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Understanding an athlete’s body composition is fundamental for optimizing performance,
assessing health status, and tailoring training programs. Among various methods available,
one of the most accurate and widely used techniques involves weighing the athlete in
air—often through a process called Air Displacement Plethysmography (ADP)—and then
measuring her body composition through other precise methods. This approach provides
valuable insights into body fat percentage, lean muscle mass, and overall health metrics.

In this article, we will explore the detailed process of determining an athlete’s body fat
through this two-step weighing method, the science behind it, benefits, limitations, and
practical considerations. Whether you’re an athlete, coach, or health professional,
understanding these procedures can help you make informed decisions about training and
health management.

Understanding Body Composition and Its
Importance for Athletes

What Is Body Composition?
Body composition refers to the proportion of fat, muscle, bone, and other tissues that make
up a person's body. For athletes, maintaining an optimal body fat percentage is crucial for
performance, endurance, and injury prevention.

Why Is Measuring Body Fat Important?
- Performance Optimization: Reducing excess body fat can improve speed, agility, and
strength.
- Health Monitoring: Excessive body fat increases the risk of cardiovascular disease,
diabetes, and other health issues.
- Training Effectiveness: Tracking body composition helps evaluate the effectiveness of
training and nutrition programs.
- Aesthetic Goals: For athletes engaged in sports where appearance matters, knowing body
fat percentage is vital for achieving aesthetic objectives.



The Process of Weighing in Air and on Body
Composition Devices

The First Step: Weighing in Air – Air Displacement
Plethysmography
Air Displacement Plethysmography (ADP) is a highly accurate technique used to determine
body volume and, consequently, body density. The process involves the athlete sitting in a
sealed chamber (like the BodPod) where the device measures the volume of air displaced
by her body.

How it works:
- The athlete is seated comfortably inside the chamber.
- The device measures the amount of air displaced by the athlete’s body.
- The athlete’s weight is measured separately using a standard scale.
- Using the volume and weight data, the device calculates body density.

Why use air displacement?
Because it offers a quick, non-invasive, and reliable measure of body volume, which is
essential for accurate body composition analysis.

The Second Step: Complete Body Composition
Measurement
Once the body volume is known, the next step involves calculating body fat percentage
using established equations such as Siri’s or Brozek’s formulas, which relate body density
to body fat.

Additional methods for validation:
- Bioelectrical Impedance Analysis (BIA): Measures resistance to electrical currents to
estimate body composition.
- Dual-Energy X-ray Absorptiometry (DXA): Provides detailed bone, fat, and lean tissue
analysis.
- Hydrostatic Weighing: Measures water displacement to determine body density.

However, in the context of the initial weighing in air, ADP remains one of the most practical
and accurate methods for athletes.

Step-by-Step Process for Accurate Body Fat
Measurement

1. Preparation:
- Athletes should avoid eating or drinking 2–4 hours before testing.
- Refrain from vigorous exercise 12 hours prior.



- Wear tight-fitting clothing or minimal clothing for accurate measurements.
- Ensure the athlete is well-hydrated but has avoided excessive fluid intake just before
testing.

2. Weighing in Air (ADP):
- The athlete sits in the BodPod or similar device.
- The device measures air displacement to determine volume.
- The athlete’s weight is recorded separately on a calibrated scale.

3. Calculating Body Density:
- Using the volume and weight data, the device computes body density.

4. Calculating Body Fat Percentage:
- Apply formulas like Siri’s equation:
\[
\text{Body Fat Percentage} = \left( \frac{4.95}{\text{Body Density}} - 4.50 \right) \times
100
\]
- Or Brozek’s formula:
\[
\text{Body Fat Percentage} = \left( \frac{4.57}{\text{Body Density}} - 4.19 \right) \times
100
\]

5. Interpreting Results:
- Compare the measured percentage to normative data for athletes.
- Use results to adjust training, nutrition, and recovery strategies.

Advantages of Weighing in Air and Using ADP

- High Accuracy: Considered one of the gold standards in body composition testing.
- Non-invasive: No need for skinfold calipers or submersion.
- Quick and Convenient: Test duration is usually less than 10 minutes.
- Suitable for Athletes: Minimal discomfort and highly reliable for active individuals.

Limitations and Considerations

- Cost: Equipment like BodPod can be expensive and may require access to specialized
facilities.
- Hydration Status: Variations in hydration can affect results; consistent testing conditions
are vital.
- Clothing and Positioning: Proper attire and proper posture during testing are essential for
accuracy.
- Not Suitable for All Populations: Severe obesity or certain health conditions may affect
measurement accuracy.



Practical Tips for Accurate Body Fat
Measurement

- Schedule tests at the same time of day to ensure consistency.
- Avoid alcohol, caffeine, and diuretics 24 hours before testing.
- Be well-hydrated but avoid excessive intake.
- Follow all instructions provided by the testing facility or technician.
- Use the results as part of a comprehensive health and performance assessment.

Conclusion

Determining an athlete’s body fat through weighing in air and subsequent body
composition analysis provides a precise, reliable, and non-invasive method for assessing
health and performance readiness. By measuring body volume via Air Displacement
Plethysmography and calculating body density, coaches and health professionals can
obtain accurate insights into body fat percentage, enabling tailored training and nutritional
strategies.

Understanding the science and process behind these measurements allows athletes to
track their progress objectively and make informed decisions to optimize their athletic
performance. While the equipment and expertise involved may come with costs, the
benefits of accurate body composition data make it a worthwhile investment for serious
athletes committed to excellence.

Remember: Regular testing under consistent conditions will yield the most reliable data,
helping athletes stay on track toward their health and performance goals.

Frequently Asked Questions

What is the purpose of weighing an athlete both in air
and while she is completely submerged in water?
This method helps determine the athlete's body density by comparing her weight in air and
underwater, which is then used to estimate her body fat percentage.

How does underwater weighing accurately measure
body fat?
Underwater weighing measures body volume based on water displacement, and combined
with body weight in air, it allows calculation of body density, which correlates with body fat
content.



Why is it important to weigh the athlete in air before
underwater weighing?
Weighing in air provides the athlete's dry weight, which is necessary for calculating body
density when combined with underwater weight measurements.

What is the significance of the athlete being completely
submerged during the measurement?
Complete submersion ensures accurate measurement of water displacement, which is
essential for precise calculation of body volume and body fat percentage.

Are there any specific preparations an athlete should
do before undergoing underwater weighing?
Yes, athletes are usually advised to avoid eating, drinking, or exercising before the test,
and to wear minimal clothing to ensure accurate measurements.

Additional Resources
To determine an athlete's body fat, she is weighed first in air and then again
while she's completely submerged—an intriguing process that combines
principles of physics, physiology, and advanced measurement techniques. This
method, often associated with hydrostatic weighing or underwater weighing, has
long been regarded as one of the most accurate ways to assess body
composition. In this article, we will explore the science behind this process, its
methodology, advantages, limitations, and its place in modern sports science
and health assessments.

Understanding Body Composition and the Need
for Accurate Measurement

The Significance of Body Fat Measurement in Athletes
Body composition, which refers to the proportions of fat, muscle, bone, and other tissues in
the body, is a critical metric for athletes. While overall weight provides a general overview,
it does not distinguish between fat mass and lean mass. For athletes, especially those in
weight-class sports or endurance disciplines, knowing exact body fat percentages can
influence training, nutrition, and performance strategies.

Having a low body fat percentage is often associated with enhanced athletic performance,
increased strength-to-weight ratio, and improved endurance. Conversely, excessive body
fat can hinder agility, speed, and overall health. Therefore, precise measurement methods
are essential for tailoring individualized training programs and tracking progress.



The Challenge of Accurate Body Fat Measurement
Many traditional methods—such as skinfold calipers, bioelectrical impedance analysis (BIA),
and girth measurements—offer convenience and cost-effectiveness but are subject to
variability and inaccuracy, especially among athletes with extreme muscularity or low fat
levels. As a result, methods that can provide more precise and reliable data are highly
valued in sports science.

This is where hydrostatic weighing, often termed underwater weighing, comes into play. It
leverages fundamental physics principles to accurately assess body density, which can then
be converted into body fat percentage using established equations.

The Science Behind Weighing in Air and
Underwater

Principles of Hydrostatic Weighing
Hydrostatic weighing is grounded in Archimedes' principle, which states that a body
submerged in a fluid experiences an upward buoyant force equal to the weight of the
displaced fluid. When an individual is weighed in water, the difference between their land
weight and submerged weight allows for the calculation of their body volume.

Key concepts:
- Body density: the ratio of body mass to body volume.
- Water displacement: the amount of water displaced during submersion correlates to body
volume.
- Body fat percentage: derived from body density using specific formulas, such as Siri's or
Brozek's equations.

The process involves:
1. Measuring the person's weight in air.
2. Measuring the person's underwater weight.
3. Calculating body volume from water displacement.
4. Computing body density.
5. Estimating body fat percentage from density.

Why Weigh in Air First?
Weighing first in air establishes the person’s dry weight, serving as the baseline for
subsequent calculations. This weight is necessary to determine the person's mass
accurately before submersion. It’s also used to correct for residual lung volume (the
amount of air remaining in the lungs after exhalation), which influences the submerged
weight measurement.



Weighing While Fully Submerged
The second measurement involves weighing the athlete while she is fully submerged in
water, typically in a specialized tank or pool with accurate scales. Prior to submersion, the
athlete exhales as much air as possible to minimize lung volume, which could otherwise
affect buoyancy and skew results.

This underwater weight reflects the force of gravity minus the buoyant force from displaced
water. The difference between dry weight and underwater weight provides the volume of
water displaced, which is directly related to body volume.

Methodology in Practice

Preparation and Standardization
To ensure reliable results, several preparatory steps are followed:
- The athlete avoids eating or drinking heavily prior to measurement.
- She wears minimal clothing or a standardized swimsuit.
- She is instructed to avoid strenuous activity before testing.
- She exhales completely before underwater weighing to reduce lung volume.
- Residual lung volume is measured separately through spirometry or predicted via
standard formulas.

Step-by-Step Procedure
1. Initial Weighing in Air:
- The athlete stands on a calibrated scale.
- The weight is recorded accurately.
2. Residual Lung Volume Measurement:
- Using spirometry or other techniques, the residual lung volume is determined to correct
submerged weight calculations.
3. Submersion and Underwater Weighing:
- The athlete exhales fully and is gently submerged.
- She remains still to avoid movement affecting measurements.
- Underwater weight is recorded using a specialized scale or load cell.
4. Calculation of Body Volume:
- Water displacement is calculated from underwater weight, considering water density and
residual lung volume.
5. Determining Body Density:
- Using the known body mass and volume, body density is calculated.
6. Estimating Body Fat Percentage:
- Applying formulas like Siri's equation:

\[
\text{Body Fat \%} = \left( \frac{4.95}{\text{Body Density}} - 4.50 \right) \times 100
\]



- or Brozek's equation, depending on the data and context.

Advantages of Weighing in Air and Underwater

High Accuracy and Reliability
Hydrostatic weighing is often regarded as the gold standard for body composition analysis,
with accuracy within 1-3% of true body fat percentage. Its precision stems from direct
measurement of body volume and the application of fundamental physics principles.

Consistency and Reproducibility
When performed under standardized conditions, hydrostatic weighing provides consistent
results across different assessments, making it valuable for tracking changes over time.

Comprehensive Data
Beyond body fat percentage, this method yields data about lean mass, fat mass, and body
density, offering a holistic view of an athlete’s physique.

Limitations and Challenges

Technical Complexity and Cost
Hydrostatic weighing requires specialized equipment, trained personnel, and controlled
environments, making it less accessible for routine assessments in gyms or clinics.

Time-Consuming Procedure
The process can take 30 minutes to an hour per individual, limiting throughput, especially
in large teams or clinical settings.

Participant Comfort and Cooperation
Exhaling fully, remaining still underwater, and tolerating submersion can be challenging for
some individuals, potentially affecting accuracy.

Assumptions and Potential Errors
- Accurate measurement of residual lung volume is critical; inaccuracies can skew results.



- Variations in water temperature and density require careful calibration.
- Differences in hydration levels can influence assessments, although less so than other
methods.

Modern Alternatives and Complementary
Techniques

While hydrostatic weighing remains a benchmark, advances in technology have introduced
alternative methods such as:

- Dual-energy X-ray Absorptiometry (DXA): Provides detailed bone and soft tissue analysis
with minimal participant discomfort.
- Air Displacement Plethysmography (BodPod): Uses air displacement instead of water,
offering a quicker and less invasive option.
- Bioelectrical Impedance Analysis (BIA): Portable and easy to perform, though less
accurate.
- 3D Body Scanning and Imaging: Emerging techniques providing comprehensive body
composition data.

Each method has its own trade-offs between accuracy, cost, convenience, and applicability.

The Role of Hydrostatic Weighing in Sports and
Health

Hydrostatic weighing remains a vital tool in elite sports training, research, and clinical
assessments. Its high accuracy makes it ideal for:

- Establishing baseline body composition in athletes.
- Monitoring changes in response to training, diet, or medical interventions.
- Conducting scientific studies on body composition and performance.

In clinical settings, it assists in diagnosing obesity, malnutrition, or disease-related muscle
wasting.

Conclusion: The Art and Science of Precise
Measurement

Determining an athlete’s body fat through weighing in air and underwater exemplifies the
intersection of physics and physiology. Despite being resource-intensive, this method offers
unparalleled accuracy, making it a cornerstone in sports science and health assessment. Its
rigorous approach underscores the importance of precise measurement in optimizing
performance, guiding training, and ensuring health. As technology advances, newer



methods continue to emerge, but hydrostatic weighing remains a benchmark for accuracy,
reminding us of the enduring value of scientific principles in understanding the human
body.

In essence, the process of weighing in air and then while completely submerged provides a
detailed and reliable snapshot of an athlete’s body composition—an essential step toward
achieving peak performance and maintaining health.
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