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MSK Medicine and Rehabilitation

« Background

« Terrestrial experience
— Initial investigation into MSK injuries
— MSK Medicine Program
— Training injuries
— NBL EMU Work Hardening Program
— Return to duty
— Post-flight reconditioning program

Inflight musculoskeletal conditions
Lunar Surface Operations
Post-flight injuries
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Terrestrial experien

 First study to look at
terrestrial-based
musculoskeletal injuries
In US astronauts

Genesis of the Astronaut
Strength, Conditioning
and Rehabilitation
(ASCR) specialists

CLINICAL MEDICINE

Musculoskeletal Injury Review in the

U.S. Space Program

RICHARD T. JenninGs, M.D., M.S., and James P. BAGIAN,
MD.

JENNINGS RT, BAGIAN JP. Musculoskeletal ixjury review b the WS,
space program. Aviat Space Environ Med 1995, 677624,

Astranauts in NASA'S sace program are expected o rems
comphte thelr on-neit tasks and to function effectively 0 the event

program and reliance on -
ing, phus Uimised emghasis on wraming technigques and rehabilitation,

there have been 3 sugirising number of oethapedsc injuties and surgeries
in this smyall adult pogrilation, This amtc ke examines the ohopedic injury
histary of LS. astronauts duning the pericd from 1987-95. The type
of injuey, activity involved. and subsequent swrgical sherantions are
cataloged There were a total of 26 fractures, 36 ceriows ligament, ¢armi-
lage, or sof bssue injurics, and 28 oethopedic surgical procedhires in
this adull group with a mean astronaut <ons size of only 94, Women
countsd foe 16% of the study population but accouned far ooly 1 of
28 surgical procedures. Knee imjuries required sungical intervention 19
times. Rurming, skiing, and basketball were most fregquently assoc isted
with injuries. Tha descrip ng, frequency af

and activity associated with injuries is presented. These injury patterns
ane analyzed and supgestions mace for futare smprovement, Including
decreased rediance on running and competitive athietics for condition
imgiraved personal ftness training preflaght, and coordinated reha-
nilgaion postfight. Al recommended & the we of 4 lap pool for
preflight tatal body fness training, since swimming provides condifion
N 10 those musche groups used during spacellight, and for varisbly
weighted gravity ehabil zation postilight

NASJ\ ASTRONAUTS are informally expected to
maintain a certain degree of fitness to perform their
critical duties. As with all physical training programs,
some risk i associated with exercise, even when appro-
priately supervised (4,9-11,14,17,21). NASA's fitness
program has generally been voluntary and self-directed
with minimal coordination of initial individual assess-
ment, equipment safety training, or identification of job-
related personal fitness targets, Postflight activity-ori-
ented science data collection has actually been associated
with causing new injuries. There has been no postflight
rehabilitation program during the shuttle era unti] the
advent of the long duration fhghts to the Mir space sta-
tion. The lack of a coordi d fitness and reh

program has resulted in reliance on st‘llrmoﬁ\«aﬁnn and

primarily P athletics, d gym activ-
ities, and running 1ur prcﬂlght wolnc and strength con-
di This approach

an:
may not be to(allv causal, but has been associated with
a surprising number of orthopedic injuries, surgical pro-
cedures, and lost work and training time. This article
reviews the NASA astronaut orthopedic injury statistics
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from 1987-95, examines the US, and Russian approaches
to crew fitness, and suggests potential improvements to
the training and rehabilitation program

METHODS

All NASA astronauts receive their health care through
the Flight Medicine Clinic (FMC) at the Johnson Space
Center. During the period between January 1987 and
March 1995, all reported injuries seen at the FMC were
recorded in a database as to the injury, cause, and subse:
quent treatment. The number of active astronauts during
the 99-month study period varied from 80-108, with &
mean corps size of 94 The number of female astronauts
ranged from 12-19, except for March 1995 when there
were 22. The women's mean during the study was 15. All
injuries, including those requiring surgical intervention,
were supervised by the flight surgeons at the FMC, al-
though specialist referral was provided when appro-
priate. Astronauts who were assigned to flights during
the period were prohibited from participating in some
activities such as skiing, softball, or contact sports. About
one-half of the active astronauts are assigned to flights
at any one time. [njuries resulting from two aircraft acc
dents that caused two astronaut deaths were not in-
cluded in the study

RESULTS
Fractuees

There were 26 events that resulted in fractures. The
location and number of separate occurrences are listed
below:

Ribs 5
Tibia 4
Fingers 3

om the University of Texas Medical Branch, Galseston. TX

This manuscript was reoeved for review is July 1995 1t was revised
and accepted for publscatian in November 1995
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Reprint & Copyright © by Acraspace Medical Associatian, Alexan-
dria, VA

Vo. § + Augus) 1996

20-Jun-17

-
National Jewish
Health

-~




Terrestrial MSK Injury in US Astronauts? !

Ribs 5

Tibia 4
Fingers 3
Toes 3
Metatarsal 2
Radius 2
Medial Malleolus 1
Talus 1
Fibula 1
Metacarpal 1
Os calcis 1
Humerus 1
Face 1

Running 7

Snow Skiing 4
Basketball 2

MVA 2 (1 motorcycle)
Household 2
Softball 1

Water Skiing 1
Horse 1

Soccer 1

Training 1

Other than Athletic 4

Knee 19

Neck and low back 8
Shoulder 2

Ankle 1

Foot 1

Fractures and physical activities associated

with fractures

20-Jun-17

Orthopedic surgeries in US astronauts

LJennings RT, Bagian JP. Aviation, Space, and
Environmental Medicine; Vol 67, No. 8 9 August 1996
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”\Q‘ﬁ Terrestrial MSK Injury in US Astronauts

CONCLUSION

NASA astronauts are generally competitive and desire fitness. Athletic activities
that result in fitness are associated with a certain risk of injury due to accident,
overuse, or training injury.

itis
probably time to move beyond documentation of injuries and treatment to providing
a program that strives to prevent or mitigate training related injury.
employment of fulltime training
staff for preflight, inflight, and post-flight conditioning/rehabilitation, cross training,
and less reliance on running.

Richard Jennings, MD Jim Bagian, MD, August,1996.
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MSK Medicine and Rehabillitation
Program
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MSK Medicine and Rehabillitation
Program

« Space Act Agreement a
— Orthopedic Surgery and S

Space Administration

Primary Care Sports Medicine R —
Program at Methodist Hospital

— Weekly orthopedic clinic at
Musculoskeletal (MSK) Medicine

JSC
and Rehabilitation Project

« Revise and update the Project Plan
astronaut selection standards

» Certification in Musculoskeletal
Ultrasound

April 2012
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ATHLETIC TRAINING |

BEYOND

HOUSTON

Methalist

LEADING MEDICINE
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MSK Medicine and Rehabilitation
Program

* Benefits
— Identify risk factors for injury

— Diagnosis and treatment kept “in-
house”

— Improved injury reporting and
tracking

— Limit off-site time in orthopedic
consults unless deemed
necessary for surgery

— Provide cutting edge orthopedic
care

« And...

Photo courtesy of www.crossfitoneworld.typepad.com
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N@{ﬁ Orthopedic Consults at NASA since 2012

« Total orthopedic consults seen ,\
in the Wednesday clinic from MAYO D
2012-current (March, 2016) |

— 246 total visits* @ S——t

* 180 “new” pts

« 66 follow up visits DMC Spurts Medicine ﬁ J “@

— Astronaut time (estimated)
« BTW 832-1,248 hrs

_ _ Methalist
— Cost (if NASA were billed) _
« Total cost (savings) to NASA: The Methodist
Hospital System

> $140,000

*estimated
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Musculoskeletal Ultrasound
(MSK US)

 Incorporation of
-‘;‘f,‘u

musculoskeletal — —4
ultrasound in diagnosis |
and treatment

e Collaborations
— Detroit Medical Center
— Mayo Clinic
— Andrews Institute
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« Activities
— Neutral Buoyancy Lab
— T-38 flight operations

— Parabolic flight a.k.a.
Vomit Comet

— Analog environments

— Physical fithess
training

20-Jun-17



Extravehicular activity Mobillity
Unit (EMU) Training Injuries

« Shoulder

— rotator cuff tendonitis, SASD bursitis, LHBT
tenosynovitis, SLAP lesion, impingement
syndrome, anterior impingment
(subscapularis), AC joint pain, GH joint
pain

 Elbow

— lateral epicondylitis, radial/cubital tunnel
syndromes

 Forearm/wrist

— Dequervan’s tenosynovitis, Extensor
Pollicis Longus (EPL) tendonitis, carpal
tunnel syndrome

* Fingers
— onycholysis
* Spine

— cervical, thoracic strain, lumbar spasm

2 - n-17 > ational Jewis 14
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Upper extremity conditions related
to EMU NBL training

RHT IMPINGMENT VIEW

Normal right CET in
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" Number of Reported Shoulder Injuries &
Surgeries by Year

=@ Reported Injuries ==@= Surgeries Shuttle
Program Endj

7

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 j2010 2011 2012 2013

\\ /4

MSK Injury Prevention

Program initiated
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NASA Shoulder Injury TIM Recommendations

03.Dec 2012
Neutral Buoyancy Lab (NBL)
Senny Carter Training Facility
Houston, TX

A Sheulder Ingury Technical Interchasge Meetmg (TIM) was coavenod on December 3, 2012 0
identify probiems associated with the current Extravehicular Activity (EVA) Mobifity Unat
(EMLU7) swit and descuess messures for improving the screening methods and treatment for
shoulder mjuries. The panel agreed with the shoulder injury mitizgation steps that have already
been implemented by NASA incloding

a) Priceitizing traiming in the pivoted hand upper torsa (HUT) for astrosauts af risk,

b} Comsider pesforming EVA “Super Fit Checks™ for incoming ASCANSs before shoulder
Imjuries octur,

¢} Removing EVA suit upper arm during NSL EVA doening/doffing,

d) Further reductions in inverted body position time in the NBL

¢) Maintaining the mterval between NBL EVA training rvns 1o po soosst than one week

f) lmprove compliance with the NBL post-run icing for shoulders and ¢fhows

The followmng st of recommendations was compiled by the panel for potential mutigation of
mjuries while tmiming in the EMU suit and categorized as operational (O), research (R, or
selection standard (S) recommendations

L. Noe-contrast MRI screeming of shoulder should be performed during fnal sstronant
selection. Full thickness rotutor cuff tears are disqualifying Other shoulder conditions
should be addressed oa a case-by-case basis with 2 board-certified orthopedic surgeca. (S)

Formal muge of motion and strength assessment should be conduscted by the
museiioskeletal sports medicing teamn lead physacian in conjunct:on with a board-certilied
orthopedic surgeon for final astronaut selection. (5)

2 [Investigate the use of isokinetic festing to objectify strength and endurance
capabilities

20-Jun-17
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« Shoulder experts

(Orthopedic surgeons,
PM&R specialists,
Biomechanists) provided
several recommendations
for mitigating NBL EVA
training shoulder injuries

17



NBL EMU Shoulder Injury
Prevention Program

« 17 mitigation
strategies
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NBL EMU Shoulder Injury
Preventlon Program
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Conclusions

* Since 2010, when the MSK Injury Prevention
Program was initiated

— Reported shoulder injuries have increased but that
means more injuries are getting evaluated and
ultimately treated.

— On average, shoulder surgeries have decreased
slightly but this was non-significant.
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“@f‘ NBL EMU Work Hardening Program &=

 What does an astronaut
need to be able to do,
physically, in the EMU
during an NBL run, to
perform the function?
— |In terms of:

20-Jun-17

Endurance/stamina

Strength (force/time) ¢ 5N N
“The best training for performing EVA in the NBL

Ran_g_e of motion is actually doing EVA in the NBL.”
Position of the bOdy Astronaut Suni Williams, CAPT, USN

relative to the task

-
P National Jewlish 21
< Health



NASA FVA Functional Capacity Evaluation (FCE) and Work Hardening Program

Development Effort Summary
16-Sept-2013

In attendanee:

CB: Serema Awunom, Dan Burbank, Tracy Caldwell-Dyzon, Amy Ellizon, Pat Forrestar,
Hicole Stott, Pez Whitzon, Suni Williams

D3 Jordan Lindsey, Paul Dum

SD:  Jamie Chauvin, Joe Dervay, David Hoellen, Smith Tohnston, Eric Eerstman, Jim Locks,
Bruce Nieschwitz, Rick Scheuring, Bill Tarver

SK: Lon Ploniz-Synder, Jamie Guined

MA: TJessica MeLaughlin

I Defmitions
2. Punctional Capacity Evaluation (FCE):

1. A comprehensive fimetional tast designed to measure the maximum safe
functional abilities of an employee zcrozs a broad range of physical
capabilities,

b, Work Hardening (WH):

1. A program designed to improve the employse’s strangth, flexibality, and
aerobic condibion‘endurance through exercizes and zetrvities that simulate
or include the actual job functions

II.  Background

2. Recommendations from WASA EMU Shouldar Injury TIM, Dee. 2012
1. Develop an WBL functional capacity evaluation (FCE) for selection and
operational evaluation by the ARCE=.

1. Develop 2 supervizsed mandatory rotator cuff and scapular stabilizer
framing program fo be conductad within 6 months of utial WBL runs,
with a pre-um fitness cheek

11, Develop a “wark hardening”™ program, to be parformed on land before
MWEL traming and following rehabilitation for mjury or surgery.
b. Crew input regarding EVA Frimess Program
1. General comment: the EVA fitnass program should melude activities that
improva suited performance m the NBL along with activities that prevent
injury.

1. The current exercise program preparas astronauts well for most NBL
activities. Note that the best physical framing program for NEL activitias
1= actually bemg in the EMIT in the pool.

ui. Shoulder fleibility for swited operations i1s very important, espacially
flewion, internal and externzl rotation.

iv. Meed to ks able to push onesslf physically mn the pool. Tharefore exercizs
programs should include activities that demand stamina training az well az
strangth

20-Jun-17
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« Match physical fitness
training with NBL tasks to
Improve EVA performance
(from ASCRS)

Grip tasks- kettlebell swings,
dumbbell crawl

Shoulder tasks- handstand push-
ups, push press, Farmer’'s walk

Core/Back- RDL’s, axle-wheel row,
back extensions

Articulating portable foot restraint
(APFR) ingress- Squats, lunges,
box jumps

Inverted operations- Windmills,
battle ropes, overhead bag toss

22



July 2015

WEEK 3

MONDAY

TUESDAY

WEDNESDAY

THURSDAY

FRIDAY

Up & Back Dyvnamic Warm-Up Routing]
WARM UP EXERCISE
20-15-10

Pull Ups

Dips

Walking Lunges (on 13+1)

STRENGTH & SKILL

Then Super Sat: Deadlifts (Heavy) &
Hammer Fow: 3 x 12, 4th zet ANMAP
Preszas

FINISHFE WORKOUT
A= Many Founds as Possible in 20
hinutes of:

10 Push Ups
10 Front Squats

10 Weight Sit Ups

Up & Back Dvnamic Warm-Up Routing
WARM UP EXERCISE
3 Founds

15 Thrusters

15 Push ups

ENERGY SYSTEM DEVELOPMENT

Aerobic Svsiem

Treadmill- 3" @3
80, 3" 30-50
80%%, 3" 30-30

30% Max HR. 4
80%:, 3 30-530%, &

-
£
4" 80%:, 5 min 307,

o
s
o

s

SHOULDFRE MAINTENANCE
2x10: 3 Way Scarecrow (palms up,
palms in and palms out) 5 Ibs DB max
2x10: Knesling "Bottoms Up"
Keattlebell Prez=z (10 sach arm)

CORE DEVELOPMENT

2x10: Shouvlder Slides w/ towsl, 2x10:
Planl: Shouvlder Taps (1 tap sach side = 13
2x10: Front Plank hip dips (1 tap sach
zide = 1)

Up & Back Drvnamic Warm-Up Routing
WARM UP EXERCISE
4 Rounds

25 Air Squats

15 Pushups

STRENGTH & SKILL

Then Super Set: Dumbell Bench Press
& Shrugs 3 x 12, 4th set ANMAP

FINISHFEE WORKOUT

Row 300

21 Renagecade Man Makers
Fow 400

15 Renagecade Man MMakers
Fow 200

9 Renagecade an Makers

Fengacade MManDJakers are DB
burpesss (with no jump) to a Push-

Up & Back Dvnamic Warm-Up Fouting
WARM UP EXFRCISE

3 Founds

10 Push Press

5 Knee to Elbow

10 Half Moons (3 each =side)

ENERGY SYSTEM DEVELOPMENT

ATP-CP (Phosphagen Svsiem)

Then 10 F.ounds of Jacobs Ladder with
weighted vest (1 min fast climb, 20 secs
rast)

SHOULDFEE MAINTENANCE
2 Rounds of 10

Band Pull Apart Stayin’ Alive
Band Pull Apart Reverse Fly

Hitchiker w/ DBz 3 lbs max

CORE DEVELOPMENT

3 x 30-43 sec holds Reverse Plank

2x10 Wood ChopperHay Baler w/ med
ball

4 x Plank Walke 3 steps foroard, 3
steps baclkowards

Up & Back Dvnamic Warm-Up Fouting

HIGH VOLUME ENDURANCE

Ewery 30 secs

2 burpees + 3 Dips for 10 rounds
Then

10 Rounds

10 Pushups

12 Swings

1 Lap Framers Walk

Then

10 rounds

Run or row 10004

1 to 1 ratio (rest)

20-Thhiin 17 22
10 MINUTES OF SIRETCHING / | 10 MINUTES OF STRETCHING / | 10 MINUTES OF STRETCHING / | 10 MINUTES OF STRETCHING / | 10 MINUTES OF STEETCHING /
FOAM ROLLER FOAM ROLLER FOAM ROLLER FOAM ROLLER FOAM ROLLER




Stack translation

Axle-wheel row

20-Jun-17 < .Natlonal Jewish 24
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- NBL EMU Work Hardening Program

Windmills
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N\QA Musculoskeletal Injuries in US Astronauts ({
and Return to Duty

« Aerospace Medical
Board (AMB)

— Standards for
astronaut selection,
retention and approval
for long duration
spaceflight

20-Jun-17 < 2" National Jewis
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REGION TYPE OF INJURY # OF CASES SURGERY? RTD AMB WAIVER REQUIRED?
T-38, NBLsix months SF one
Shoulder Rotator cuff tear-full thickness Yes year No
Rotator cuff tear-partial T-38, NBL six weeks, SF three
thickness No months No
T-38 three months, NBL six
SLAP lesion Grade 2-4 Yes months, SF one year No
SLAP lesion Grade 1 No T-38, NBL, SF three months No
T-38, NBL three months, SF six
Biceps tendon tear Yes months No
T-38, NBL three months, SF six
Acromioclavicular joint Yes months No
Medial Collateral Ligament
Knee Sprain No SF six weeks No
T-38 three weeks, NBL six
Medial, Lateral Meniscus tear Yes weeks, SF* No
Meniscus w/o repair No T-38, NBL, SF six weeks No
Anterior Cruciate Liagment T-38, NBL six months, SF one
tear- complete Yes year No
Anterior Cruciate Liagment
tear- partial No T-38, NBL, SF six weeks No
Osteoarthritis w/o
replacement Yes T-38, NBL, SF six weeks No
T-38, NBL six months, SDSF
Osteoarthritis w/ replacement Yes one year Yes
*UnROkshen ¢&iA, courtesy 27

Rick Scheuring, DO, MS, 2013

-
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In-flight MSK Conditions

RESEARCH ARTICLE

Musculoskeletal Injuries and Minor Trauma in
Space: Incidence and Injury Mechanisms in

U.S. Astronauts

Ricsamrp A
JerFREY A JOO

SCHEURING RA, MATHERS CH, JONES JA, weAR ML Musadoskeletal
imjuries and mior trasma in space: incidence and pupiry mecharisms
in LS. astronauts. Avist Space Environ Med 2009; 80:11

Introduction: Astronauts have @

n3uts during
flighs injuries w

ASA ASTRONAUTS face a variety of occupational
hazards throughout their career. In addition to the
risks inherent to space travel, astronauts perform ph
cally demanding tasks in unfamiliar environments
Coupled with bone and muscle mass loss due to the ef-
fects of microgravity on the human body, one could hy-
pothesize that astronauts may be at increased risk for
sustaining musculoskeletal injuries while conducting
space operations. Indeed, anecdotal reports from astro-
nauts and postflight mission debriefings in all NASA
spaceflight programs support this theory, as many astro-
nauts have noted in-flight musculoskeletal injuries
However, unl recently, our understanding of these in-
juries was based primarily on anecdotal reports, with-
out evidence-based data to support these claims.
Jennings and Bagian conducted a study examining
the terrestrial-based orthopedic injury history of astro-
nauts during the period of 1987 to 1995 (5), The authors

Acuation, Space, and Ervironmental Medicine « Vol. 80, Ne.

HEURING, Crantes H. MATsms,
, AND Many L. Wear

found astronauts sustained numerous fractures, serious
ligament, cartilage, or soft tissue injuries, resulting in 28
orthopedic surgical procedures durning this period. Knee
injuries accounted for 19 of the surgical interventions,
while running, skiing, and basketball were the activities
most frv.\,ulml\ associated with injuries. The authors
recommended the hiring of full-ime personal trainers
and the designation of a facility for training purposes at
Johnson Space Center, both of which are now in place as
manifested in the Astronaut Strength, Conditioning, and
Rehabilitation (ASCR) program. Jennings and Bagian
recognized the importance of understanding the macha-
nism of injury or rauma, noting that it was “Hme to
move beyond documentation of injuries and treatment
to providing a program that strives to prevent or miti-
gate training-related injuries.” This important study is
often cited in discussions regarding musculoskeletal in-
juries and prevention in astranauts, but did not address
in-flight occurrences.

An article printed in the Longitudinal Study of Astro-
naut Health (LSAH) newsletter in December 1999 exam-
ined themusculoskeletal injury rates of shuttleastronauts
between Shuttle Transport System (STS)-1 and STS-89
(12). The authors found an overall greater in-flight
injury rate among astronauts than comparison partici-
pants in the [SAH. Interestingly, they also found a
threefold higher injury rate within astronauts’ mission
period, defined as 1 yr preflight to 1 yr postflight, versus
the rate outside the mission period. This raised ques-
tions as to how much of this increase was attributed to
preflight training, postilight injury due to deconditioning,
or in-flight imjury.

We know that astronauts sustain injuries during the
preflight period, especially during training sessions in

(mmr Houston, TX; The University
and Wyle Laboratories,

SA [ohnson Sps
as Maodical Branch,
Houston, TX.

This manascript was rcoived 6
o foe pu.ll::l \lr"\\

mview in [anuary 20
2008

Richard A. Srlxurln,( DO
01 NASA Parkway, Houwsto

& by the Asrcapace Modical Asmoctation,

M.2270.2009

2 = February 2009 17z
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e Known

From STS-1 and STS-89 there
was a greater in-flight injury rate
among crewmembers than their
age and sex-matched cohorts

Wear M. Injury rate of shuttle astronauts. The Longitudinal Study

of Astronaut Health Newsletter, December, 1999, 8(2): 1,4.

« Unknown

-
National Jewish
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The incidence, type and
mechanism of in-flight injuries for
US astronauts across all mission
programs (Mercury to 2010)

28



&S Medical Capabilities Comparison

Hospital

Polar Ops

Submarine

Ambulance

Everest Base
Camp

B =

Diagnostics Therapeutics Communication Evacuation Personnel
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In-flight MSK US

« Used to diagnose musculoskeletal injuries and guide
treatment plans and predict return to duty timeframe

— Recurrent knee pain
— Hamstring strains

— Finger dislocations
— Foot trauma related to CEVIS
— EMU doffing injury
— Low back pain/injury
— Cervical spine pain

20-Jun-17




Results

Number of Injuries
D
o
|
|

N \1~ ~0 @ &
O & &2 & S
© ée ‘Js‘ C? &*0 $\ ((\(\Q)

Location of Injuries

20-Jun-17 UCSD Ortho Grand Rounds 31



Results

EVA 32, ISS EXP 35/36, July, 2013

seph Dervay, NASA-JSC

e EVA accounted for an incidence
rate of 0.26 injuries per EVA.

— EVA injuries occurred primarily
In the hands and feet

— These injuries may represent an
exacerbation of pre-flight injury
during training in the Neutral
Buoyancy Laboratory

B — Shoulder SLAP lesion occurred
during suit doffing after second
EVA

UCSD Ortho Grand Rounds 32
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In-flight MSK Conditions ..

RESEARCH ARTICLE

Space Adaptation Back Pain: A Retrospective Study

Eric

L. Kemsrman, RicHARD A. SCHIURING,

Marr G. Barnes, Tysox B. DeKonsg, anp Lyan C. Sans

KeasTMAN ElL, SCHEURING RA, BAanis MC, DeKorse TB, SAiLe
LC. Space .z.iapr.:mm back pain: a retrospectioe study. Aviat Space
Environ Mod 2012; 83:1-4.

nl.mdlxmn

oe (primarily ereadmiil
L efinciive. Discusdon: This
e

which were bath 8
cxamines the epide

of m—d:r.m- or seven:

Keywords: crew "
spiral lengihening, lumbar.

’Bz\C}\ PAIN IS frequently reported by astronauts in
the early phase of spaceflight as they adapt to the
microgravity environment (13,16). However, the epide-
miology of space adaptation back pain (SABP) has not
been well established. There have been few studies re-
garding SABP and the studies that have been performed
are of limited scope (14). The exact incidence of SABP
among astronauts is unknown. The pathophysiology and
operational impacts of SABF also are largely unknown.

In 1991, a retrospective review of the medical records
of 58 Shuttle crewmembers was conducted by the Flight
Madicine Clinic at NASA Johnson Space Center to de-
terming the incidence of back pain during spaceflight
(16). Of the crewmembers, 68% had reported in-flight
back pain. To obtain additional information regarding
the nature of the reported in-flight back pain, pain ques-
tionnaires were completed by 19 Shuttle payload spe-
cialists, a subset of the oniginal 58 Shutile crewmembers
Of the 19 payload specialists, 14 (74%) reported in-flight
back pain.

In 1994, a prospective bed rest study was performed
on eight subjects to compare back pain and spinal
lengthening during simulated microgravity (6 head-

mmeretal Medicine » Vol. 83, Ne. 1

Acuation, Space, and Ery Jamuary 20/

down tilt) with the same parameters during actual mi-
crogravity (4). The researchers concluded that back pain
in actual and simulated microgravity may result from
stretching of the spinal and /or paraspinal tissues until a
new spinal length is reached. In 2009, a retrospective
study evaluated in-flight musculoskeletal injuries oc-
curring throughout the U.S. space program (9). How-
ever, cases of in-flight back pain related to space
adaptation were excluded from that study.

The main objective of this study was to determine the
incidence of SABP among astronauts in the US space

rogram. A case definition of SABP was developed to
facilitate the determination of this incidence. Additional
objectives of this study were to delineate the nature and
pattern of SABP, its treatment, and its operational im-
pact. To accomplish these objectives, a comprehensive
analysis of astronaut mission medical records was
performed.

METHODS

All available mission records of astronauts in the US,
space program from the NASA Johnson Space Center
Flight Medicine Clinic were reviewed by the authors.
These records included mission summaries, flight sur-
geon logs, preflight medical exams, postilight medical
exams, and postflight medical debriefs. All missions of
the Mercury, Gemini, Apollo, Apollo-Soyuz Test Project
(ASTP), and Mir programs were included in the analy-
sis. Intemational Space Station (ISS) missions from
Expadition 1 through Expedition 15 were included in
as. All Shuttle missions from STS-1 through
e reviewed, with the exception of § 11
(Challenger) and STS-107 (Columbia). For most Shuttle
missions, the postflight medical debriefs included a
standardized back pain questionnaire. If available,
Shuttle madical debriefs was reviewed via electronic
data query. If electronic data were not available, paper
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 Definition of SABP

— Symptoms are not precipitated
by an injury or related to
prolonged recumbent sitting
on the launch pad

— Symptoms develop within the
first 5 days of space flight

— Multiple days of in-flight back
pain were considered as one
case

33



Symptoms are usually mild to
moderate

Symptoms are usually localized to the
lumbar region

Symptoms are described as an ache
or stiffness

Symptoms typically occur during the
sleep period

Neurological symptoms (radicular pain,
numbness, tingling) are absent
Symptoms tend to improve or resolve
with the use of bending the knees to
the chest, stretching of the lumbar
spine, or anti-inflammatory medication

= n-17 g ationa ewisn
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SABP & Flight Days

SABP is present in the early phase of spaceflight, with a
peak prevalence on FD 2 and none reported after FD12

Flight Days Associated With SABP

Crew
120 -

118
108

100

84
80 —

56

60 +—

(8]
) ¥

40 1—

22
20 +— 16 13

8
2 1

FD1 FD2 FD3 FD4 FD5 FD6 FD7 FD8 FD9 FD10 FD11 FD12
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SABP Intensity

20-Jun-17

Pain Intensity

11% 3%

86%

O Mild B Moderate O Severe

Mild pain 86%
Moderate pain  11%
Severe pain 3%

-
2 National Jewish
o Health
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SABP Location
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Back Pain Location

12% 2%

86%

O Lumbar® ThoracicB Cervical

Lumbar 86%
Thoracic 12%
Cervical 2%

- -
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Conclusions

 The incidence of SABP has been determined to be 53% among
astronauts in the U.S. space program

« Most cases of SABP are mild, self-limited, or respond to
available treatments

« There are no currently accepted preventive measures for SABP
« Itis difficult to predict who will develop SABP

« The precise mechanism and spinal structures responsible for
SABP are uncertain

« There was no documented evidence of direct operational mission
Impact related to SABP

- There is potential mission impact related to uncontrolled pain,
sleep disturbance, or the adverse side effects of anti-
inflammatory medications

20'Jun'17 ). National Jewish 38
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Post-flight reconditioning

« Dynamic stretching and
warm-up: R+0d

« Mobialanception: R+0d
* Medicine ball: R+0d

 Ladder and cone drills:
R+7d

« Jumping drills: R+21d
« Core exercises: R+1d
 Static stretching: R+0d

wean mm |-- |
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Physiological Issues in Partial
Gravity*

« Apollo lunar crews adapted
quickly to the 1/6g
environment

Initial unsteady gait related to EVA
suit CG issues not neurovestibular
dysfunction

Forearm and upper extremity
fatigue attributed to glove design

Inadequate sleep, dietary caloric
Intake experienced by most
crewmembers

Other physiologic function
(cardiovascular, bone) unknown

20 June 2017

R did © ; .

G. Cernan, H. Schmitt, Apollo 17 Video courtesy of NASA

*Scheuring RA, Davis, JR, et. al. The Apollo Medical Operations Project:

Recommendations to Improve Crew Health and Performance for Future Exploration
Missions and Lunar Surface Operations. Acta Astronautica, 63 (2008); 980 — 987.
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Lunar MSK Conditions

« Apollo Lunar Surface
Musculoskeletal Events
or Minor Trauma

— 9 Events were reported on the
lunar surface related to EVA
* 5 events located in the hand
« 2 events occurred in the wrist

» 1 event resulted in shoulder strain
after EVA 2/3

» 1 event described as general
muscle fatigue while covering
large distances by foot on the
lunar surface

H. Schmitt, Apollo 17 Video courtesy of NASA

2 - n-17 <>* ational Jewis 41
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Lunar MSK Conditions ...

« Apollo Lunar Surface
Musculoskeletal Events or
Minor Trauma

— MCP, distal phalanx pain, swelling and abrasions after
lunar 3/3 EVA

+  “Completing a subsequent EVA would have been
very difficult on account of how sore and swollen
my hands were”

— 2 events occurred in the wrist
*  Wrist laceration due to suit wrist ring cutting into skin

*  Wrist soreness where suit sleeve repetitively rubbed
on surface

— 1 event resulted in shoulder strain after EVA 2/3

* Crewmember injured shoulder during surface drilling
activity
— Required large doses of aspirin to relieve pain

G. Cernan, H. Schmitt, Apollo 17 Video courtesy of NASA
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Post-flight MSK Conditions

 Herniated nucleus
oulposus (HNP)

« Lumbar back pain
e Soyuz landing injuries
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Post-flight MSK Conditions

Number of HNP Events
[un)
i

.

8 7 8 9 10
Time PostLanding (years)
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Risk of Herniated Nucleus Pulposus Among U.S.

Astronauts

Swrrh L. Jouns
p Arax H. Frivison

AN

JOHNSTON SL, CamreELL MR, SCHEURING R, FEIVESON AHL Risk of
hermiited muche e pulposss among LLS. astronauts. Aviat Space Envi-
:566-7

as been diagnosed in several aseo.
ght period. & 5 unknawn whethes

controls (N
relatively

> jex aircraf
pressed imimestiarely
risk of incuming

svical injury, lumbar

econdary to degenerative dm disease, alxhough
that term is pmhab]\ a misnomer as hereditary factors
also have been found to be important. The peak patient
age incidence is between 35 and 55 yr old. Herniation of
the nucleus pulposus is due fo the failure of the annulus
fibrosus to retain nuclear material. This may result from
a tear in the annulus or a disruption of the annular at-
tachment to the vertebral body. Herniations in the cer-
vical and lumbar spine that results in symptomatic
radicular pain are typically due to extrusion of disc ma-
terial in a posterolateral divection, causing compression
or irritation of a nerve root. The presence of the pos-
terior longitudinal ligament in both the cervical and
lumbar regions makes the occurrence of direct central
extrusion of disc material into the spinal canal less likely.
When this does occur, direct compression of the spinal
cord or cauda equina can occur.

The intervertebral disc is formed by the central nu-
cleus pulposus, the outer annulus fibrosus, and the car-
tilaginous vertebral end plates. Fach of the structures
consists primarily of collagen, proteoglycans, and water.

566

TON, MaRk R. Camreerr, Rick Scusuning,

Fluid shifts occur readily, with the disc expanding dur-
ing bed rest and contracting during axial loading. The
annulus fibrosus is the site of primary pathologic change
due to repetitive stress dunng axial loading and flexion,
which is the etiology for hemniation (8). The nucleus pul-
posus usually hemiates at the posteriolateral comer, re-
sulting in pressure on the spmal cord or nerve root,
which causes pain or neurological deficits.

Several studies have suggested that aviators exposed
to a repetitive high G, environment in high performance
aircraft or to the vibratory stress of hehmpmrs have a
hl;,her incidence of cervical injuries (11,29,37) and HNP
(12,26). Although higher rates of HNP are suspected in
environments, definite statistical proof is still
8 G; maneuvers place considerable stress
on the cervical vertebrae, especially when combined
with tilting and turning of the neck (37). An increase in
degenerative cervical changes has been found on mag-
netic resonance imaging (MRI) of high G, fighter pilots
(32,33) and one study has shown that 3 out of 10 active
fighter pilots demonstrate MRI cervical changes (22).
However, MRI abnormalities are seen in asymptomatic
patients and are not necessarily indicative of a higher
risk of HNP.

Back pain and injury has been known to occur in as-
lmn.au!x during their ground activities (19) and in flight

21,34,35). Generalized back pain during spaceflight has
bmn reported in 53-68% of astronauts responding to a
questionnaire, with 28% describing the pain as severe to
maoderate (38). Back pain is usually most severe at the
beginning of flight and gradually subsides as the flight
progresses. The etiology of spaceflight back pain has
been proposed as a lengthening of the vertebral column
due to disc expansion secondary to unioading and loss
of the thoracic and lordotic curvatures (16,20). Obvi-
ously, back pain is subjective and very difficult to accu-
rnwl\ ulud\ Although statistics on HNP are felt to be
more objective, reliable, and reproducible, regional var-
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Results

VA&ibull hazard function

assumes firg nission occurs after 6.0 years

.025

.02

015

W\kibull hazard

.01

-

0

years
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HNP incidence is not
related to in-flight back
pain (SABP)

More multiple events in
astronauts

No correlation with BMI or
Age or Time Period

Slightly less incidence
with women (both
astronauts and controls),
same statistical results
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« Mechanism of
nucleosis pulposus
herniation
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Conclusions

« Astronauts have a greatly increased incidence of HNP
(4.3 X)

* Risk is greatest immediately following space flight (35.9
X during the first year post-mission)

« The risk of cervical HNP is especially high (21.4 X), not
related to previous High Gz experience

* Pre-mission astronauts have an increased incidence of
HNP due to previous High Gz environment experience

20'Jun'17 ). National Jewish 47
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Recommendations of the NASA
IVD Summit (May 2009)

* Minimize axial loading first 48

hrs post-landing R

« Minimal and protected %3 —
ambulation first week post- J;;N Intervertebral Dise
|anding ‘[ﬁ;’: (IVD) Damage Summit

. a1l 2 >
* Pre-flight neck muscle AREIL AL 2000

strengthening is of only
speculative benefit

* In-flight countermeasures
would likely not be effective
with our current capability
(need sustained axial loading)

Center for Advanced
Space Studies

Sponsored by
Non-Exercise Physiological
Countermeasures Project
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Y USOS Soyuz Injuries (continueq)

The following injuries were reported in the Electronic Medical Records and/or in

the Space Medicine Operational Team tags.
Note : Some crew have experienced more than on injury. 9 of 24 crew have experienced at least one
injury.

* 4 cases of nerve trauma requiring follow-up
- Mild left radial nerve distribution pattern reduction without evidence
of acute or chronic denervation
« Muscle fasciculation ( "shivering" of lower extremities) lasting for
approximately 2 hours
« Meralgia paresthetica, i.e. Lateral femoral cutaneous nerve (LFCN)
entrapment*

« 1 case of retinal ischemia — requiring medical follow-up — no treatment
* Retinal ischemia, right eye — vision not affected

48




Soyuz Injuries — Summary Chart

Injuries due to Soyuz Landings - Expeditions 6 —
30,
S C Onlv — 24 Individ |
9 No Follow-up
treatment

8
|7
8 6 - All Injuries resolved within
CltJ 3 months post landing.
8 > Medical
O Follow-up Follow-up
@) 4 - Physical
> 3 Therapy
S
= No Follow-
£ 2 - up -

1 - treatment

0 -]

Minor bruising Muscle skeletal Nerve trauma Miscellaneous
injuries
. Note: Some crew members
20 17 _InJury Type had multiple injuries.

-Jun- > Datioasl Sewlak 9 of 24 experienced an injury. | 20
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Thank You
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