Gait cycle for an Above knee amputee with and without a knee flexion contracture and various prosthetic knee applications:
Tom LeTourneau L.P.O., C.P.O. , F.A.A.O.P.
1. Full explanation of AK prosthetic gait
· Stance and swing mechanics
· Hip musculature roles
· Compensatory strategies
· Pelvic motion differences
2. Muscle‑by‑muscle breakdown
· Gluteus maximus
· Iliopsoas
· Quadratus lumborum
· Adductors
· Abdominals
· Lumbar extensors
· Residual limb musculature
3. Gait‑cycle timing graph
· Prosthetic stance %
· Prosthetic swing %
· Sound‑side stance %
· Comparison to non‑amputee norms
4. Illustration of hip and muscle function
· How the hip drives the prosthetic knee
· How the pelvis compensates
· How energy is transferred
5. Energy‑expenditure comparison
· AK amputee vs non‑amputee
· % increase in VO₂
· % increase in caloric cost
· Effect of microprocessor knees
6. List of mechanical 4‑bar and 5‑bar knees
Including:
· Hydraulic
· Pneumatic
· Hydraulic + pneumatic hybrid
· Stance‑phase control
· Swing‑phase control
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1. Image 1: Gait‑cycle timing graph for an AK amputee vs. non‑amputee
2. Next images:
· Hip‑muscle activation illustration
· Energy‑expenditure comparison visual
· Mechanical 4‑bar/5‑bar knee schematic






· 1. Explanation of Above‑Knee (AK) Prosthetic Gait
How an AK amputee walks with a prosthetic
Because the knee joint is absent, all knee control must be generated proximally through:
· Hip extensors (gluteus maximus, hamstrings)
· Hip flexors (iliopsoas, rectus femoris)
· Hip abductors (gluteus medius/minimus)
· Trunk stabilizers (QL, obliques, lumbar extensors)
The prosthetic knee behaves as a pendulum, and the amputee must create momentum and stability through hip torque, pelvic rotation, and weight‑shift mechanics.

Stance Phase (Prosthetic Side)
Key actions:
· Hip extensors fire strongly at initial contact to prevent knee collapse
· Trunk leans slightly forward to maintain ground‑reaction‑force alignment
· Hip abductors stabilize pelvis to prevent Trendelenburg drop
Primary muscles:
· Gluteus maximus — knee stability
· Gluteus medius/minimus — pelvic stabilization
· Quadratus lumborum — compensatory trunk lift
· Adductors — stabilize limb during mid‑stance
Swing Phase (Prosthetic Side)
Key actions:
· Hip flexors initiate prosthetic limb advancement
· Pelvis rotates forward to increase step length
· Trunk compensates to clear the prosthetic foot

Primary muscles:
· Iliopsoas — primary limb advancement
· Rectus femoris — assists hip flexion
· Abdominals — stabilize pelvis
· QL — helps with prosthetic toe clearance
2. Gait‑Cycle Timing (Image Generated Above)

Above‑Knee Amputee
· Prosthetic stance: ~60%
· Prosthetic swing: ~40%
· Sound‑side stance: ~75% (compensatory over‑reliance)
Non‑Amputee
· Stance: 60%
· Swing: 40%
The sound limb carries more load, increasing joint stress and long‑term OA risk.








Next Step: Hip & Muscle‑Function Illustration
:
Image 2 — Hip & Muscle Activation During AK Prosthetic Gait
 Illustration shows:
· Hip extensors stabilizing the prosthetic knee
· Hip flexors initiating swing
· Pelvic rotation and trunk compensation
· Color‑coded muscle activation zones

· Energy‑expenditure comparison
· Mechanical 4‑bar and 5‑bar knee list
· How hydraulic/pneumatic systems reduce metabolic cost
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Here’s the gait‑cycle timing breakdown for an above‑knee (AK) amputee walking with a prosthetic limb, expressed as percentages of the total gait cycle (100% = one full stride):
	Phase
	Description
	Approximate Duration (% of Gait Cycle)
	Notes

	Initial Contact (Heel Strike)
	Prosthetic foot contacts ground: hip extensors stabilize knee.
	0–10%
	Shorter than normal due to cautious loading.

	Loading Response (Weight Acceptance)
	Body weight transferred onto prosthetic; gluteus maximus and medius active.
	10–20%
	Often prolonged for balance and knee control.

	Mid‑Stance
	Center of mass passes over prosthetic foot; hip abductors stabilize pelvis.
	20–40%
	Reduced compared to non‑amputee (normal ≈ 30–50%).

	Terminal Stance (Heel Off)
	Body moves ahead of prosthetic foot; hip extensors maintain stability.
	40–60%
	Slightly shortened; limited ankle push‑off.

	Pre‑Swing (Toe Off)
	Weight shifts to sound limb; hip flexors begin limb advancement.
	60–70%
	Shorter due to passive knee flexion mechanics.

	Initial Swing
	Prosthetic limb lifted; iliopsoas initiate hip flexion.
	70–80%
	Require greater pelvic rotation for clearance.

	Mid‑Swing
	Prosthetic limb advances forward; trunk compensates.
	80–90%
	Often slower than normal swing.

	Terminal Swing
	Limb prepares for next contact; hip extensors decelerate limb.
	90–100%
	Slightly prolonged for positioning stability.


Summary Comparison
	Parameter
	Above‑Knee Amputee
	Non‑Amputee

	Prosthetic‑side stance
	≈ 60%
	≈ 60%

	Sound‑side stance
	≈ 75%
	≈ 60%

	Prosthetic‑side swing
	≈ 40%
	≈ 40%

	Step length asymmetry
	10–15% shorter on prosthetic side
	Symmetrical

	Cadence
	10–20% slower
	Normal


Clinical Insight
The stance phase on the prosthetic side is often shortened due to reduced confidence and lack of active knee/ankle propulsion, while the sound limb stance is prolonged to maintain balance and momentum. Microprocessor or hydraulic knees help normalize these timings by providing controlled stance flexion and adaptive swing resistance, reducing metabolic cost by up to 20–30% compared to purely mechanical systems.
An Above‑knee (AK) amputees walking with a prosthesis expend substantially more energy than non‑amputees; published data show unilateral transfemoral amputees can require ~150% of the oxygen cost of walking compared with controls, and modern microprocessor or powered assistance can reduce that excess metabolic cost by roughly 10–30% depending on device and user. 
Gait‑phase timing (schematic percentages)
· Prosthetic‑side stance: ≈ 60% of gait cycle.
· Prosthetic‑side swing: ≈ 40%.
· Sound‑side stance (compensatory): ≈ 70–75% (longer than prosthetic side). These asymmetries increase loading on the sound limb and raise overall metabolic cost. 

Energy‑expenditure schematic (AK vs non‑amputee; with/without microprocessor)
	Condition
	VO₂ cost (relative)
	Relative energy cost
	Key mechanism

	Non‑amputee (baseline)
	100%
	Baseline
	Normal ankle push‑off and knee control.

	AK amputee, mechanical knee
	≈ 150%
	~1.5× baseline
	Loss of knee/ankle power; hip must generate extra work. 

	AK amputee, microprocessor knee
	≈ 110–135%
	~1.1–1.35× baseline
	Adaptive stance control and swing damping reduce hip work; device‑dependent. 

	AK amputee, powered assistance (hip/knee)
	Varies; can approach 100–120%
	~1.0–1.2× baseline
	Active power restores some push‑off/limb advancement, lowering metabolic cost. 


Notes: the numbers above are schematic averages from clinical studies; individual results vary with amputation cause, fitness, socket fit, and prosthetic alignment. 
Why energy cost is higher for AK amputees (muscle mechanics)
· Hip extensors (gluteus maximus) produce large extension torque during prosthetic initial contact/loading to prevent knee collapse. Hip flexors (iliopsoas) then generate limb advancement during swing.
· Hip abductors (gluteus medius/minimus) and quadratus lumborum increase activity to stabilize the pelvis and clear the prosthetic foot.
· The sound limb does more work during its prolonged stance, increasing whole‑body VO₂. These altered muscle demands explain the higher metabolic cost. 
Mechanical knee types (4‑bar, 5‑bar, hydraulic, pneumatic) and how they reduce energy cost
· Polycentric 4‑bar knees (mechanical): provide a moving center of rotation that improves stability in early stance and can shorten required hip torque for stability.
· Multi‑link (5‑bar) knees: offer more complex geometry to tune rollover and toe clearance, reducing compensatory pelvic/trunk motion.
· Hydraulic knees: provide continuous, velocity‑sensitive swing and stance damping; smoother swing reduces hip flexor demand.
· Pneumatic knees: use air damping for swing control; lighter weight can reduce proximal effort but offer less fine control than hydraulics.
· Hybrid systems (hydraulic + pneumatic): combine benefits—stance stability plus adaptive swing damping—lowering hip work and perceived effort. Mechanism of energy reduction: improved stance stability reduces the need for large hip‑extensor bursts; controlled swing damping reduces the hip flexor power needed for limb advancement; better toe clearance reduces compensatory pelvic/trunk motions. 
Practical considerations and limitations
· Device effect is user‑dependent (fitness, socket fit, alignment). 
· Microprocessors and powered systems add weight and cost but often reduce metabolic costs and fall risk; benefits vary by activity and terrain. 
· Schematic energy‑expenditure comparison — above‑knee (AK) amputee vs non‑amputee
Summary: Unilateral transfemoral (AK) amputees walking with a passive mechanical prosthesis typically expend substantially more metabolic energy than non‑amputees. Modern microprocessor knees (MPKs) or powered assistance reduce that excess cost by improving stance stability and swing control, lowering hip work and compensatory trunk/pelvic motion.
Relative energy cost (schematic averages)
	Condition
	Relative VO₂ (index)
	Relative energy cost
	Typical clinical note

	Non‑amputee (baseline)
	100
	1.0×
	Normal ankle push‑off and knee control.

	AK amputee, mechanical knee
	≈ 150
	~1.5×
	Hip must supply lost knee/ankle power; large compensations.

	AK amputee, microprocessor knee
	≈ 110–135
	~1.1–1.35×
	Adaptive stance control and swing damping reduce hip work.

	AK amputee, powered assistance
	≈ 100–120
	~1.0–1.2×
	Active push‑off/assistance can approach non‑amputee cost in some users.


Schematic VO₂ trace (qualitative description)
· Horizontal axis: time (rest → steady walking)
· Vertical axis: VO₂ (oxygen consumption)
· Trace A (Non‑amputee): rises from resting baseline to a steady plateau at 100% (baseline walking VO₂).
· Trace B (AK, mechanical knee): rises higher and plateaus at ~150% of baseline.
· Trace C (AK, MPK): rises above baseline but plateaus lower than mechanical knee at ~110–135%.
· Trace D (AK, powered assist): may plateau near baseline or slightly above (~100–120%) depending on device and user.
Interpretation: the vertical separation between traces at steady state represents the extra metabolic cost; MPKs and powered systems reduce that separation by lowering proximal muscle demand and compensatory movements.


Why MPKs and powered knees lower energy cost (mechanisms)
· Improved stance stability — controlled stance flexion prevents abrupt hip‑extensor bursts to avoid knee collapse, reducing peak hip torque.
· Adaptive swing damping — smooth, velocity‑sensitive swing control reduces the hip‑flexor power needed for limb advancement.
· Better toe clearance and rollover — reduces pelvic obliquity and trunk lean, lowering energy lost to compensatory motions.
· Restored push‑off (powered systems) — replaces some ankle/knee work, directly reducing hip workload and metabolic demand.

Typical magnitude of benefit (practical view)
· Mechanical → MPK: ~10–30% reduction in the excess metabolic cost (device‑ and user‑dependent).
· Mechanical → Powered assist: can approach non‑amputee levels in some users, but results vary widely.
· Important modifiers: residual limb length and strength, socket fit, alignment, walking speed, terrain, cardiovascular fitness, and user training.

Clinical implications
· Rehabilitation focus: strengthening hip extensors/flexors and core; gait training to exploit MPK features; optimize socket fit and alignment.
· Prescription considerations: MPKs and powered knees often justify higher cost when reduced metabolic demand, improved safety, and increased community mobility are priorities.
· Outcome measurement: use VO₂ testing, 6‑minute walk, and patient‑reported exertion to quantify an individual.






How a 15° flexion contracture alters gait (illustration summary)
A 15° knee‑flexion contracture causes a persistent forward‑leaning stance, shortened step length, increased hip/trunk muscle demand, and greater metabolic cost; these changes are visible as increased stance‑phase percentage, reduced terminal extension, and compensatory pelvic/trunk motions. 

· Posture: Knee cannot fully extend → forward trunk leans and anterior shift of ground‑reaction force to maintain stability. 
· Stance mechanics: Prolonged knee flexion through stance; reduced ability to “lock” the knee in extension → increased hip‑extensor (gluteus maximus) activity to prevent collapse. 
· Pelvis/trunk compensation: Increased pelvic obliquity and lumbar activity (QL, erector spinae) to clear the limb and maintain step length. 
· Kinematic consequences: Reduced terminal stance and push‑off; shorter contralateral step length; possible increased knee joint loading and pain over time. 
Schematic chart — gait‑phase percentages (normal vs 15° contracture, prosthetic context)
	Phase
	Normal AK prosthetic (%)
	With 15° flexion contracture (%)

	Initial contact
	0–10
	0–12

	Loading response
	10–20
	12–25

	Mid‑stance
	20–40
	25–45

	Terminal stance / pre‑swing
	40–60
	45–65 (reduced push‑off)

	Swing (total)
	40
	35–38 (shorter, slower)


Interpretation: the contracture shifts time into loading/mid‑stance, reduces effective terminal stance/push‑off, and shortens swing; sound‑side stance typically increases to compensate. 
Key muscle effects (illustrated)
· Increased: Gluteus maximus (hip extension), gluteus medius (pelvic stability), quadratus lumborum and lumbar extensors (trunk compensation). 
· Greater demand on sound limb during prolonged stance → higher metabolic cost and joint loading. 

Ranked list — common multi‑link and hydraulic/pneumatic knee types (clinical indications & energy effects)
1. Polycentric 4‑bar (mechanical)
· Indication: Moderate stability needs; transfemoral users who need improved rollover.
· Energy effect: Reduces hip‑extensor bursts by providing a moving center of rotation and improved early‑stance stability.
2. Multi‑link 5‑bar (mechanical)
· Indication: Users needing optimized toe clearance and rollover geometry.
· Energy effect: Lowers compensatory pelvic/trunk motion, modestly reducing hip work.
3. Hydraulic swing/stance knees
· Indication: Community ambulators require smooth, velocity‑sensitive control.
· Energy effect: Smoother swing reduces hip‑flexor power; stance damping improves confidence and reduces abrupt hip torque.
4. Pneumatic (air‑damped) knees
· Indication: Lightweight option for active users with moderate control needs.
· Energy effect: Lighter mass can reduce proximal effort; less fine control than hydraulics.
5. Hybrid hydraulic‑pneumatic / microprocessor‑controlled knees
· Indication: High‑function community ambulators, uneven terrain, fall‑risk reduction.
· Energy effect: Largest reductions in metabolic cost via adaptive stance control and swing damping; powered variants can restore push‑off and further lower hip demand.
Clinical note: device selection must consider residual‑limb strength, activity level, socket fit, and cost; MPKs and powered knees typically reduce excess metabolic cost compared with passive mechanical knees, but individual benefit varies. 







Summary 
A 15° knee‑flexion contracture produces a persistent crouch posture, increases hip and trunk muscle demand, shortens effective push‑off and swing, and raises metabolic cost; modern microprocessor or powered knees and well‑tuned multi‑link hydraulic/pneumatic knees reduce proximal hip work and partially restore walking economy. 
Gait effects of a 15° knee‑flexion contracture
· Posture: knee remains flexed through stance → forward trunk lean and anterior shift of the ground‑reaction force. 
· Stance timing: prolonged loading response and mid‑stance; terminal stance and push‑off are reduced, shortening contralateral step length. 
· Muscle demands: increased gluteus maximus and hip extensor activity to prevent collapse; greater QL and lumbar extensor activation for pelvic/trunk compensation. 
Schematic gait‑phase percentages (normal AK prosthetic vs 15° contracture)
	Phase
	Normal AK prosthetic (%)
	With 15° contracture (%)

	Initial contact
	0–10
	0–12

	Loading response
	10–20
	12–25

	Mid‑stance
	20–40
	25–45

	Terminal stance / pre‑swing
	40–60
	45–65 (reduced push‑off)

	Total swing
	40
	35–38



Energy expenditure schematic and mechanisms
· Typical relative VO₂: non‑amputee = 100%; AK with mechanical knee ≈ 150%; AK with microprocessor knee ≈ 110–135%; powered assist may approach 100–120%. 
· Why: loss of knee/ankle power forces hip flexors/extensors to supply limb advancement and stability; contracture increases continuous hip/trunk work and reduces push‑off efficiency. 



Ranked list of common 4‑bar / 5‑bar and hydraulic/pneumatic knee models
	Model
	Type
	Activity Level
	Clinical Indication
	How it reduces energy cost

	L1322 (ST&G)
	Polycentric 4‑bar with pneumatic swing
	K2–K3
	Safety‑focused users needing manual lock
	Moving center of rotation improves early‑stance stability, lowering hip‑extensor bursts. 

	Generic 4‑bar polycentric
	Mechanical 4‑bar
	K2–K3
	Moderate stability and rollover need
	Improves rollover geometry and reduces compensatory pelvic motion. 

	Multi‑link 5‑bar
	Mechanical multi‑link
	K3–K4
	Optimized toe clearance and gait symmetry
	Tunable geometry lowers trunk/pelvic compensations and hip work. 

	Hydraulic knees (various)
	Hydraulic swing/stance
	K3–K4
	Community ambulators needing smooth control
	Velocity‑sensitive damping smooths swing and stance, reducing hip‑flexor power. 

	Pneumatic 4‑bar
	Air‑damped polycentric
	K2–K3
	Lightweight option for active users
	Lower mass reduces proximal effort, pneumatic damping aids swing control. 

	MPK / hybrid hydraulic‑MPK
	Microprocessor + hydraulic
	K3–K4
	High‑function users, uneven terrain
	Adaptive stance control and swing damping reduce metabolic costs and falls. 



Practical recommendations
· Address contracture first (stretching, splints, targeted surgery when indicated) to restore extension and reduce long‑term energy cost. 
· For AK prosthesis users, prioritize socket fit, alignment, and consider MPK or hydraulic multi‑link knees for community mobility and reduced hip demand. 
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