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Neurovestibular effects and
considerations

Gaze stability training, proprioception,
and somatosensory training

Orthostatic intolerance
considerations

Assessment and exercise planning

Spine effects and

considerations

Segmental and muscular change
characterization

Progression of reconditioning

m‘

Mobility/Flexibility
considerations

Isolated and multi-joint importance

Mobility through range under load



MSK Injuries Post-Flight

Postflight injuries most common (92%)
Large proportion of injuries (49.6%) occurred within 1

year of landing
7.3% within 1 month
8.1% between 1-3 months
9.2% between 3-6 months
25% between 6-12 months

Muscle

Sprain/Strain
39%

Fewer injuries reported in females, but higher prevalence
F: 39 injuries in 20 astronauts
1.95 injuries per female
20% of female injuries occurred in flight
Low BMD diagnoses in 15% of females
M: 244 injuries in 131 astronauts
1.86 injuries per male
4% of injuries occurred in-flight
Low BMD diagnosed in 4% male astronauts
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30,000 Foot View

Team Approach

Progressively load impairments of the
multisystem degradation to enhance safe
and effective re-adaptation and return to
prior level of function and individualized
goals

Continual monitoring and adjustments to
programming based on individual system
priorities and response to stimuli
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Post-Flight Reconditioning Considerations/Progressions

Strength, Endurance, Coordination, Mobility, Speed

Proprioception
Strength

Endurance

Coordination

1.) Physiologic Effects of Space Flight

2.) Functional Abilitie s
3.) Crew Members Goals and Training Desires

4.) Other demands (operational, research, etc)



On-going Assessment

Yellow Criteria: ASTRONAUT POSTFLIGHT READINESS ASSESSMENT TALLY
Absence of NMSK
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30,000 Foot View

Physical
Medicine

Strength and
Conditioning
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Neurovestibular Evidence

Central Nervous System adaptations to space flight - reinterpretation of
vestibular and somatosensory inputs

Excessive postural sway, decreased proprioception,
and locomotor control EvE

S BATPE
TARGET— 4

Altered gaze stability

20°

Alterations in muscle activation

Alterations in head-trunk coordination e

GAZE-~
TARGET-

Impaired cognitive and somatosensory dual processing
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Neurovestibular Evidence

Macaulay, et al, Front Syst Neurosci, 2021



Neurovestibular Considerations- Phase 1

Goals: normalize gaze stabilization, integrate vestibular, somatosensory and visual systems for balance,
normalize proprioception and somatosensory system
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Neurovestibular Considerations- Phase 2

Goals: progress gaze stability exercises to unstable surface, reactive and varying surface training, and gradual
addition of dual-tasking

PHASE 2

19 January 2024







Neurovestibular Considerations- Phase 2

Goals: progress gaze stability exercises to unstable surface, reactive and varying surface training, and gradual
addition of dual-tasking
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Neurovestibular Considerations- Phase 3

Goals: progression to dual-task training with varying intensity and surfaces, progression of coordination and
agility

19 January 2024
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+** Functional task performance
was significantly impaired
during initial R+0 testing.

+* Some decrements persisted
during R+1 testing. The
recovery timeline varied with
task complexity.

Courtesy of neurolab at JSC
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Orthostatic Intolerance Evidence

Orthostatic intolerance post flight is multifactorial = decreased cardiac filling
pressure, decrease stroke volume during orthostatic stress due to decreased
plasma volume, adrenergic function, and dysfunction of the sympathetic nervous
system

When assessed during quiet standing or utilizing a tilt table, crew members
experienced more orthostatic intolerance compared to functional and ambulatory
positions (calf pump!)

During quiet positions and transition motions, orthostatic intolerance ranges from
R+0- R+14 with great individual variability

19 January 2024
Qi Fu, et al. AHA Circulation, 2019



Orthostatic Intolerance Considerations

Assessment and Exercise Planning Considerations:
Avoidance of assessing and exercising in
positions causing valsalva, head down or
dependent positions, and minimizing time
spent transitioning from supine to stand,
prone to stand, etc.

In consultation with Flight Surgeons, consider
compression garments for more severe or
lingering cases

19 January 2024



Spine Evidence

2021 NASA Human Research Program:
Biomechanics of the lumbar spine following spaceflight
and incidence of post-flight disc herniation

« N=12 subjects (10 males, 2 females)
 Evaluation:

« 3T MRI for facet arthropathy, endplate
irregularities, HIZ, disc herniation, degeneration,
water content and multifidus CSA, mCSA, m%

« Spine segment kinematics max flexion-
extension/lateral flexion/translation ROM per
segment

« Time points: pre-flight, R+2-7 (after 6 mos) and
R+30-60

19 January 2024
Bailey et. Al, IWS, 2021



Spine Evidence

2021 NASA Human Research Program: Biomechanics of the
lumbar spine following spaceflight and incidence of post-flight
disc herniation

- Results: —a 1 7 12| r=zz &

 50% (6 out of 12) of crew members returned from space ? 2 5..{???'/&17“1 . rfﬁf’ﬁ .

with a symptomatic disc protrusion/herniation me | - : %,J;f{: -| oB 4 |-

« Decreased ROM - upper lumbar spine Téffl ™| ﬁ;a a1l | -a;f” J; .

« Associated with endplate irregularities IRES S LA )

 Lower pre-flight average multifidus % and higher e T, TR
asymmetry -

» Decreased average multifidus % and increased
asymmetry = lower lumbar spine
« Water content, muscle CSA, other spinal pathology did

not associate
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Spine Evidence

16
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Spinal Considerations- Phase 1

Goals: Reduce adaptation pain, enhance intersegmental mobility, restore normal firing patterns of deep core
stabilizers, and improve joint position sense
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Spinal Considerations- Phase 2

Goals: progress intersegmental and multi-joint mobility, advance neuromuscular re-education to multi-axial
movements, progressively begin loading the spine

PHASE 2

19 January 2024



Spinal Considerations- Phase 3

Goals: progression of multi-joint mobility with load, advance strength and power, development of skilled and
functional activity... build spinal resiliency!!

19 January 2024




Mobility/Flexibility

Common Mobility Restrictions due to Inflight
Positioning:

Impaired spinal mobility across all regions
and ranges

Hip: hip flexor resistance over extensor,
rotational limitations

Shoulder: shoulder flexion resistance over
extensor, rotational limitations

Ankle dorsiflexion over plantar flexion

NASA Stock Photo, pulled 1.11.2024
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Mobility/Flexibility

Approach:
Progression of single joint (isolated) and
multi-joint motion through passive,
active, and manual therapy techniques
where appropriate

Progressing multi-joint motion under
load to optimize functional activities

Continual monitoring with daily and
weekly evaluations

19 January 2024



30,000 Foot View

Strength and
Conditioning

Physical Medicine
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Overview - First days of Post-
flight Reconditioning
Assessment

Develop Plan

Execute Plan

Resistance Training
Considerations
Strength Expression

Power Expression

m‘

Cardiovascular / Agility - as it applies
Cardiorespiratory Fitness
Based on Maximum Oxygen uptake Acceleration

Endurance Deceleration



POSt-F“ght Post-flight Reconditioning Challenges

: : Framework « Scheduling Demands
Considerations . 45 Days
2 Hours Per day * Life Demands

* Desire to returnto a prior
level of function and fitness
may cause fatigue or risk of
injury.

e Fatigue orillness

* Preference - Individual
desires may not match an
evidence-based approach to
appropriate training




MEDB. (MRID)
Functional
Fithess
Assessment

* Previous Functional Fitness
Assessment

Cone Agility: Fastest time
through course (3 trials)

Hand Grip: Highest of 3
trials

Push Ups: Max 2 minutes

Sit and Reach: Highest of 3
trials

Pull Ups: Max completed
Sliding Crunches

(Abdominal): Max 2 minutes

Single Leg Stork Stand: 15
seconds bilateral

Leg Press: 1 Rep Max
Bench Press: 1 Rep Max

R+5-7, R+30

MED B = Medical Evaluation Document (Group B)
MRID = Medical Requirements Integration Document

e Current Functional Fitness
Assessment

Body Mass
Hand grip
Squat Jump

Countermovement
Jump

Cone Agility

Isometric Mid-Thigh Pull
Isometric Bench Press
Pull ups

Hand Release Push-ups



Meb B. Functional Fitness Assessment

Changes in Functional Fitness after Long-Duration Spaceflight and 30d of Recovery
(%Change from Preflight, n=93)
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Monitoring
Capabilities:
Muscular
Strength and

Power

e Peak Force

IMPT ¢ Rate of Force

development

Squat e Jump Height

e Power

Jump e Time to decel

e Jump
Countermovement  heieht
e Power

jump e Time to

decel




Post-flight
Reconditioning-

First Steps

Assess /
Monitor

444%
[HHN

Develop Plan

g Train

*Primarily Subjective monitoring

”Scientists and coaches must acknowledge the
exceptional ability of the human neurobiological
system to integrate abundant amounts of
personal and environmental data and convey it
through a straightforward score.”

ASTRONAUT POSTFLIGHT READINESS ASSESSMENT TALLY

Initial Week1 Week2 Week3 Week4 Week5 Week6 Week 7

(2/3) Dout
(2/3)20-3

sssss



Post-flight Reconditioning:
Developing the Plan

v/

Needs

Priorities
eEvidence-based approach
Preference (potential conflict)

*Mostly lies in perceived ability vs true
ability

é

Known Priorities for every Crew
member
Neuromuscular Reeducation &

Cardiovascular / Cardiorespiratory Fitness




Motor Learning and
ook Neuromuscular Reeducation

ground.

Hold your ——»
head high.

Move your —————*
shoulders

Keep your
naturally.

fo the ground.

*Motor learning is defined as 'a change in a person’s capability to perform a skill that

Keep your

back straight, ) must be inferred from a relatively permanent improvement in performance as a result of
not arched * Gentlyrttlghtﬂt? practice or experience' (Magill and Anderson, 2007).

forward or bl Lot *Motor learning involves learning a skilled task and practicing with a goal in mind until the
backward muscles

skill is executed automatically (Schmidt & Wrisberg 2007).

=y Neuromuscular reeducation

Swing your arms
freely with a slight
bend in your elbows.

Walk smoathly, eDeals with retraining the brain and spinal cord in voluntary and reflex motor activities.
rolling your foot eThe primary aim is to restore the proper firing of spinal and peripheral nerves to improve
from heel to toe. the following: Range of Motion, Strength Expression, Strength Endurance, Power, and

/ Coordination.
i

I.'; ':i

\‘ﬂw —

@ MAYO FOUNDATION FOR MEDICAL EDUCATION AND AESEARCH. ALL RIGHTS RESERVED. oA Skill is a learned ability that individuals acquire through training and practice. Skill may
be defined as the ability to perform at a high standard effectively and efficiently.




*Gross Motor Skills - Require
the usage of our larger
muscles located in the torso,
legs, and arms to perform
tasks (e.g., Running, Jumping).

*Fine Motor Skills - Our hands
and wrists can execute
intricate movements using the
smaller muscles. + tasks that
require timing (e.g., Hitting a
baseball, Pitching, Golf swing).

Running in 3
different

environments

*Running barefoot needs to be
practiced before proper
execution.




¥

Skill Execution / *Typically, these skills
Expression are only impaired if they

are hampered by

discomfort, injury,

I_e a r n e d S kl | | / rain er Ihjury inadequate coaching or
spaceflight practice, or spaceflight -

Poor Coaching or Practice

3 g Anything that interrupts the essentially, anything that
dialogue within the . .
I u I O n interferes with
neuromuscular system. More
neuromuscular
connections.

Layne, Chuck & McDonald, P. & Bloomberg, Jacob. (1997). Neuromuscular activation patterns during
locomotion after space flight. Experimental brain research. Experimentelle Hirnforschung.
Expérimentation cérébrale. 113. 104-16




Neuromuscular Reeducation and Deconditioning

Across 3 Pillars

- [S
[ S

Resistance Training
Cardiovascular / Cardiorespiratory

Agility (as it applies)



L

Human Performance & Optimization Continuum

s
»

Vi

Light Duty Transition Full Duty
Enl i P

Developing hancin g reserving

Resistance Training - Phase 1

e Primary Focus: Neuromuscular reeducation
e [sometric Exercise
e Stabilization
e Anti-Rotation

e Low intensity 50% 1RM compound
ground-based movements (benefit of
free weights)

R e

e Axial Loading

* Velocity-specific exercises that require timing
(i.e., weightlifting)




— Resistance Training — Phase 2

e Phase 2 Primary Focus: Strength Expression,
Power Expression

)

y 4 e Basic Ground-based Muti-joint movements
Human Performance & Optimization Continuum

* Free weights are beneficial

e Low intensity 50% 1RM compound
ground-based movements (benefit of
free weights)

e Stability + Force Production
e Still Learning

g oo

e Axial Loading

Light Duty Transition Full Duty
Enl i P

Developing hancin g reserving




Bl Resistance Training Phase 3

e Power Expression - VBT
e Lower Force / High Power output
e Jump Squats
Light Duty Transition Full Duty e Med Ball Throws
e Traditional VBT

eeeeeee g

Restrictions

e |ndividual, performance-dependent




Cardiovascular Deconditioning

Jl Monitoring of Cardiovascular fitness based
on VO2max

* Maximal oxygen uptake (\VO(2,max)) is a
physiological characteristic bounded by the
parametric limits of the Fick equation: (left
ventricular (LV) end-diastolic volume--LV end-
systolic volume) x heart rate x arterio-venous
oxygen difference.” (Stroke Volume)

e Stroke Volume - the volume of blood pumped
out of the heart’s left ventricle during each
systolic cardiac contraction.

= Phycological and Biochemical changes

e Left Ventricular hypertrophy
¢ Decrease Plasma Volume
¢ Increased Heart Rate

Levine BD. .VO2max: what do we know, and what do we still need to know? J Physiol. 2008 Jan 1;586(1):25-34. doi: 10.1113/jphysiol.2007.147629. Epub 2007 Nov 15.
PMID: 18006574; PMCID: PMC2375567.



Cardiovascular Training Phase 1

e Primary Focus: Aerobic Exercise that does
not cause issues

e Typical Modalities
e Recumbent Bike
e Hydroworks
o AlterG Treadmill

B Restrictions

e Calf Intensive Exercises
¢ Incline Treadmill walking
e Running at body weight
e Any exercise that could require unexpected
reaction.

Human Performance & Optimization Continuum

Light Duty Transition Full Duty
Developing Enhancing Preserving




B Cardiovascular Exercise Phase 2, 3

* Phase 2 + Phase 3 Primary Focus: Aerobic / Anaerobic exercise that
does not cause issues!

¢ Protocol

¢ Aerobic Exercise 60%-70% + about 20% of the allotment at the
time spent in the 80% or above range

® Running On a Treadmill is ideal (control of the environment and
volume and intensity)

e Modalities
e Treadmill
e Hydorworks
e AlterG (progress in the percentage of body weight)

g Restrictions

e Calf intensive
¢ Incline Treadmill walking
® Running at body weight

* Any exercise that could require an unexpected reaction
"

” Recognizing the muscular endurance that
L . naturally develops from living ina 1 G
Human Performance & Optimization Continuum Human Performance & Optimization Continuum ) y , p f e g .
) environment is crucial.” Corey Twine
2. g,L &

2 3

Light Duty Transition Full Duty
Developing Enhancing Preserving
nnnnnnnnnnnnn

R .

Light Duty Transition Full Duty
Developing Enhanci P ing




B Agility as it applies

¢ Closed Skills - require an athlete to perform a
pre-programmed pattern of movement(s)
using cones or other implements.

e (Successful demonstration of skill)
e Open Skills — Reactive, Decision making

e Phase 2 + Phase 3 Primary Focus: Aerobic /
Anaerobic exercise that does not cause
issues!

e AlterG (progress in the percentage of body
weight)

B fesvions

e Speed
e Skill
e Load




Post Flight Reconditioning Calendar/Goals

Crew Member:

Mission:

Crew Member Goals: [Short Term (first week):

Short Term {by mid-point):

Long Term (by end of 45 days):

Week 1: (R+1-R+7) Conditioning/Agility Resistance Conditioning/Agility Resistance Active Recovery Resistance Conditioning/Agility
S a I I I p | e P O St - Week 2: (R+8-R+14) Resistance Conditioning/Agility |  Active Recovery Resistance Conditioning/Agility Resistance Full Rest
Assessment
F | i h t Week 3: (R+15-R+21) Resistance Conditioning/Agility Resistance Conditioning/Agility Resistance Active Recovery Full Rest
g Assessment
.y . . Week 4: (R+22-R+28) Resistance Conditioning/Agility Resistance Conditioning/Agility Resistance Active Recovery Full Rest
Reconditioning
Week 5: (R+29- R+35) Resistance Conditioning/Agility Resistance Conditioning/Agility Resistance Active Recovery Full Rest
Te I I I p | ate Week 6: (R+36-R+42) itioni Resistal Conditioning/ Resistance ive Recovery Il Rest
Week 7: (R+43-R+45) itioni ili Resista Conditioning/Ag| Resistance Active Recovery Full Rest
ASCR Group Led
ASCR Group Led
Crew Member Led

x Due to individual crewmembers' specific needs and or preference




Sample Post-Flight
Reconditioning Weekly
Template

- Resistance Training

Template /

e Vestibular
e Mobility
e Shoulder
e Hip
e Spine
e Neuromuscular Re-
education

* Progressive Vestibular
/ Balance

e Specific Warm-up
¢ Main Resistance
Training Exercise
® Push
e Pull
e Primary Leg
¢ Cool down / Recovery

Ag|||.t y ar!d Active Recovery
Conditioning Template
Template /
e Vestibular e Vestibular
e Mobility e Mobility
e Shoulder e Shoulder
e Hip e Hip
* Spine * Spine

¢ Neuromuscular Re-
education

e Progressive Vestibular /
Balance

e Dynamic Warm-up
e A-skips
e Main Agility Training
Exercise
e Conditioning
* Bike, or
e Running
¢ Cool down / Recovery

¢ Neuromuscular Re-
education

e Progressive Vestibular /
Balance

e Specific Warm-up
e Light Cardio 20-25min
* Cool down / Recovery

/

ASTRONAUT POSTFLIGHT READINESS ASSESSMENT TALLY

g8
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Post-Flight Lessons Learned

Summary /
Lessons Learned

Daily fatigue assessment and total volume understanding
(only so much in the tank)

Pointed and clear guidance on activity outside of the post-
flight reconditioning timeframe

Quality over quantity
Consider web-based platforms to train crew if on travel

Previous injury and prior functional status considerations

Creativity is a must during the entire 45 days...have fun!




Questions?

Danielle N. Anderson DPT, DSc, OCS, CSCS, FAAOMPT
Musculoskeletal Medicine and Rehabilitation Lead
Major, United States Air Force

Corey A. Twine, SCCCa
Astronaut Strength, Conditioning, and Rehabilitation
KBR Human Performance Contract
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https://commons.wikimedia.org/wiki/File:ISS-44_Kjell_Lindgren_exercises_using_the_Advanced_Resistive_Exercise_Device.jpg
https://creativecommons.org/licenses/by-sa/3.0/

	Post-Flight Reconditioning ��Danielle N. Anderson DPT, DSc, OCS, CSCS, FAAOMPT�Musculoskeletal Medicine and Rehabilitation Lead �Major, United States Air Force ��Corey A. Twine, SCCCa�Astronaut Strength, Conditioning, and Rehabilitation �KBR Human Performance Contract����
	Agenda 
	MSK Injuries Post-Flight
	30,000 Foot View 
	Astronaut Strength, Conditioning and Rehabilitation
	Post-Flight Reconditioning Considerations/Progressions
	On-going Assessment
	30,000 Foot View 
	Neurovestibular Evidence
	Neurovestibular Evidence
	Neurovestibular Considerations- Phase 1
	Neurovestibular Considerations- Phase 2
	Neurovestibular Considerations- Phase 2
	Neurovestibular Considerations- Phase 3
	Slide Number 16
	Orthostatic Intolerance Evidence  
	Orthostatic Intolerance Considerations
	Spine Evidence  
	Spine Evidence  
	Spine Evidence  
	Spinal Considerations- Phase 1
	Spinal Considerations- Phase 2
	Spinal Considerations- Phase 3
	Mobility/Flexibility 
	Mobility/Flexibility 
	30,000 Foot View 
	Agenda 
	Post-Flight Considerations
	MEDB. (MRID) Functional Fitness Assessment
	Meb B. Functional Fitness Assessment
	Monitoring Capabilities:  Muscular Strength and Power  
	Post-flight Reconditioning- First Steps
	Post-flight Reconditioning: Developing the Plan
	Motor Learning and Neuromuscular Reeducation 
	Running in 3 different environments 
	Learned Skill / Disruption
	Neuromuscular Reeducation and Deconditioning Across 3 Pillars  
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Cardiovascular Deconditioning  
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Sample Post-Flight Reconditioning Template 
	Sample Post-Flight Reconditioning Weekly Template 
	Post-Flight Lessons Learned
	Questions? �Danielle N. Anderson DPT, DSc, OCS, CSCS, FAAOMPT�Musculoskeletal Medicine and Rehabilitation Lead �Major, United States Air Force ��Corey A. Twine, SCCCa�Astronaut Strength, Conditioning, and Rehabilitation �KBR Human Performance Contract����

