AQUATIC THERAPY PRINCIPLES:
BUOYANCY

Objective: After reading this section, learners will be able to explain the
physical principles of buoyancy and describe how it affects patient care.

Chapter Summary: Buoyancy is a double-edged sword. It can assist
movement and allow freedom, but it can also create instability, reduce
proprioception, and alter gait patterns. The skilled therapist must har-
ness buoyancy’s potential while preparing for its complications.

Water offers something extraordinary that land therapy cannot; it fights gravity on your behalf. At
the center of this magic is buoyancy, a force that lets people move more freely, more safely, and
often more confidently than they can on dry ground. But how exactly does this force work, and why does
it matter in clinical practice?

1.1 What Is Buoyancy?

Before there were pool noodles or underwater treadmills, there was Archimedes, leaping from his
bathtub shouting “Eureka!” At the center of aquatic therapy is his age-old principle:

“When a body is wholly or partially immersed in a fluid, it experiences an upthrust equal to the
weight of fluid displaced.”

That upthrust has a name: buoyancy. And in the world of therapy; it’s not just physics, it's power.

Buoyancy lightens the load, both literally and figuratively. It counteracts gravity, reduces joint stress, and
lifts the patient (and sometimes the therapist) out of the grind of land-based rehab. Movements that are
painful or impossible on land suddenly become achievable, even joyful.

But the story isn't all lift and lightness. When a person is immersed, gravity pulls downward through the
center of gravity, while buoyancy pushes upward through the center of buoyancy. These two centers rarely
align, creating the potential for rotation, instability, or unpredictable movement patterns. Sometimes
that’s helpful. Sometimes it's havoc.

Understanding this interplay allows the therapist to anticipate how a patient will behave in the water so
that it becomes possible to plan interventions that use buoyancy strategically, not blindly. In the hands of
an informed clinician, buoyancy becomes more than a force; it becomes a partner.
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1.2 Buoyancy in the Aquatic Therapy Setting

Understanding Relative Density

Buoyancy is not one-size-fits-all. Some patients float like corks; others plummet like kettlebells. The
difference lies in relative density, a comparison between the density of the body and the density of water.
The water in your pool has a relative density of 1.0 g/cm”. If a patient’s overall body density is less than
that, they’ll float. More than that, and they’ll sink. Right at 1.0? They’ll hover, suspended in that sweet spot
between sinking and surfacing. (Becker, 2009)

On average, the human body is just slightly less dense than water, especially when the lungs are full of air.
Lean muscle tissue is relatively dense (around 1.08 g/cm?), while fat tissue is lighter (about 0.9 g/cm?).
So, individuals with higher body fat tend to float more easily than their muscular counterparts. But lung
volume is often the deciding factor. A single deep breath can be the difference between graceful bobbing
and bottom-hugging submersion. (Pendergast)

This delicate balance means that minor shifts in physiology, posture, or emotional state can dramatically
change how a person interacts with buoyancy. For the clinician, understanding why patients float (or
don't) is essential to safe and effective handling.

A key factor that affects floatation is anxiety. Anxious patients may adopt guarded, flexed postures, holding

themselves in shortened, protective positions.

Why People Sink
Not every patient floats. And even when they do, not all body parts float equally. Here are some common
reasons why your patient might sink:

Spasticity and High Tone: Chronically contracted muscles are denser and tend to pull limbs into tight,
inflexible postures. Patients with hemiplegia, for instance, often rotate toward the spastic side when
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immersed, making midline control a challenge. (Xiang; Iatridou)

Hypertrophied Muscle Mass: Athletes with significant leg or upper body development may sink like
stones. High muscle-to-fat ratios increase total body density, particularly in the lower half—requiring
more therapist assistance or flotation support to stay balanced. (Pendergast)

Restricted Breathing: Anxious patients may unconsciously take shallow, rapid breaths, limiting lung
expansion and reducing their natural floatation aid. This can also be an issue in patients with emphysema,
muscular dystrophy, or other conditions that impair respiratory mechanics. Less air in the lungs equals
less buoyant lift.

Neurologic Guarding: Patients who are fearful or neurologically guarded may present with rigid postures
and increased muscle co-contraction, further decreasing their ability to stay afloat and increasing energy
expenditure. (Becker, 2020)

In all these cases, buoyancy becomes a moving target, something to be assessed, managed, and continually
recalibrated as the session progresses. (Cuesta-Vargas)

Why People Float
On the other end of the spectrum are patients who float easily—and sometimes too much. These
individuals present a different set of challenges:

Flaccidity and Hypotonia: Patients with neurologic conditions like stroke, spinal cord injury, or post-
polio syndrome may have low resting muscle tone and increased water displacement due to muscle
atrophy. This makes them natural floaters, but also prone to uncontrolled rolling or drifting, especially if
asymmetries are present. (Palladino; Manning)

Higher Body Fat Percentage: Adipose tissue is significantly less dense than water. Patients with obesity,
lipomeningocele, or other adipose-dominant conditions may float with minimal effort. This can be
helpful—especially in early mobility—but it may also make postural control and strength-building more
difficult, as their limbs tend to ride the surface without resistance. (Becker 2009)

Deep, Relaxed Breathing: Teaching diaphragmatic breathing isn't just good for stress reduction. It
physically expands the lungs, increases floatation, and improves midline stability. A patient who learns
to slow their breath may gain more postural control than they would with any external floatation device.
(Becker 2009)

In both floaters and sinkers, buoyancy is never neutral. It amplifies asymmetry; alters proprioception, and
changes the very nature of movement. (Marinho-Buzelli) The therapist’s job is to understand how each
patient relates to buoyancy—and to use that knowledge to design interventions that are safe, effective,
and progressive.
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1.3 Clinician Advantages of Buoyancy

Joint Offloading and Pain Relief

Water acts as a mechanical ally. Its upward thrust reduces the effective weight of the body in direct
proportion to the depth of immersion. Most therapists in the water have heard these numbers and they
continue to stand up over time. At rest, immersion to the anterior superior iliac spine (ASIS) results in
approximately 50% of body weight bearing, immersion to the xiphoid process results in approximately
25-30% of body weight bearing, while immersion to the C7 vertebra results in approximately 6-10% of
body weight bearing. (Pendergast)

This oftloading allows patients with degenerative joint disease, spine conditions, or post-operative pain
to move with significantly reduced compressive forces. Instead of waiting for pain to subside or tissue to
fully heal before initiating movement, therapists can introduce gait, squats, lunges, and dynamic balance
exercises earlier—and with less risk of exacerbating symptoms. The American Academy of Orthopaedic
Surgeons specifically notes that aquatic exercise is beneficial for pain and function in osteoarthritis,
supporting early and safe mobilization. (American Academy of Orthopedic Surgeons)

What's more, during dynamic tasks like walking, both velocity and depth modulate joint loading. Faster
movements naturally increase resistance, so therapists may need to adjust water depth to maintain optimal
unloading. (Kutzner; Evans) The ability to titrate load by manipulating depth is one of buoyancy’s most
powerful features—and one of the simplest to control in real time.

Reduced Muscle Activation and Neuromuscular Demand
In water, muscles that normally battle gravity are given a reprieve. Electromyographic (EMG) studies
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have shown significantly reduced activation in antigravity and postural muscles during immersion,
particularly at cervical levels (Cuesta-Vargas, Bressel)

This reduction serves two purposes:

1. It decreases overall neuromuscular demand, which is especially beneficial for patients with fatigue-
related disorders, neuromuscular impairments, or pain-induced inhibition.

2. It provides a calming sensory environment. Pressure receptors are activated through hydrostatic
pressure, while proprioceptive input from the feet and spine is dampened—an effect that can down-
regulate sensory overload in patients with spasticity, central sensitization, or sensory processing
challenges. (Becker, 2020)

However, reduced input means therapists must compensate. Balance and coordination may rely more on
visual or vestibular cues than on somatosensory feedback. For many, this shift is therapeutic. For others,
particularly those with visual deficits or vestibular disorders, it introduces a new layer of challenge that
must be managed clinically. (Marinho-Buzelli, Appiah-Kubi)

Built-In Resistance and Graded Progression

One of buoyancy’s greatest advantages is its adaptability. It resists movement in one direction and assists
in the opposite—making every exercise inherently progressive without requiring bands, weights, or
external resistance. To assist a movement, therapists can move the patient in the direction buoyancy
wants to go—such as supporting upward arm lifts or floating transitions. To increase difficulty, therapists
simply ask the patient to move against buoyancy, such as pushing down into the water or resisting vertical
lift. (Murray)

This principle allows clinicians to precisely scale exercises based on diagnosis, goal, and fatigue level.
It also enables dynamic adjustments mid-session—without equipment swaps or reconfiguring the
environment. (Fail)

Therapist Efficiency and Load Sharing

In aquatic therapy, the water becomes your co-therapist. Buoyancy assists with body support, which
decreases the physical burden on the clinician and opens the door to more complex manual work,
cueing, or neuromuscular facilitation. With heavier or immobile patients, buoyancy replaces the need
for ceiling lifts or double-assist transfers. For smaller therapists working with bariatric clients or children
with high tone, water provides an essential buffer—allowing for repositioning, rotation, or support with
far less effort and risk of injury. (Palladino, Veldema, Manning)

This built-in support enhances therapist longevity and reduces cumulative strain on the therapists own
body. It also enables more fluid handling transitions, especially in patients who are impulsive, fearful, or
unable to follow multi-step commands. (Xiang)
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1.4 Clinician Disadvantages of Buoyancy

Loss of Proprioception and Balance Feedback

Buoyancy reduces the gravitational compression on joints and tissues—a blessing for painful or unstable
structures, but a curse for proprioceptive clarity. Without adequate weight-bearing, patients receive less
somatosensory input from the soles of their feet, their joints, and their vestibular systems. This can be
particularly problematic for those with existing sensory deficits (e.g., post-stroke, diabetic neuropathy,
vestibular dysfunction), where even subtle disruptions in feedback loops can increase the risk of
disorientation or postural drift. (Marinho-Buzelli, 2017 and 2024)

For example, in water at neck depth, the reduction in body weight can reach 90%, dramatically decreasing
the proprioceptive load required for balance corrections (Becker, 2009). As a result, therapists must often
rely on alternative strategies—visual targets, tactile prompts, or verbal cues—to help patients orient
themselves in space.

Asymmetry and Instability

Buoyancy acts unevenly on the body. Fatty tissue floats; muscle and bone sink. Flaccid limbs drift.
Spastic limbs resist. When tone is imbalanced, as in hemiparesis or dystonia, the water amplifies these
asymmetries. The result is a tendency toward rolling, spinning, or drifting—especially in vertical positions.
Therapists often find themselves “midwifing alignment,” using flotation devices, manual contact, or pool
walls to counter unwanted rotation. (Becker, 2020)

In neurological rehab, managing these forces is not optional; it’s foundational. Poor control of asymmetry
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STUDIES THAT SHOW THE EFFECTS OF BUOYANCY ON THE HUMAN BODY...

HEYWOOD, 2016

Vertical ground
reaction forces
(VGRF) during
gait and function-
al exercises are
significantly lower
in water compared
to on land, while
lower limb range of
movement and mus-
cle activity remain
similar between the
two environments.

STUART, 2015

Anatomic land-
marks can be used
to facilitate predict-
able partial lower
limb loading during
aquatic weight-bear-
ing exercises. This
finding is crucial for
designing rehabilita-
tion programs.

EVANS, 2021

Stride duration
increases with water
depth, with the lon-
gest stride duration
observed at xiphoid
process depth. Mus-
cle activity increases
significantly at knee
and pelvis depths
compared to land-
based walking.

KUTZNER, 2017

Aquatic exercises
reduce hip and knee
joint loading by
36-55% compared to
land-based exer-
cises, with absolute
reductions being
greater than 100%
body weight during
weight-bearing and
dynamic activities.

FIORI, 2024

During slow walk-
ing, there is higher
co-activation of
antagonist muscles
around the knee
and ankle joints to
maintain stability.
As speed increases
to running, the
co-activation shifts
to a more dynamic
pattern.
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can reinforce pathological movement patterns, especially in early aquatic re-introduction.

Overdependence on Aquatic Support

Water gives patients an exhilarating sense of independence, especially those who are mobility-limited on
land. But this can backfire. When patients become accustomed to buoyancy-supported gait, they may
resist transitions to gravity-dominant environments. In fact, some patients progress in the pool, only
to regress on land, not because of physical deconditioning, but due to learned reliance on buoyancy for
postural control. (Marinho-Buzelli)

This phenomenon is particularly relevant in gait training, where patients may demonstrate improved
walking and balance in the pool but experience difficulty replicating these gains on land due to the
absence of buoyant support. (Manning, Ghayour)

Thats why aquatic progression must include bridge strategies: partial immersion practice, poolside
weight-bearing transitions, and land-based task simulation. The goal isn't function in the pool, it
function on terra firma.

Suppressed Postural Reflexes

The same physics that cushion the impact of falls also diminish the body’s natural reactive strategies.
(Melo, Dong, Manning, Fail) In water, perturbations are slower, softer, and more dispersed. (Pieniazek ,
Evans) The result? A relative suppression of postural righting, protective extension, and other equilibrium
responses. While this may allow more time to react to a fall, it reduces the need to practice fall recovery
or refine balance thresholds. (Kim, Terrens)

For geriatric or neurologically impaired patients, this is a double-edged sword. Therapists must
deliberately design activities that challenge balance safely—such as variable-depth walking, turbulence-
induced perturbation, or float-to-stand transitions—to retrain reflexive protective strategies. (Terrens,
Liu)

Demands on Clinical Handling Skills

The clinical use of buoyancy requires a therapist to be actively tuned to subtle shifts in tone, alignment,
and patient response. (Melo) As just one example, the American Physical Therapy Association, in its
clinical practice guideline for Parkinson disease, implies the need for skilled clinical judgment in selecting
and progressing aquatic interventions. (Osborne) Handling a patient in water is dynamic and variable.
It's not just where you place your hands—it's how much resistance you create, what angle you tilt the
body, and how fast you shift planes of movement.

This makes aquatic therapy a poor setting for novice therapists without strong observation, motor
learning, and hands-on skills. Just as you wouldn't put a student therapist in charge of a complex spinal
mobilization, you don't throw them into 92-degree water with a child with spastic diplegia and say,
“Go float him” Buoyancy demands finesse. It doesn't forgive sloppiness—it just hides it until you try to
replicate the outcome on land.
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REDUCED PHYSICAL BURDEN

One of the most immediate advantages to buoyancy is that the water supports the patient’s
body, reducing the physical burden on the therapist. Tasks that would be physically demanding
onland are made far easier in the water.

A SECOND SET OF HANDS

Buoyancy acts as a second set of hands, lifting and suspending the patient while the therapist
works. Because of this unique property of water, the patient can be moved, rotated, or floated
into positions that would be impractical or impossible on land.

A “PASS-THROUGH” TREATMENT TABLE

Water also serves as a “pass-through” plinth — a concept that may be unfamiliar but is
incredibly useful. Because the body is not resting on a mat or treatment table, the therapist
can access areas of the body from nearly any angle.

A PROGRESSIVE EXERCISE MEDIUM

Water permits the therapist to scale resistance quickly and intuitively in water without the need for
equipment changes or external tools. By adjusting the direction of movement relative to buoyancy
— from assisted to neutral to resisted — the difficulty of a task can be modified in real time.

HIGHLY INDIVIDUALIZED CARE

These unique advantages make aquatic therapy not only more efficient but more adaptable.
They allow therapists to provide highly individualized care, meet patients at their current
functional level, and respond to challenges as they arise — all while protecting their own
bodies from unnecessary strain.
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1.5  Chapter Summary

Buoyancy is more than a principle. Its a presence in every aquatic session. Used with insight, it lightens
load, reduces pain, enables movement, and supports progress. Misused or misunderstood, it can confuse
feedback, create instability, and foster dependence.

As aquatic therapy providers, we don't just work in water. We work with it. Buoyancy is our co-therapist
— sometimes lifting, sometimes pulling, always acting. Our job is to know when to lean on it, when to
push against it, and when to let it do its quiet work beneath the surface.
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Reduced Physical Burden

Water does the heavy lifting. Literally. The moment your patient steps into the pool, your job gets lighter
— and not just in theory. Movements that would leave you sweaty, breathless, or needing a second set of
hands on land? In water, they become manageable. Buoyancy shrinks your to-do list with every inch of
immersion.

A Second Set of Hands

Buoyancy is your invisible tech. It lifts, suspends, and stabilizes — letting you position, stretch, or mobilize
your patient without wrestling gravity. It like gaining a floating assistant who never clocks out.
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A “Pass-Through” Treatment Table

Water flips the script on body mechanics. The patient isn’t anchored to a mat or table, so youre not
limited to reaching from above or working one side at a time. Instead, the whole body is available — from
any angle, without flipping or flopping. It’s like having a 360-degree plinth that floats.

A Progressive Exercise Medium
Buoyancy isn't just support — it’s resistance waiting to be harnessed. Change the direction of movement

and you change the difficulty, instantly. No equipment swap. No fiddling with weight stacks. Just a
seamless shift from assistive to resisted movement, tailored on the fly.

Highly Individualized Care

The water meets patients where they are — not where your land-based protocols say they should be. That
means more adaptive sessions, fewer failed attempts, and real-time tailoring without compromise. It also
means your back and shoulders get to go home at the end of the day, unbruised by heroics.
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BUOYANCY LAB 1: Let Buoyancy Help a Limp Limb Move Station: Pool Bottom (Standing)

How It Works:
On land, gravity gets the last word. Weak shoulders, stiff rotator cuffs, post-op deltoids — they all lose
the argument when asked to lift against a full 10-pound limb. But in the water, the rules change. That

arm? It suddenly weighs closer to nothing. Buoyancy supports the weight while muscles still get to show

up and contribute — just at a more reasonable entry level.

Setup:
Water Depth: Neck- to shoulder-deep
Equipment: None (skip the floaties — seriously)

Instructions:

Stand upright in neck- to shoulder-depth water.

Slowly raise the arm into flexion or abduction.

Move deliberately; fast movement turns into drag, not magic.
Avoid flotation devices — they hijack the mechanics.

Teaching Tip:

Floatation seems like it helps, but it cheats. Instead of recruiting the right movers (shoulder flexors,

abductors), your patient winds up using their extensors just to fight the float. Let the water assist — not

override — natural motion.

Details: Water takes the load off. This makes it easier for weak muscles to initiate movement. But

too much buoyancy (from devices) flips the script and breaks the pattern. We want a gentle nudge

fromnature — not a tricked-out assist.
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BUOYANCY LAB 2: Mock a Weight-Bearing Surface Using a Float Station: Pool Bottom (Standing)

How It Works:

Who says you need solid ground to get weight-bearing input? In water, the rules change. When you
push down on a buoyant object — like a foam ball or kickboard — it pushes back. That's Newton. And
that’s also muscle activation, joint compression, and proprioception... all happening in a pool.

Setup:
Water Depth: Chest-deep
Equipment: Foam ball or kickboard

Instructions:
. Have the patient submerge the ball or board.

. Cue them to press it down to specific positions (clock faces or elevator floors).
. Progress by increasing speed, reps, or depth.
Teaching Tip:

This is kinesthetic gold. It builds strength, control, and body awareness — with zero risk of hard impact.
Plus, it adapts to any ability level.

Details: On land, weight-bearing means pressing into an immovable object. In water, we flip the
formula: pressing into something that wants to move (upward). The result? Responsive, low-impact
loading that mimics functional pressure while preserving joints. Add directional movement, and you
also get movement-based feedback. Smart, simple, and surprisingly effective.

BUOYANCY LAB 3: Use Buoyancy to Practice Sit-to-Stand Station: Pool Steps or Bench (Seated)

How It Works:

Standing up from a chair might be a dealbreaker on land — especially for folks with weak quads, bad
knees, or a lingering fear of faceplants. But in water, buoyancy lightens the load, making that same
transfer feel doable (and less scary).

Setup:
Water Depth: Mid-chest while seated
Equipment: Pool-safe bench, step, or anchored chair

Instructions:

. Position the patient on the bench, submerged to mid-chest.
. Cue a slow rise to standing, then return to sitting.

. Use minimal hand support. Encourage upright alignment.
. Progress by removing support or shortening rest time.
Teaching Tip:

This is kinesthetic gold. It builds strength, control, and body awareness — with zero risk of hard impact.
Plus, it adapts to any ability level.
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Details:

Buoyancy is the original bodyweight modifier. The deeper the immersion, the lighter the patient feels.
That makes it easy to scale up or down without switching stations or hauling out new gear. Confidence
grows as perceived effort decreases — and that, more than anything, changes outcomes.

BUOYANCY LAB 4: Use Buoyancy to Reduce Friction for ROM Station: Supported by Equipment
(Supine Float)

How It Works:

Ever tried to do a snow angel on a yoga mat? It’s all drag and resistance. In water, though, buoyancy lifts
the body just off the surface — reducing friction and opening up range. The patient gets to float through
the frontal plane without their limbs fighting the floor.

Setup:
Water Depth: Neck- to shoulder-deep
Equipment: None (skip the floaties — seriously)

Instructions:

o  Stand upright in neck- to shoulder-depth water.

o Slowly raise the arm into flexion or abduction.

o Move deliberately; fast movement turns into drag, not magic.
o Avoid flotation devices — they hijack the mechanics.

Teaching Tip:

Floatation seems like it helps, but it cheats. Instead of recruiting the right movers (shoulder flexors,
abductors), your patient winds up using their extensors just to fight the float. Let the water assist — not
override — natural motion.
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Details:

Water cancels out the cling of gravity and friction. With floatation in the right places, patients are freed
up to move smoothly across planes that would otherwise be blocked. Perfect for sensory integration or
patients who need to trust their bodies again.

BUOYANCY LAB 5: Use Buoyancy as a Treatment Table Upgrade Station: Supported by Equipment
(Supine Float)

How It Works:

Tables are great... until they get in your way. Try mobilizing a thoracic spine on land and you’re either
twisting into circus poses or propping on pillows. In water? It’s easy. The patient floats in neutral, and
you get full access — front, back, even underneath.

Setup:
Water Depth: Deep enough for full float
Equipment: Floatation at head, pelvis, knees

Instructions:

. Float patient supine in neutral alignment.

. Perform hands-on work (joint mob, myofascial release, oscillation).
. Use gentle water movement to enhance feedback.

Teaching Tip:
The water is your table — and you can reach through it. That means no straining, no flipping the
patient, and no one gets stuck face down.

Details:
Land-based tables restrict what you can reach. Water doesn’t. Use this platform for spinal mobility, rib
cage work, or pelvic resets. It’s safe, suspended, and therapist-friendly.
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BUOYANCY LAB 6: Flip the Script — Use Buoyancy for Resistance Station: Pool Bottom (Standing)

How It Works:

Most people think of buoyancy as assistive. But flip the direction, and it resists. Attach a float to the
ankle, and ask the patient to push it down. Now they’re activating glutes and hamstrings against upward
force — a clever way to load specific muscle groups.

Setup:
Water Depth: Chest-deep
Equipment: Buoyant cuff or float strapped to ankle

Instructions:

. Stand tall. Attach float to ankle.

. Cue the patient to extend the hip (push the float downward).
. Control the return as the float rises.

. Progress by reducing support or increasing reps.

Teaching Tip:

This isolates one direction of movement — great for targeted strengthening. Use when you want to bias
concentric/eccentric control of a single muscle group.

Details:
Submerged float = upward force. Any effort to depress it means targeted, water-based resistance. It’s
especially useful for post-op glutes, hesitant movers, or patients who need joint-safe loading with clear

intent.
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