics. Recommended carriers are UPS and Federal 
Express. You may arrange for either of these carriers to pick up product at your facility. Other methods are 
available including the US Postal Service. Regardless of the carrier you choose, please be certain to insure the 
package for its full value and obtain a tracking number in order to verify delivery.  Please enclose a letter with 
the analyzer. Provide us with your name, address, email address and phone number along with instructions.
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Catalog 
 

Product Description Price 
   

Analyzers  
BIA 450 Bioimpedance Body Composition Analyzer  

(United States only) 
$1,995

  
 Includes: 110 volt battery charger, patient cable, electrodes,  

print roll, user's guide, carrying case 
  
BIA 450 I Bioimpedance Body Composition Analyzer  

(International)   
$2,195

  
 Includes: 110/220 volt battery charger, patient cable, electrodes, 

print roll, user's guide, carrying case   
  
 Operates in English, Spanish, French, German, Italian, Portuguese, 

and Slovenian  
  

Supplies 
SP-100 Package of 100 Patient Electrodes (electrodes for 25 patient tests) $16
PR-4 Package of 4 Print Rolls (100 patient printouts per roll) $22
  

Replacement Parts 
BC-110 Battery Charger - 110 volt $40
BC-220 Battery Charger - 220 volt $55
SC Patient Cable $60
CC Carrying Case $45
UG-450 BIA 450 User’s Guide $25

 

Ordering Supplies 
 
To place an order, please contact us at: 
 

Biodynamics Corporation 
14739 Aurora Ave N, #100 
Shoreline, WA  98133-6547 
 
800.869.6987 
206.526.0205 
206.526.0208 fax 
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Appendix A:  References 
 
The following abstracts are available on our website: 
 

Research Abstracts 
 
Topic   Principal Author 
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Sedentary Patients   Blair  
Sedentary Patients  Lee  
Active Patients   Guo  
Active Patients   Kyle  
Athletic Patients   American Dietetic Association  
Athletic Patients   Chapman 
Athletic Patients  Fornetti  
Elderly Patients   Berger  
Elderly Patients   Hughes  
Elderly Patients   Omran  
Elderly Patients   Roubenoff  
 



Clinician Desk Reference Appendix A 
 

www.biodyncorp.com 65 
 

Research Bibliography 
 

Body Composition Textbooks 
Heyward VH and Stolarczyk LM. Applied Body Composition Assessment. Human Kinetics, 1996.    
 
Roche AF, Heymsfield SB, Lohman TG. Human Body Composition. Human Kinetics, 1996.    
 

Principles of Bioimpedance Body Composition Analysis 
Baumgartner RN, et al. Bioelectric impedance for body composition. Exerc. Spt. Sci. Rev. 18:193-224, 1990.    
 
Chumlea WC, et al. Bioelectric impedance methods for the estimation of body composition. Can. J. Spt. Sci. 
15(3):172-179, 1990.    
 
Deurenberg P, et al. Factors affecting bioelectrical impedance measurements in humans. Eur. J. Clin. Nutr. 
1988; 42:1017-1022.    
 
Ellis J, et. al. Bioelectrical impedance methods in clinical research: a follow-up to the NIH technology 
assessment conference. Nutrition, Volume 15, Nos. 11/12, 1999  
 
Gallagher DG, et al. Healthy percentage body fat ranges: an approach for developing guidelines based on body 
mass index. American Journal of Clinical Nutrition, 2000; 72:694-701.    
 
Girandola RN, et al. The validity of bioelectrical impedance to predict body composition. Olympic Sci. Congress, 
New Horizons of Human Movement, 1988.    
 
Kyle UG, et al. Fat-Free and Fat Mass Percentiles in 5225 Healthy Subjects Aged 15 to 98 Years. Nutrition, 
17:534-541, 2001.    
 
Lohman TG. Advances in body composition assessment. Current Issues in Exercise Science Series, Monograph 
#3, Human Kinetics Publishers, Champaign, IL, 1992.    
 
Lukaski HC, et al. Assessment of fat-free mass using bioelectrical impedance measurements of the human 
body. American Journal of Clinical Nutrition, April 1985; 41:810-817.    
 
Lukaski HC, et al. Validation of tetrapolar bioelectrical impedance methods to assess human body composition. 
J. Appl. Physiol. 60(4):1327-1332, 1986.    
 
Lukaski HC. Methods for the assessment of human body composition: traditional and new. American Journal of 
Clinical Nutrition, 1987; 46:537-56.    
 
Nyboer J. Electrical impedance plethysmography. A physical and physiologic approach to peripheral vascular 
study. Circulation, Vol. 2, Dec. 1950.    
 
Roche AF, et al. Estimation of body composition by impedance. Med. Sci. Sports Exerc. 19(2):40, Suppl., Apr. 
1987.    
 
Segal KR, et al. Lean body mass estimation by bioelectrical impedance analysis: a four-site cross-validation 
study. American Journal of Clinical Nutrition, 1988; 47:7-14.    
 
Van Loan MD. Bioelectrical impedance analysis to determine fat-free mass, total body water and body fat. 
Sports Med. 10(4):205-217, 1990.    
 
 



Clinician Desk Reference Appendix A 
 

www.biodyncorp.com 66 
 

Comparison of Bioimpedance with Other Methods 
Belford M, et al. The validity of bioelectrical impedance, near-infrared interactance and skinfold equations for 
estimating body composition in females. Med. Sci. Sports Exerc. 25(5):S162, 1993.    
 
Brodie DA, et al. Body fat estimations by electrical impedance and infra-red interactance. Int. J. Sports Med. 
13(4):319-325, 1992.    
 
Cunningham JJ. New approaches to the noninvasive assessment of body composition: bioelectrical impedance 
analysis and total body electrical conductivity. Nutr. Int. 3:6-10, 1987.    
 
Johnson K, et al. Comparison of circumference, skinfold, bioelectrical impedance and hydrodensitometry to 
estimate percent body fat during weight loss. Fed. Proc. 46(4), Mar. 1987.    
 
Kushner RF, et al. Estimation of lean body mass by bioimpedance analysis compared to skinfold anthropometry. 
American Journal of Clinical Nutrition, 45(4):830, Apr. 1987.    
 
Levenhagen DK, et al. A Comparison of Air Displacement Plethysmography with Three Other Techniques to 
Determine Body Fat in Healthy Adults. Journal of Parenteral and Enteral Nutrition, September-October 1999; 
Vol. 23, No. 5; 293-299.    
 
Lin KH, et al. Reliability of Body Fat Measurement: Skinfold, Bioelectrical Impedance Analysis and Infrared. 
Journal of the Physical Therapy Association of the Republic of China; September 1995; 102-108.    
 
Meguid MM, et al. Bioelectrical impedance (BIA) method in body composition studies. J. Parent. Ent. Nutr. 
11(1), Jan-Feb. 1987.    
 
Pasco JA, et al. Body fat estimated from anthropometric and electrical impedance measurement. Human 
Nutrition: Clinical Nutrition, 1985 Sep;39(5):365-9.    
 
Sinning WE, et al. Variability of estimating body composition measures by skinfolds and bioresistance. Med. Sci. 
Sports Exerc. 19(2):39, Supp., Apr. 1987.    
 
Thompson DL, et al. Effects of hydration and dehydration on body composition analysis: a comparative study of 
bioelectric impedance analysis and hydrodensitometry. J. Sports Med. Phys. Fitness, 1991; 31(4):565-70.    
 
Vansant G, et al. Assessment of body composition by skinfold anthropometry and bioelectrical impedance 
technique: a comparative study. J. Par. Ent. Nutr. 1994; 18:427-429.    
 
Villar J, et al. Bioimpedance or anthropometry? American Journal of Clinical Nutrition, 1989; 43:129-137.    
 
Wang J, et al. Validation of body fat estimation by BIA using dual photon absorptiometry (DPA). Fed. Proc. 
1987; 46(4).    
 

Obesity 
Bedogni G, et al. Is body mass index a measure of adiposity in elderly women? Obesity Research, 2001 
Jan;9(1):17-20.    
 
Blackburn GL. Managing obesity in America: An overview. Advanced Studies in Medicine 2002;2(2):40-49.    
 
Fulcher GR, et al. A comparison of measurements of lean body mass derived by bioelectrical impedance, 
skinfold thickness and total body potassium. A study in obese and non-obese normal subjects. Scand. J. Clin. 
Lab. Invest. 1991; 51(3):245-53.    
 
Guo SS, et al. Body mass index during childhood, adolescence and young adulthood in relation to adult 
overweight and adiposity: the Fels Longitudinal Study, International Journal of Obesity and Related Metabolic 
Disorders, 2000 Dec;24(12):1628-35.    
 
Heber D, et al. Clinical detection of sarcopenic obesity by bioelectrical impedance analysis. American Journal of 
Clinical Nutrition; 1996; 64 (supplement 3); 472S-477S.    
 



Clinician Desk Reference Appendix A 
 

www.biodyncorp.com 67 
 

Lauenborg J, et al. The prevalence of the metabolic syndrome in a Danish population of women with previous 
GDM is 3-fold higher than the general population. The Journal of Clinical Endocrinology & Metabolism, 2005, 
10.1210/jc. 2004-1713. 
 
Mokdad AH, et al. The spread of the obesity epidemic in the United States, 1991 - 1998. Journal of American 
Medical Association, 1999; 282:1519-1522.    
 
NIH Consensus Conference Statement, Health Implications of Obesity. Annals of Internal Medicine, 1985; 103 
(6 pt 2):1073-1077.    
 
Regional Office for the Western Pacific of the World Health Organization, the International Association for the 
Study of Obesity and the International Obesity Task Force. The Asia-Pacific perspective: Redefining obesity and 
its treatment. Health Communications Australia Pty Limited, February 2000.    
 
Rolls BJ, et al. Energy Density But Not Fat Content of Foods Affected Energy Intake in Lean and Obese Women. 
American Journal of Clinical Nutrition; 1999; Vol. 69; 863-871.    
 

Sedentary 
Blair SN, et al. Changes in physical fitness and all-cause mortality. A prospective study of healthy and unhealthy 
men. American College of Physicians Journal Club, 1995 Sep-Oct;123(2):52-3.    
 
Hageman PA, et al. Comparison of two physical activity monitors during a 1-mile walking field test. Journal of 
Exercise Physiology Online, 2004; 7(3):102-110. 
 
Lee CD, Jackson AS, Blair SN. US weight guidelines: Is it also important to consider cardiorespiratory fitness? 
Journal of Obesity and Related Metabolic Disorders, 1998 Aug;22 Supplement 2:S2-7. 
 

Active 
Bland JS. The use of complementary medicine for healthy aging. Alternative Therapies in Health and Medicine. 
1998; 4:42-48.    
 
Evans W, Rosenberg IH. Biomarkers. Fireside, 1992.    
 
Guo SS, et al. Aging, body composition, and lifestyle: the Fels Longitudinal Study. American Journal of Clinical 
Nutrition, 1999; 70: 405-11.    
 
Kyle UG, et al. Physical activity and fat-free and fat mass by bioelectrical impedance in 3853 adults. Medicine 
and Science in Sports and Exercise, 2001;33:576-584. 
 

Athletes 
Chapman R, et al. Body composition testing of athletes in the field using bioelectric impedance analysis. Alaska 
Med., 1992 Apr-Jun;34(2):87-90,95.    
 
Fornetti WC, et al. Reliability and validity of body composition measures in female athletes. Journal of Applied 
Physiology, 1999 Sep;87(3):1114-22.    
 
Johnson GO, et al. The validity of bioelectrical impedance, near-infrared interactance and skinfold equations for 
estimating percent fat in female gymnast. Med. Sci. Sports Exerc. 25(5):S162, 1993.    
 
Lukaski HC, et al. Body composition assessment of athletes using bioelectrical impedance measurements. J. 
Sports Med. Phys. Fitness 1990; 30:434-40.    
 
Mattar R, et al. Body mass index (BMI) as an indicator of body composition: evidence through bioelectrical 
impedance. XVIII Simp. Int. Ciênc. Esp., Oct. 1992.    
 
Oppliger RA, et al. Bioelectrical impedance prediction of fat-free mass for high school wrestlers validated. 
Medicine and Science in Sports and Exercise, 1991, 23, S73 (Abstract).    
 
Position of the American Dietetic Association, Dietitians of Canada, and the American College of Sports 
Medicine. Nutrition and athletic performance. Journal of American Dietetic Association, 2000; 100:1543-1556. 
 



Clinician Desk Reference Appendix A 
 

www.biodyncorp.com 68 
 

Elderly 
Baumgartner RN, et al. Body Composition in elderly people: Effect of criterion estimates on predictive 
equations. American Journal of Clinical Nutrition, 1991; 53, 1-9.    
 
Berger VA, et al. Reproducibility of body composition and body water spaces measurements in healthy elderly 
individuals. The Journal of Nutrition, Health & Aging, 2000;4(4):24305.    
 
Hughes VA, Evans WJ. Assessment of fat-free mass in an older population using bioelectrical impedance. 
Federation Proceedings, 46(4), 1987.    
 
Omran ML, Morley JE. Assessment of protein energy malnutrition in older persons, part I: History, examination, 
body composition, and screening tools. Nutrition, 2000 Jan;16(1):50-63. 
 
Roubenoff R, et al. Nutrition assessment in long-term care facilities. Nutrition Review, 1996 Jan;54(1 Pt 2):S40-
2.      
 
Svendsen OL, et al. Measurement of body fat in elderly subjects by dual-energy x-ray absorptiometry, 
bioelectrical impedance and anthropometry. American Journal of Clinical Nutrition, 1991; 53:1117-23.    
 

Children 
Goran MI, et al. Estimating body composition of young children by using bioelectrical resistance. J. Appl. 
Physiol. 75(4):1776-1780, 1993.    
 
Houtkooper LB, et al. Validity of whole body bioelectrical impedance analysis for body composition assessment 
in children. Med. Sci. Sports Exerc. 19(2):39, Suppl., Apr. 1987.    
 
Houtkooper LB, et al. Validity of bioelectric impedance for body composition assessment in children. J. Appl. 
Physiol. 66(2):814-21, 1989.    
 
Houtkooper LB, et al. Bioelectrical impedance estimation of fat-free mass in children and youth: a cross-
validation study. J. Appl. Physiol. 72(1):366-373, 1992.    
 
Mazariegos M, et al. Bioelectrical impedance used in association with anthropometry: experience in a field 
survey of underprivileged Guatemalan children. Age & Nutr. 5(2), 1994.    
 
Roche AF, et al. Fat-free mass in children and young adults predicted from bioelectric impedance and 
anthropometric variables. American Journal of Clinical Nutrition, 1989; 50:435-43.    
 

Supplements 
Antonio JA, et al. Effects of a Standardized Guggulsterone Phosphate Supplement on Body Composition in 
Overweight Adults: A Pilot Study. Current Therapeutic Research; April 1999; Vol. 60, No. 4; 220-227.    
 
Colker CM, et al. Effects of Citrus aurantium Extract, Caffeine, and St. John's Wort on Body Fat Loss, Lipid 
Levels, and Mood States in Overweight Healthy Adults. Current Therapeutic Research; March 1999; Vol. 60, No. 
3; 145-153.    
 
Kalman D, et al. Effects of Pyruvate Supplementation on Body Composition and Mood. Current Therapeutic 
Research; November 1998; Vol. 59, No. 11; 793-802.    
 
Kalman D, et al. The Effects of Pyruvate Supplementation on Body Composition in Overweight Individuals. 
Nutrition; May 1999; Vol. 15, No. 5; 337-340.    
 
Kalman D, et al. Randomized Trial of an Isocaloric High Protein Diet vs. an Isocaloric Moderate Protein Diet for 
Short-Term Weight Loss in Healthy Overweight Adults. The Bariatrician; Winter 2000/2001; 10-13.   
 
Udani J, et al. Blocking carbohydrate absorption and weight loss: a clinical trial using phase 2 brand proprietary 
fractionated white bean extract. Alternative Medicine Review, 2004; 9(1):63-69. 
 



Clinician Desk Reference Appendix A 
 

www.biodyncorp.com 69 
 

Fluid Analysis 
Chertow GM, et al. Bioelectrical impedance analysis predicts survival in hemodialysis patients, abstract #T164, 
A0969, page 1442. Journal of the American Society of Nephrology, September 1996, Volume 7, #9.       
 
Chertow GM, et al. Nutritional assessment with bioelectrical impedance analysis in maintenance hemodialysis 
patients. Journal of the American Society of Nephrology, 1995, 6:75-81.        
 
Cooper BA, et al. Comparing different methods of assessing body composition in end-stage renal failure. Kidney 
International, 2000 Jul;58(1):408-16. 
 
de Vries PMJM, et al. Measurement of transcellular fluid shift during hemodialysis. Med. & Biol. Eng. & Comput. 
1989; 27:152-158.    
 
Espejo MGA, et al. Determination of extracellular fluid volume using impedance measurements. Crit. Care Med. 
1989; 17(4):360-363.    
 
Johnson HL, et al. Use of bioelectrical measurements for the estimation of total body water and extracellular 
space in man. Fed. Proc. 46(4), Mar. 1987.    
 
Kushner RF, Schoeller DA. Estimation of total body water by bioelectrical impedance analysis. American Journal 
of Clinical Nutrition, 44: Sept. 1986, 417-424.    
 
Leiter LA, et al. Use of bioelectrical impedance analysis measurement in patients with diabetes. American 
Journal of Clinical Nutrition, 1996; 64: 515S-518S.  
 
Ljungqvist O, et al. Whole body impedance measurements reflect total body water changes. A study in 
hemodialysis patients. Swe. Int. J. Clin. Monit. Comput. 1990; 7(3):163-169.    
 
Lukaski HC, et al. Estimation of body fluid volumes using tetrapolar bioelectrical impedance measurements. 
Aviat. Space Environ. Med. 1988; 59:1163-9.    
 
Lukaski HC. Validation of body composition assessment techniques in the dialysis population.  
ASAIO J 1997, May-June; 43(3):251-5.       
 
Maehara T, et al. Perioperative monitoring of total body water by bioelectrical impedance in children undergoing 
open heart surgery. Eur. J. Cardiothorac. Surg. 1991; 5(5):258-65.    
 
Mayfield SR, et al. Measurement of extracellular water (ECW) in low birth weight infants using bioelectrical 
reactance. Am. Ped. Soc. & Soc. Ped. Res. 1987.    
 
McCullough AJ, et al. Measurements of total body and extracellular water in cirrhotic patients with and without 
ascites. Hepatology, 1991; 14(6):1102-11.    
 
Meguid MM, et al. Rapid bedside method to assess changes in postoperative fluid status with bioelectrical 
impedance analysis. Surgery 1992; 112:502-8.    
 
Scanforla F, et al. On-line bioelectric impedance during hemodialysis: monitoring of body fluids and cell 
membrane status. Nephrol. Dial. Transplant. Suppl. 1 (1990):167-170.    
 
Segal KR, et al. Estimation of body water distribution by bioelectrical impedance. Fed. Proc. 1987; 46:1334.    
 
Stall SH. Comparison of five body-composition methods in peritoneal dialysis patients. American Journal of 
Clinical Nutrition, 1996; August; 64(2):125-30. 
 
Van Loan MD, et al. Use of bioimpedance spectroscopy (BIS) to determine extracellular fluid (ECF), intracellular 
fluid (ICF), total body water (TBW) and fat-free mass (FFM). Int. Symp. In Vivo Body Comp. Studies, Texas, 
Nov. 1992.    
 
Westendorp RGJ, et al. Weight changes in critically ill patients evaluated by fluid balances and impedance 
measurements. Crit. Care Med. 1993; 21(6):871-877.    
 



Clinician Desk Reference Appendix A 
 

www.biodyncorp.com 70 
 

Wu TJ, et al. Bioelectrical impedance analysis of nutritional status in uremic patients on regular hemodialysis. 
Taiwan I. Hsueh. Hui. Tsa. Chin. 1991; 90(11):1044-8.    
 

Body Cell Mass 
De Lorenzo A, et al. Predicting body cell mass with bioimpedance by using theoretical methods: a technological 
review. Journal of Applied Physiology, 82(5): 1542-1558, 1997.    
 
Jacobs DO. Bioelectrical impedance analysis: a way to assess changes in body cell mass in patients with 
acquired immunodeficiency syndrome. J. Parent. Ent. Nutr., 17(5):401-2, 1993.    
 
Kotler DP, et al. Prediction of body cell mass, fat-free mass, and total body water with bioelectrical impedance 
analysis: effects of race, sex, and disease, American Journal of Clinical Nutrition, 1996; 64 (supplement); 489S-
497S.    
 
Schloerb PR, et al. Bioimpedance as a measure of total body water and body cell mass in surgical nutrition. Eur. 
Surg. Res. 18(SL):3, 1986.



 

www.biodyncorp.com 71 
 

Appendix B 
 

Calculations 
 
The analyzer directly measures resistance (R) and reactance (X), and along with the patient's gender, age, 
height, and weight, uses regression analysis to compute results.  
 

Equation See Note 
  
Resistance (R) 
Direct measurement 

(1) 

  
Reactance (X) 
Direct measurement 

 

  
 Impedance 

Z = sqrt (X2 + R2)   
  

 Phase Angle 
α (degrees) = arctangent (X / R)  
  

 Capacitance 
C (picofarads) = 107 / π * X / (X2 + R2)  

  
Fat-Free Mass 
FFM = a * HEIGHT2 + b * WEIGHT + c * AGE + d * R + e 

(2) 

  
Body Cell Mass 
BCM = a * HEIGHT2 * X / R2 + b * WEIGHT + c * AGE + d  

(3) 

  
 Extracellular Mass 

ECM = FFM - BCM   
  

 Fat Mass 
FM = WEIGHT – FFM  
  

 ECM to BCM Ratio 
ECM / BCM   
  
Basal Metabolic Rate 
BMR (cals/day) = 31.2 * FFM (kg) 

(4) 

  
 Body Mass Index 

BMI = WEIGHT (kg) / HEIGHT2 (m)  
  
Fat-Free Mass in Children 
FFM = a * HEIGHT2 / R + b * WEIGHT + c 

(5) 

  
Fat-Free Mass in Athletes 
FFM = a * HEIGHT2 / R + b * WEIGHT + c  

(6) 
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Total Body Water 
TBW (liters) = a * HEIGHT2 / R + b * WEIGHT + c * AGE + d  

(7) 

  
 TBW to FFM Ratio 

TBW (liters) / FFM (kg)  
  

 TBW to Weight Ratio  
TBW (liters) / WEIGHT (kg)  
  
Intracellular Water 
ICW (liters) = a * HEIGHT2 * X / R2 + b * WEIGHT + c * AGE + d 

(8) 

  
Extracellular Water 
ECW (liters) = TBW – ICW 

 

 

Note 1 – Resistance and Reactance 
The resistance and reactance vectors are determined as follows: The potential (V) and the current (I) are 
correlated, integrated, digitized, and divided to determine resistance (R) and reactance (X). Values of R and X 
are stored. The microprocessor uses the stored R and X values to perform subsequent calculations.  

Note 2 – Fat-Free Mass (FFM) 
Fat-free mass (FFM), also referred to as lean body mass (LBM), is a function of height, weight, age, and 
resistance (R). Throughout this page, variables a, b, c, d, and e represent constant coefficients calculated by 
regression analysis. Equations for FFM were developed by regressing data from 424 subjects, male and female, 
ages 17 to 82. Hydrostatic weighing was the control method used to measure fat-free mass.  
 
In order to minimize error, multiple linear regression equations were developed each with a unique set of 
constant coefficients. Four equations were developed for men and three for women based upon morphological 
classification (there is more genetic variability among men). Thus, a total of seven separate equations are used 
to calculate FFM. A prediction algorithm was developed for the automatic selection of the appropriate equation. 
The morphological classifications are:  
 

Class   Criteria 
Mesomorph  High BMI. Low resistance.  
Ectomorph  Low BMI. Low resistance.  
Endomorph  High BMI. High resistance.  
Normal   Moderate BMI. Moderate resistance. 

Note 3 – Body Cell Mass (BCM) 
Body cell mass is a function of height, weight, age, resistance (R), and reactance (X). Equations from the 
literature (1,2) were evaluated and data sets generated from the formulas for body cell mass (BCM) and fat-
free mass (FFM). Data sets were merged and consolidated.  Body cell mass intermediate (BCMI) and fat-free 
mass intermediate (FFMI) were regressed from the data. BCM is calculated as the product of FFM and the ratio 
BCMI / FFMI. 

1. McDougall D, Shizgal, HM. Body Composition Measurements from Whole Body Resistance and Reactance. Surgical 
Forum 1986;37:42-44. 

2. Paton NI, et al. Bioelectrical Impedance Analysis in Human Immunodeficiency Virus-Infected Patients: Comparison of 
Single Frequency With Multifrequency, Spectroscopy, and Other Novel Approaches, Nutrition 14:658-666, 1998. 
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Note 4 – Basal Metabolic Rate (BMR) 
This calculation, developed by Grande (3), represents the number of calories burned over a 24-hour period at a 
normal waking state. For a sedentary individual this calculation represents approximately 90% of the daily 
caloric expenditure. Basal metabolic rate is proportional to fat-free mass. If fat-free mass increases basal 
metabolic rate increases. If fat-free mass decreases basal metabolic rate decreases.  

3. Grande F, Keys A. Body weight, body composition, and calorie status. In R. S. Goodhart and M. E. Shils, eds. Modern 
nutrition in health and disease, 27, 1980. Philadelphia: Lea & Febiger. 

Note 5 – Fat-Free Mass in Children 
The equation is based upon Houtkooper (4).  
 

FFM = 0.61 * HEIGHT2 / R + 0.25 * WEIGHT + 1.31  

4. Houtkooper LB, et al. Bioelectrical Impedance Estimation of Fat-Free Body Mass in Children and Youth: A Cross-
Validation Study. Journal of Applied Physiology, 72(1): 366-73, 1992. 

Note 6 – Fat-Free Mass in Athletes 
FFM is calculated (see Note 2). If exercise hours have been entered for the patient, an equation for athletes is 
weighted into the final results. The equation for elite athletes, based upon Oppliger (5), 
 

FFM = 0.186 * HEIGHT2 / R + 0.701 * WEIGHT + 1.949  
 
is weighted into the FFM result as follows:  
 

Exercise Hours / Week Male Female 

0 – 2      0%       0% 
           3    10       3 
           4    15       7 
           5    20     10 
           6    25     13 
           7    30     17 
           8    35     20 
           9    40     23 
         10    45     27 
         11    50     30 
         12    60     33 
         13    70     37 
         14    80     40 
         15    90     43 
         16  100     47 
         17  100     50 
         18  100     53 
         19  100     57 

20+ 100     60 
 

5. Oppliger RA, Nielsen DH, Hoegh JE, and Vance CG, 1991. Bioelectrical impedance prediction of fat-free mass for high 
school wrestlers validated. Medicine and Science in Sports and Exercise, 23, S73. 
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Note 7 – Total Body Water 
The form of the equation is based upon Kushner (6). Deuterium dilution was the control method used to 
measure total body water. 

6. Kushner RF, Schoeller DA. Estimation of total body water by bioelectrical impedance analysis. The American Journal 
of Clinical Nutrition 44: September 1986, pp 417-424. 

Note 8 – Intracellular Water 
The equations are based upon the relationship between body cell mass and intracellular water described by 
Cohn (7). 

7. Cohn SH, et al. Assessment of cellular mass and fat-free mass by noninvasive nuclear techniques. Journal of 
Laboratory and Clinical Medicine, 1986; 105: 305-311.



 

 

 

© BIODYNAMICS CORPORATION 

 NORMAL REFERENCE VALUES 
 
MALES Age 15-24 25-34 35-44 45-54 55-64 65-74 75-84 >85       
 
 Anthropometric1          
 Height (in) 69.9 70.0 69.6 68.5 68.2 67.6 67.2 65.2 
 Weight (lb) 154.6 163.8 166.3 163.2 165.8 167.4 160.1 157.9 
   
 Impedance1          
 Phase Angle (º) 7.3 7.5 7.2 7.1 6.6  6.1 5.3 4.6 
 Body Capacitance (pF) 828 865 843 838 779 723 612 524 
 Resistance (ohms) 484 474 470 469  468 466 482 486 
 Reactance (ohms)   61.9 62.1 59.4 58.8 54.3 49.9 45.1 39.1 
  
 Mass Distribution          
 Body Cell Mass (% wt) 45.4 43.5 41.1 39.6 36.8 34.1 31.5 27.5 
 Extracellular Mass (% wt) 43.0 41.3 41.3 40.7 41.0 41.3 42.2 41.1 
 Fat-Free Mass (% wt) 88.4 84.8 82.4 80.3 77.8 75.4 73.7 68.6 
 Fat Mass (% wt) 11.6 15.2 17.6 19.7 22.2 24.6 26.3 31.4 
 ECM/BCM Ratio 0.95 0.95 1.00 1.03 1.11 1.21 1.34 1.49 
 Body Mass Index (kg/m2) 22.3 23.5 24.1 24.4 25.1 25.7 24.9 26.1  
 Basal Metabolic Rate (cals/day) 1934 1966 1938 1853 1825 1785 1669 1532 
  
 Water Compartments          
 Intracellular Water (% tbw) 61.0 60.5 59.1 58.5 56.1 53.8 51.2 48.3 
 Extracellular Water (% tbw) 39.0 39.5 40.9 41.5 43.9 46.2 48.8 51.7 
 Total Body Water (% ffm) 72.4 72.4 72.5 72.2 72.0 71.9 71.6 72.5 
 Total Body Water (% wt) 64.1 61.4 59.7 58.0 56.0 54.2 52.8 49.7 

  
FEMALES   
 
 Anthropometric1          
 Height (in) 65.6 65.2 64.5 64.2 63.4 62.7 62.0 60.3 
 Weight (lbs) 128.6 129.4 129.4 133.4  138.5 144.6 138.0 130.3 
 
 Impedance1          
 Phase Angle (º) 6.6 6.6 6.7 6.5 6.0 5.4 4.8 4.5 
 Body Capacitance (pF) 603 620 641 641 583 539 466 435 
 Resistance (ohms)  601 582 572 557  563 555  569 570 
 Reactance (ohms)   69.3 66.8 66.8  63.3 58.7 52.6 47.7 44.7 
 
 Mass Distribution          
 Body Cell Mass (% wt) 38.1 37.1 36.3 34.5 31.5 27.7 25.7 24.0 
 Extracellular Mass (% wt) 40.3 40.4 39.8 39.7 39.4 38.0 38.5 38.4 
 Fat-Free Mass (% wt) 78.4 77.5 76.1 74.2 70.9 65.7 64.2 62.4 
 Fat Mass (% wt) 21.6 22.5 23.9 25.8 29.1 34.3 35.8 37.6 
 ECM/BCM Ratio 1.06 1.09 1.10 1.15 1.25 1.37 1.50 1.60 
 Body Mass Index (kg/m2) 21.0 21.4 21.9 22.7 24.2 25.8 25.2 25.2 
 Basal Metabolic Rate 1426 1420 1395 1401 1388 1345 1254 1151 
 
 Water Compartments          
 Intracellular Water (% tbw) 55.6 54.5 54.3 52.9 50.0 47.3 45.1 43.7 
 Extracellular Water (% tbw) 44.4 45.5 45.7 47.1 50.0 52.7 54.9 56.3 
 Total Body Water (% ffm) 72.4 72.5 72.5 71.9 71.5 73.2 73.8 75.0 
 Total Body Water (% wt) 56.8 56.2 55.2 53.4 50.6 48.0 47.4 46.9 
 
           
1Kyle UG, et al. Fat-Free and Fat Mass Percentiles in 5225 Healthy Subjects Aged 15 to 98 Years. Nutrition, 17:534-541, 2001.   
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