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PREFACE

This document is a product of the efforts expended by the Medical Operations Branch at the Johnson
Space Center to support medical evaluations in a microgravity environment. It is a collection of 25
flight reports from work performed on the KC-135. The reports, appearing in chronological order,
include investigations of various areas of the medical sciences. The report format follows general
guidelines and may vary slightly from one report to the next to accommodate differences in experiment
design and procedures.

This document is intended to serve as a record of the continued development, planning, and evolution of
the Health Maintenance Facility and Medical Operations for Space Station Freedom.

Funding for this document was provided by the Research and Technology Objectives and Plan
(199-02-31-40).
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ABSTRACT

This document represents the medical investigations completed on the KC-135 during Fiscal Year 1991
in support of the development of the Health Maintenance Facility and Medical Operations. The
experiments, consisting of medical and engineering evaluations of medical hardware and medical
procedures, were conducted by both medical and engineering personnel. The hardware evaluated during
this time period included prototypes of a crew medical restraint system and advanced life support
pack, shuttle Orbiter medical system, airway medical accessory kit, supplementary Extended Duration
Orbiter medical kit, and a surgical overhead canopy. The results of these engineering evaluations will
be used to design flight hardware and to identify hardware-specific training requirements. In
addition, the following procedures were evaluated: transport of an ill or injured crewmember at Man-
Tended Capability, surgical technique in microgravity, transfer of liquids in microgravity, Advanced
Cardiac Life Support using Man-Tended Capability Health Maintenance Facility hardware, medical
transport using a model of the Assured Crew Return Vehicle, and evaluation of delivery mechanisms for
aerosolized medications in microgravity. The results of these medical procedure evaluation flights
allow for a better understanding of the types of procedures that can be performed in a microgravity
environment. These efforts estimate the time required to complete specific medical tasks, identify
microgravity-specific problems which will need to be resolved, identify medical operational problems
with instrument configuration, and provide a better understanding of what will need to be included in
the training programs.
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Second Prototype Medical Restraint System for Space Station Freedom

Flight Date:

Principal Investigators:

Co-investigators:

January 15, 1991

Roger Billica, M.D. (NASA-JSC)
Tom Taylor (KRUG Life Sciences)

Terry Guess (KRUG Life Sciences)
Victor Kizzee (KRUG Life Sciences)
Ed Cordes (MDSSC)

Debbie Orsak (MDSSC)

The purpose of this flight investigation was to
test and evaluate the second generation proto-
type medical restraint system (MRS) for the
Space Station Freedom (SSF) Health Mainte-
nance Facility (HMF).

1. Demonstrate the safety of the new designin
zero-gravity (zero-g) and 2¢ flight, including
weight-bearing of human subjects.

2. Evaluate the functionality of the new de-
sign and determine any modifications
neededforits usefulness as the MRS in later
project work.

3. Investigate some of the new design con-
cepts that have evolved from the first proto-
type and are being proposed for the flight
unit.

4. Consider associated restraint issues such
as operator foot and waist restraint, patient
restraint, equipment restraint, cardiopul-
monary resuscitation (CPR) performance,
and spine stabilization.

5. Assist the McDonnell Douglas Space Sys-
tems Company (MDSSC) engineers in using
the new MRS to perform a human factors
analysis and reach envelope study (see sepa-
rate flight report).

A KC-135 flight test was performed to evaluate
the second generation MRS for the Space Sta-
tion HMF. The standard 40-parabola flight
profile was followed affording approximately 30
seconds of near-zero-g with each parabola.
Three investigators from the HMF project were
present during the flight and were accompanied
by two investigators from MDSSC, who per-
formed a parallel and simultaneous study (see
Crew Medical Restraint System). The new MRS
underwent extensive preflight evaluation, in-
cluding safety and stress analysis. Addition-
ally, MDSSC design engineers responsible for
the flight MRS incorporated proposed concepts
into the prototype.

The design of the second generation MRS evolved
from a concept originally developed by Dr.
Bruce Houtchens which had been used and
evaluated extensively for severalyears. Forthis
study, the flight activities focused primarily on

Page 7
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the basic function and efficacy of the new design
to ensure that it would fulfill a useful role in the
ongoing project development and would serve
as a foundation for further medical studies and
simulations (both in the ground lab and in KC-
135 flight). The flight sequence was as follows:

Parabolas 1-10

¢ Evaluate basic mechanical function
— position headboard up/down
— position footboard down/up
— remove/install headboard

e Evaluate load deflection
— supine, midsection
— sitting, end of headboard
— sitting, midsection

Parabolas 11-30

* Evaluate foot and waist restraints

e Evaluate equipment restraints

e Evaluate Cardiac Compression Assist De-
vice (CCAD)

¢ Perform reach envelope study

Parabolas 31-40

e Evaluate spine stabilization
e Evaluate transport function of headboard

Fromthe earliest phases of the SSF HMF project,
it was realized that a multifunctional medical
restraint system was required to provide a
stable foundation for the many required medi-
caltasks. This knowledge was based on space-
flight data and on medical simulations in
KC-1352zero-g. As aresult, most activity proto-
cols for the HMF now begin with the phrase
“deploy MRS.” Its multifunctional role encom-
passes providing restraint and stability for the
1) patient, 2) crew medical officer(s) (CMO), and
3) equipment. Its utility incorporates a wide
variety of scenarios including that of patient

bed, operating table, examination table, dental
chair, stretcher for transport, work surface,
and spinal stabilization backboard. The first
prototype was designed primarily for use with
surgical procedures and provided many good
features, especially regarding a wide variety of
attachment points and flexible positioning and
configurations. As experience accumulated, it
was realized that a much simpler and more
basic design was needed to suit a broaderrange
of uses.

The new design went from a single-center sup-
port column to a four-leg concept to provide
greater stability for CMO restraint and a more
solid platform for vigorous procedures (such as
CPR.) A detachable headboard was incorpo-
rated for emergency and transport functions,
and a variety of handholds and restraint loca-
tions were provided as well as a built-in foot
restraint bar. The primary use for the MRS on
SSF will be in a one-g orientation with the
patient supine and the CMO restrained with
hands free. Astronauts have emphasized that
if the patient does not require supine position-
ing, the preference would be for minimal or no
restraint (such as for simple examinations). As
aresult, the new MRS eliminated the spectrum
of available position configurations and pro-
vided the capability for only simple adjust-
ments for height, head-up and foot-down posi-
tions (no pitch, roll or yaw.) This simplification
afforded the flexibility to incorporate other
desired features.

As part of the process, it was well understood
that the second prototype MRS was merely a
step along the way toward the final flight article.
Many issues remained unresolved at the time of
its design, with hopes that its use would assist
in resolving those issues. It was also known
that many aspects of the second design would
have to be adapted to qualify it for human use
on the KC-135 (requiring 8g crash load
capability).

Second Profolype Medical Restraint System for Space Stafion Freedom



Second generation MRS prototype
HMF miniracks
Patient manikin

Patient restraints

CMO restraints {various types)

Advanced Life Support (ALS) pack
Instrument tray

C-spine collar and head brace with tape
CCAD prototype

Measuring ruler (for load deflection)

Misc. tape, straps, carabiners, bungee cords
Video recorder

Personnel consisted of one test engineer (non-
flyer), one project physician, two technicians
including an Emergency Medical Technician
(EMT), and two MDSSC engineers.

Test results were recorded using written notes,
dedicated project video, and nondedicated NASA
still photography.

Preflight: Prior to flight, the test program was
fine-tuned and the ground safety analysis was
accomplished. Concepts for restraint mecha-
nisms were incorporated into the flight test.

Parabolas 1-10: It wasdecided that no height
adjustments would be performed during flight
because 1t is difficult to perform this maneuver
secondary to KC-135 design requirements and
future users could determine preferred height
prior to flight. The evaluation of basic mechani-
cal function was performned by the two techni-
cians familiar with the mechanisms of the MRS.
They were loosely restrained during this activ-
ity, with one technician located on each side of
the MRS to coordinate the tasks as a team.

The load deflection evaluation was accomplished
by having one of the technicians (weighing
approximately 200 Ibs) restrained using the

patient restraint straps of the MRS. Any posi-
tioning or adjustments were accomplished dur-
ing the zero-g portion of the flight, and deflec-
tion measurements were taken during the 2g
portion of the parabolas. The first measure-
ment was taken from the midportion of the MRS
frame (external railing) with the subject supine
and load distributed. Next the patient was
placed in a head-up, semireclining position
with the headboard raised to approximately 45
degrees. The load measurement was taken at
the far end of the elevated headboard in refer-
ence to the frame. The final measurement was
taken again at the midportion of the frame with
the patient sitting and full weight load on the
center section of the MRS.

Parabolas 11-30: Whilethe MDSSC engineers
performed the reach envelope study, one inves-
tigator subjectively evaluated the utility of the
new foot restraint bar and some simple con-
cepts for waist restraint (for future KC-135 use
rather than for SSF). As the reach study
progressed, various items of HMF equipment
were deployed with the MRS and again subjec-
tively evaluated for function in future project
activities. Atthe conclusion of the reach study,
an attempt was made to use the CCAD proto-
type with the manikin restrained to the MRS,
but the new MRS design was not compatible
with the old CCAD.

Parabolas 31-40: One of the MDSSC engi-
neers (representing the smaller body size range
of 5% fernale) was restrained only to the head-
board section of the MRS. Additional head and
neck restraints were employed (leaving hands
and arms free for safety) and stability during
zero-g was subjective evaluated. The head-
board was then detached (with patient) and
used as a short spine immobilization board.
During zero-g the patient and board were ma-
nipulated free of the MRS and an assessment
made. The head and neck restraint portions

Page 3
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were removed and the patient was then trans-
ported using the headboard and torso straps.

Basic Mechanical Function

For the most part, the MRS functioned as
planned. Some of the locking pins were awk-
ward or difficult to insert due either to tightness
of fit or shortness of the tether cord. The tether
cords were useful in maintaining control of the
pins, although more pins were needed to avoid
having to relocate those provided during flight.
During the manipulation of the footboard, the
handle for the adjustment knob became de-
tached due to rapid and vigorous adjustment; it
was recommmended that a detent be added to
prevent future malfunctions. Raising and low-
ering the headboard was a two-person job that
required coordination and the full parabola for
each step. The footboard could be manipulated
by one person. The headboard detachment and
reattachment procedures functioned smoothly
and easily.

It became clear during the flight that the
footboard benefited from the extra reinforcing
strap to prevent its fall in 2g, and that the
headboard benefited from a similar retaining
strap to keep it from floating up and then
crashing down during negative-G. It was rec-
ommended that these straps be continued or
functionally replaced in the KC MRS design.

Load Deflection

Supine, midportion 301/, 301!/, 0

Semirecline,
headboard 193/, 188/100 Ve
Sitting, midportion  301/,. 30" e

These load deflections during 2g were minimal
and well within the range of safe operation.

Foot and Waist Restraints

The new circumferential foot restraint bar was
used and liked by all investigators. It was easy
to step into and stay with, and simple to move
along using feet only. The tendency to dorsiflex
the feet under the bar to provide more secure
restraint could prove fatiguing in prolonged
activities. The bar was used exclusively during
brief activities and precluded the need for waist
restraint.

The simple cord loop ties with carabiners at-
tached to the MRS rail proved effective and
could serve as a waist restraint attachment
until a more specific flight design concept is
available. In some instances, the cords were so
snug the investigators struggled to attach or
release the carabiner.

In previous flights, it was noted that, for waist
restraints to be really useful, the CMO must be
able to snug the restraint tight against the MRS
frame. If the waist restraint is loose, it only
keeps the CMO in the general proximity of the
MRS, and the foot restraint must be relied on for
actual stability.

Two types of waist restraint were used during
the flight: a mountain climbing seat harness
and a wraparound belt. The seat harness
provided more security and stability, especially
regarding rotation. The wraparound belt pro-
vided more movement and freedom, especially
with respect to rotation. More thorough evalu-
ation of the restraints on this flight can be found
in the report of the reach envelope study.

It was also noted that the simple patient re-
straint straps were effective and comfortable.
However, the width of the MRS made it difficult
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for one individual to deploy them in flight, and
if the straps were unbuckled they tended to fall
through the slots during 2g.

Equipment Restraints

The bracket and pin setup for attaching the
instrument tray, CCAD and ALS pack were
functional and effective. They required minimal
time, especially if the subassembly of pieces
was accomplished prior to deployment. There
was some laxity noted in the interfacing of parts
that was fine for zero-g but could become a
problem with further loading during 2g.

CCAD Prototype

The new MRS and the CCAD were incompatible.
The new MRS is significantly wider and the
CCAD would not reach the desired area.
Further evaluation was therefore postponed.

Reach Envelope Study

See Functional Reach, Restraint, and Deploy-
ment Study.

Spine Stabilization

The subject reported that head stabilization
was good using the torso straps and cardboard
head stabilizer with the MRS headboard in
supine position. The addition of C-spine stabi-
lization appeared to be quite effective. Both
subjects noted a preference for torso and head
padding and insulation for the MRS with pro-
longed supine restraint (even during zero-g.)
The current design of slots in the headboard
actually interfered with the placement of the
head restraint due tolack of continuous surface
areaforattachment. This emphasized the need
for an integrated design that allows the head-
board to incorporate and interface with what-
ever head and neck immobilizer is selected for
SSF use.

Transport Function

Whenthe headboard and patient were detached
from the MRS, it was easy for one or two
operators to manipulate and move the assem-
bly using the handholds in the headboard. The
patient retained positioning on the headboard
during zero-g without difficulty although amore
secure method of strapping may provide less
chance of slippage. Based on previous KC-135
transport studies, the headboard may be im-
proved by incorporating more Kendrick Extrac-
tion Device (KED)-like features.

‘conctusions

In general, the MRS proved to be safe, func-
tional and effective for KC-135 use. Additional
knowledge was gained concerning restraints
and human factors interfaces that will contrib-
ute to further developmental progress. It is
recommended that the few fine-tuning adjust-
ments detailed in the Results Section of this
report be incorporated into the second proto-
type.

Most of the knowledge and experience gained
from this and previous studies continues to
point toward a simple MRS with flexible func-
tion and one that is easy to deploy. Many of the
original design features seem less desirable at
this stage of the project. The transport and
emergency functions seem paramount, and for
each utilization scenario, the factors of re-
straint, stability, and mobility must be consid-
ered for patient, CMO, and equipment.

It is recommended that the second generation
prototype be employed in support of a series of
KC-135 flight tests and ground simulations,
and that careful commentary be recorded as to
its features and function. Using these dataand
the results of the SLS-1 Shuttle Flight MRS
DSO, the next generation prototype should be
available within the next year.
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‘PHOTOGRAPHS .. = . .

$91-26644: Investigators set up the MRS, One
Investigator attached to the MRS with CMO
restraints passes a medical kit to the other.

$91-26645: Two investigators restrain medi-
calhardware to the MRS. The waist straps used
by the investigators are the prototype CMO
restraints.

S$91-26646: The investigatorfloats, restrained
above the MRS. He is removing a medical kit for
use.

$91-26649: Aprototype CCADisusedonatest
manikin,

$91-26650: Using the MRS, investigators simu-
late transport of a patient in microgravity.

8§91-266561: The retaining pins are removed
from the backboard of the MRS in preparing for
patient transport.

$91-26653, $91-26656, and $91-26657: A
restrained patient is moved about the cabin
simulating transport of a patient inmicrogravity.
Patient is attached to the head board of the MRS
with restraint straps, and head is immobilized
with a head strap.
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S91-26656: A restrained patient is moved about the cabin simulating transport of a patient in microgravity.
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Functional Reach, Restraint, and Deployment Study

Flight date:
Principal Investigator:

Co-investigators:

January 15, 1991
Roger Billica, M.D. (NASA-JSC)

Ed Cordes (MDSSC)

Debbie Orsak (MDSSC)

Terry Guess (KRUG Life Sciences)
Victor Kizzee (KRUG Life Sciences)

GOAL

The purpose of this flight investigation was to
determine and map accurately the maximum
reach and deployment envelope for CMOs using
the SSF HMF. This system is presently com-
posed of SSF rack-mounted medical equip-
ment, deployed life support systems, and the
CHeCS Medical Restraint System (CMRS).

1. Verify the HMF rack-mounted equipment’s
front panel accessibility for 5th and 95th
percentile test subjects while restrained to
a prototype CMRS using proposed foot and
walst restraints.

2, Evaluate the proposed HMF CMRS waist
and foot restraint systems as they relate to
HMF accessibility.

3. Evaluate usevolumes and methods for pro-
posed HMF deployable equipment such as
the defibrillator, ALS pack, and powered
infusion pumps.

INTRODUCTION

A KC-135{light test was performed in conjunc-
tion with a related CMRS prototype evaluation
conducted by members of the HMF project
teamn. The standard 40-parabola flight profile
was followed affording approximately 30 sec-
onds of near-zero-g with each parabola. Five
test subjects were involved in the investigation.
During the parabolas in which reach mapping
was conducted, one test subject served as the
95% male profile (actual height 6" 27), another
as the 5% fernale (actual height 4’ 97), and one
assisted in equipment preparation for subse-
quent parabolas. The flight also included dedi-
cated video tape coverage.

Preflight evaluation and rehearsals identified
the most promising CMRS restraint mecha-
nisms, as well as procedures to allow the most
effective use of available microgravity time. It
was decided to use three types of waist re-
straint. The most basic waist restraints was a
simple double waist loop attached at a single
point to the CMRS outer rail. Other restraints
included a 3-point mountain climbing haress
and a hybrid harness developed by KRUG Soft-
goods. Footrestraint was accomplished using
the foot restraint bar provided by the CMRS
prototype. Although stated objectives of this
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test did not include waist or foot restraint
evaluation, preliminary design evaluations are

provided in this report.

Reach/deployment mapping was not conducted
during the initial and final 10 parabolas since a
concurrent CMRS prototype evaluation was
being conducted (see Second Prototype Medical
Restraint System for Space Station Freedom
report). The flight sequence was as follows:

Parabolas 1-10

» Assist indeployment of CMRS and determi-
nation of effective CMO/restraint attach-
ment method. Assist dedicated video tape

recording.

e Assist in CMRS deflection measurements.

Parabolas 11-20

e Map reach limits for 5% and 95% CMOs
onto a simulated rack front panel from a

midboard CMRS position.

¢ Map reach limits for 5% and 95% CMOQOs
onto a simulated rack front panel from a

headboard CMRS position.

Parabolas 21-30

¢ Evaluate and map deployed equipment use
volumes for various sized test subjects.

e Evaluate various CMO and equipment re-

straint mechanisms

Parabolas 31-40

e Evaluate transport function of headboard
and spine stabilization. Assist dedicated

video tape recording.
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As the rack installation design fidelity of the
HMF and CHeCS in general has increased, it
has become apparent that layouts sensitive to
ergonomic and anthropometric issues are nec-
essary to ensure the effective use of installed
equipment. Earlier layouts have been sensitive
to reach boundaries based on subjective one-g
evaluations. The addition of a “free-standing”
medical restraint system which provides defini-
tive restraint of both patient and CMO further
complicates the entire reach volume issue.
Finally, the possibility of increasing reach bound-
aries in zero-g using certain types of waist
restraint mechanisms made it apparent that a
simulated zero-g environment study was needed.
The results of this study, which involve repre-
sentative examples of a CMRS, waist restraints,
and rack front panel surfaces, will be the em-
pirical data used to determine future equip-
ment and interface panel locations. The rack
face-to-CMRS relationship is representative of
current habitation module or node layouts and
has been favored by CMOs in various ground-
based and KC-135 medical simulations. This
configuration reflects a one-g orientation with
the patient supine and parallel to the rack
faces. The distance between the CMRS and the
rack faces is 28.5 inches (see figures 1 and 2)
which closely approximates the distance inthe
HMF habitationmodule configuration. Allreach
measurements were taken with the test sub-
jects using some form of a waist restraint.
Current CMO opinion is that the majority of
CMRS medical procedures will require at least
a waist restraint. Test subject reach measure-
ments were taken using the integral foot bar
and using only the waist restraint.

Measurements were taken at two discrete posi-
tions on the CMRS. Test subjects were re-
strained using the CMRS top rail at both the
midboard and the top of the headboard. Only
single position measurements were recorded.

Functional Reach, Restraint, and Deployment Sfuay



If later waist restraint designs allow for 360-
degree mobility around the CMRS top rall, the
effective reach volume will increase correspond-
ingly. Measurements taken inflight were trans-
ferred to a Compression Assist Device (CAD)
modelto besuperimposed later onvarious rack
layouts for configuration evaluations.

'METHODS, MATERIALS AND FERSONNEL

Second generation CMRS prototype

HMF miniracks with gridded panel attached to
the front

Various CMO waist restraint devices

ALS pack

Measuring tape and recording devices

Box volumes representing various pieces of
portable HMF equipment

Video recorder

Personnel consisted of one test conductor
(MDSSC design engineer), two test subjects
{representing both the 95th and 5th percentile
CMO size range), one co-investigator (project
physician), and a dedicated video recorder.

Test results were recorded using written notes,
dedicated video, reach boundary marking, and
nondedicated NASA still photography.

Preflight: Prior to the flight, parabola sequenc-
ing was completed and rehearsed. KC-135
safety personnel performed a ground safety
analysis, and restraint hardware was fitted and
adjusted for the various test subjects.

Parabolas 1-10: Initial evaluation of the sec-
ond generation CMRS was conducted (see Sec-
ond Prototype Medical Restraint System for
Space StationFreedomreport). Deflectionmea-
surements were taken using the 95th percentile
test subject during the 2g pullout. The utility of
variousrestraint pieces (such as the backboard
section) was evaluated. Preparations for the
reach study were completed.

Parabolas 11-15: The 5th and 95th percentile
test subjects marked theirreach boundaries on
the rack face from the CMRS midboard posi-
tion. The test subjects alternated marking
reach boundaries while using foot/waist re-
straints and waist restraint only techniques.
Reach envelopes and observations were re-
corded real time on the gridded front panel
surfaces. Waist restraints were the simple
double loop design.

Parabolas 16-20: The 5th and 95th percentile
test subjects marked theirreachboundaries on
the rack face from the CMRS headboard posi-
tion. The test subjects alternated marking
reach boundaries while using foot/waist re-
straints and waist restraint only techniques.
While reach boundaries were being recorded,
an informal evaluation of the mountain-climb-
ing-type harness was conducted. The KRUG
Softgoods harness could not be evaluated be-
cause a number of restraint loops failed before
the zero-g portion of the flight.

Parabolas 21-30: A number of deployed
equipment reach volumes were recorded. Reach
boundaries were recorded from a number of
positions using various pieces of equipment. A
volume representing the HMF powered infusion
pump was “deployed” from the rack face and
mounted tothe CMRS. Visualandreachaccess
to controls on the box were recorded from a
number of positions around the CMRS. A
prototype ALS pack was also deployed. Various
subpacks were attached to the CMRS and ac-
cess to them was recorded. Subjective analysis
of the CMRS foot rail was also conducted.

Parabolas 31-40: Spine immobilization tech-
niques were conducted using the detached
headboard section of the CMRS. The 5th per-
centile test subject was restrained to the back-
board and zero-g transport was practiced (see
Second Prototype Medical Restraint System
report).
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Rack Front Panel Mapping

Results of the flight mapping exercises have
been plotted and mapped to standard SSF rack
front panels. Results can be found in Figures
3 through 8. The worst case scenario of a 5th
percentile female restrained at both the waist
and feet still allows access to approximately
1/3 of the usable rack front panel surface. As
seen in picture $S91-26635, the double loop
walist restraint allows the 5th percentile test
subject to float up from the table edge slightly.
The ability to float up while still effectively
restrained to the table top rail allows the smaller
CMOs to increase their access by approxi-
mately 20%.

Mapping of the 95th percentile test subject
reach boundaries shows that the test subject
can access approximately 2/3 of the usable
rack front surface while restrained at both the
waist and feet. With only a waist restraint, the
subject can access almost the entire usable
rack face surface, especially when able to float
slightly away from the table edge.

Mapping is reflective of measurements taken at
two discrete points along the CMRS top rail. If
actual flight restraints allow for 360-degree
translation around the CMRS as suggested, the
actual reach boundaries can be increased sig-
nificantly. Figure 9 maps a horizontal inter-
pretation of these boundaries. Future rack
layouts will include an analysis of equipment
locations based on these mappings. CMO pref-
erences for working from the midboard section
of the CMRS will further help determine the
placement of rack-mounted equipment con-
trols and stowed items.
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Deployed Item Reach Boundaries

Anumberof foam-core boxes representing pieces
of HMF hardware were used in a subjective
analysis of deployed equipment usage. The 5th
percentile test subject could easily access the
representative infusion pump volume from a
number of locations on the rack front panel
while tethered to the CMRS with a walist re-
straint. When the pump was mounted to the
footboard of the CMRS, the test subject could
also physically and visually access the pump
control surface from anywhere around the cir-
cumference of the top rail. Portions of the ALS
packwere also deployed. Again, the 5th percen-
tile test subject had little difficulty accessing
the packs restrained to a work tray from any
position around the CMRS. By releasing her
feet from the foot bar, the test subject was able
tofloat horizontally over the top of the table with
only her waist tethered. Access boundaries for
the 95th percentile test subject were signifi-
cantly better. It appears that the current size
and general form of the CMRS accommodates
the full range of CMO movements. A flight
design which incorporates 360 degrees of waist
restraint and an integral/quick release foot
restraint also offers reach limits sufficient for
most medical procedures.

Waist Restraints

Initially, three different waist restraints were to
be flown and subjectively evaluated (see figure
10). Thefailure of the KRUG Softgoods restraint
prior to the zero-g portion of the flight removed
it from the evaluation process. It is, however,
anticipated that this restraint will perform well
in situations when a more firm waist-to-CMRS
attachment is required. Its design evolved asa
cross between the double loop and the moun-
tain climbing harness. The full climbing har-
ness provided a much more secure waist-to-
table edge attachment but did not allow the
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CMO to rotate away from the table effectively.
This type of restraint would be preferable when
medical procedures involve delicate tasks such
assuturing, Asageneral purpose restraint, the
double loop system performed well. This design
allows the CMO to rotate completely around
while still attached to the CMRS top rail. To
remove slack from the belt and give a more
stable waist attachment, the CMO must apply
pressure upward from the legs. For this reason,
the double loop restraint may prove fatiguing
during long or delicate procedures. A complete
MRS should offer both types of restraints, espe-
cially if there is to be more than one CMO
involved in a specific procedure.

CMRS Integral Foot Restraint Bar

A new design feature of the second generation
CMRS prototype is an integral foot restraint bar
around the circumference of the base. The bar
is reflective of the top rail profile and is set
approximately 2 inches off the floor surface. All
the test subjects felt this type of foot restraint
provided adequate foot positioning. It was also
demonstrated that with this system, a CMO
could effectively translate the full length of the
table without any other form of restraint. Con-
cerns include the height and profile of the bar.
Test subjects wore military boots which were
large enough to simply wedge between the bar
and floor. If crewmembers intend to work in
stocking feet or light shoes, the rail profile
should be contoured or padded for comfort. A
lowering or reshaping of the rail would also
prevent the CMOs from dorstiflexing their feet to
remain in place. Overall, the basic foot rail
design seems to be an effective method of lower
body restraint and should be incorporated in
subsequent flight prototypes.

'CONCLUSIONS =~

Empirical reach information gathered regard-
ing the HMF/CMRS system will be applied to all
future rack integration and front panel layouts
and will aid in designing for human factors/
anthropometric considerations. This informa-
tion will also provide a basis for evaluating the
effectiveness of a particular rack layout prior to
further KC-135 test flights. Data gathered
regarding rack front panel reach envelopes is
also adaptable to other CMRS/HMF rack rela-
tionships and should prove useful if other loca-
tions, such as the resource nodes, are selected
as installation locations for the HMF system:.

Subjective deployed reach analysis showed that
it is possible to access almost any area of the
current CMRS prototype while restrained tothe
table top rail. Equipment volumes, such asthe
powered infusion pump and ALS pack, when
mounted at the foot of the CMRS, could be
physically and visually accessed by the 5th
percentile test subject located at the headboard
section.

Waist restraint evaluations concluded that both
prototypes proved effective in basic CMO-to-
CMRS restraint. The double loop system al-
lowed the test subject to rotate away from the
table, increasing the possible reach volume.
The mountain climbing harness provided a
much more stable and secure waist-to-table
connection but prevented the CMO from easily
rotating. The final flight hardware list should
include both forms of restraints or a hybrid
design which accommodates the features of
both systems. A restraint which would allow
the CMO to move around the circumference of
the table without unclipping from the waist
restraint would also be preferable. The two
prototypes flown should provide adequate re-
straint for further KC-135 medical simulation
and equipment flights.
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The CMRS integral foot restraint system func-  §91-26633: 5th and 95th percentile test sub-

tioned well and was favored by all the test Jects mark reach boundaries while usmg pro-
subjects. The simplicity and adaptability ofits  posed waist and foot restraints.
design suggest that it should be further refined

and continued in future CMRS prototypes. S$91-26646: 95th percentile test subject per-
forms deployed item (ALS pack) reach analysis.

$91-26635: 5th percentile test subject marks
upper reach boundaries while using only the
double loop waist restraint.
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S91-26633: Using proposed waist and foot restraints, 5th and 95th percentile test subjects
mark reach boundaries.
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Figure 2. Side view of KC-135 test installation.
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Figure 3. 5th percentile at midboard position, rack front reach boundaries.
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Figure 4. 95th percentile at midboard position, rack front reach boundaries.

Page 18

Functional Reach, Resitraint, and Deployment Study



w

/'/—P’\
T
~
3

Drawing Key
@ 5% headboard position
waist restrzaint only

B8 5% headboard pasition
waist & {oot restraints

Figure 5. 5th percentile at headboard position, rack front reach boundaries.
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Figure 6. 95th percentile at headboard position, rack front reach boundaries.
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5% with waist restraint only

g 95% with waist & foot restraint

95% with waist restraint oniy

Figure 8. Headboard reach boundaries mapped to standard SSF rack faces.
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Projected mapping of reach volumes using a waist restraint which translates around the
CMRS top rail.

Figure 9.
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Mountain climbing harness restraint

Adjustable double loop restraint

Figure 10. Waist restraint prototypes used.
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KC-135 Shutile Orbiter Medical System Equipment/Supplies Evaluation

Flight Date:

Principal Investigators:

Co-investigator:

January 16, 1991

Denise Baisden, M.D. (NASA-JSC)
Kristen M. Maidlow (KRUG Life Sciences)

William Pierce (KRUG Life Sciences)

Goar

The purpose of this flight was to analyze flow
through anIV administration set tobe included
in the Shuttle Orbiter Medical System (SOMS)
medical kits. Different pill containment sys-
tems were also evaluated for the SOMS medical
kits.

OBJECTIVES . . -
1. Measuring IV Flow Rate

One-g Testing: The one-gtest was designed to
obtain controlflow rates for the Baxter Travenol®
set. Testing was completed prior to the flight,
such that modifications (if necessary) could be
made to the design prior to zero-g testing.

Microgravity Testing: The effectiveness of the
Baxter Travenol® IV administering was evalu-
ated based on the following criteria.

e flow rate
— Can the set deliver a large quantity of
fluid quickly?

e flow quality
— Does the air/fluid separator remove the
bubbles consistently and continuously?

* components
— Are all components necessary?
— Doallcomponentsfunction as expected?
specifically:

air/fluid separator;

— effectiveness evaluated by observ-
ing flow immediately before and af-
ter the component

— maximal flow rate through this
component

one-way flow valve:
— lowimmediately before and after the
valve

Each set will be tested for three parabolas.

The comparability of the Baxter Travenol® set
was evaluated with the procedures listed in the
Medical Checklist, JSC 48031 (included in
appendix A).

2. Alternative Pill Containment Systems

Sodium Chloride Tablets and Birth Control
Pills (BCPs): Alternative pill containment sys-
tems for both medications were evaluated based
on the following criteria.

¢ single tablet administration
— Does the design allow single tablet
removal?
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s reusability/reliability
— Is the design appropriate for multiple
uses? This is a concern because the
plastic material used to construct bags
tends to stretch and tear if stressed
continuously.

e volume
~ Due to limited volume in the SOMS
medical kits, the alternative pill con-
tainment systems cannot occupy more
volume than the current bags.

Measuring IV Flow Rate

IV fluid administration is unique in zero-g be-
cause air bubbles contained in the IV bag
become evenly distributed in the solution. To
prevent air bubble administration to the pa-
tient, a reliable air/fluid separation device is
needed.

The SOMS currently includes an off-the-shelf
IV administration set produced by Cutter Phar-
maceuticals. The set has been tested exten-
sively, and flow quality (the absence of air
bubblesin the fluid following the air /fluid sepa-
rator) has proven consistently excellent.
Although the set provides reliable air/fluid sepa-
ration, the resultant flow rates are less than
desired. Flow rates obtained in micro-gravity
range from 0.5021 cc/sec to 0.8766 cc/sec.
The Cutter® set also contains components un-
necessary for zero-g operation. For detailed
analysis of the Cutter® set, see NASA Technical
Memorandum 104740, “KC-135 Shuttle Or-
biter Medical System Equipment/Supplies
Evaluation Executive Summary,” flight dates
May 3, 1990 and May 25,1990.

To obtain higher flow rates and delete extrane-
ous components, an alternative IV set was
designed by Medical Operations and produced
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by Baxter Travenol®.
following components:

The set includes the

IV bag spike

air/fluid separator

one-way flow valve

roller clamp valve

medicinal entrywith swab pad injection site
Luer® adapter

36" of tubing

See appendix B for a schematic.

If the IV administration set produces the de-
sired flow rate and quality in microgravity, it will
replace the current IV administration set in the
SOMS kits. Further certification for flight isnot
necessary permemorandum SD2/87-T36 “De-
viation Request-JSCI8080.2GJSC Criteria and
Standards.”

Totake advantage of the benefits of bothbrands
of IV administration sets, a “makeshift” IV
administration set was constructed. The set
consisted of the Baxter Travenol® set with the
air/fluid separator replaced with the Cutter®
component. Data obtained from the flight will
be used to compare the Cutter® set data with
the Baxter Travenol® set data.

Alternative Pill Containment Systems

Sodium chloride tablets and the Norgestral/
Ethinyl Estradiol (BCPs) located in the Medica-
tions and Bandage Kit (MBK) in Pocket 2 (P2)
are currently contained in zip lock plastic bags
for flight.

On STS-38, flight crewmembers had difficulty
removing single sodium chloride tablets for
fluid loading. When the bag was opened, sev-
eral tablets floated out. The BCPs, which have
not been used on orbit, are smaller tablets
which will amplify the problem. An alternative
containment method is necessary for both types
of tablets.

KC- 135 Shutfle Orbifer Medical System Equipment/Supplies Evaluation



Baxter Travenol® IV administration set

“Makeshift” IV administration sets

Blood pressure (BP) cuff, EMK C1-1

250 cc saline pouches (dyed for video pur-
poses), EMK D1-8

Receiving bags

Towels

Duct tape

Dermicel® tape, MBK F1-4, EMK B1-8

Stop watch

2x3 foot table

Scissors

Pill containment systems - five different types

Sodium chloride tablets

BCPs

Preflight Procedures
Measuring IV Flow

One-g Testing: This portion of the experiment
was designed to obtain control flow rates. Con-
trol valves were used postflight to compare the
Baxter Travenol® set with the Cutter® set. To
evaluate the Baxter Travenol® IV administra-
tion set, six different sets were analyzed each
consisting of:

e IV administration set

e saline bag (five 250 cc bags and one 500 cc
bag), injected with blue dye for observation
purposes

e BPcuff

e receiving bag attached to the terminal end
of the IV line

To obtain control flow rates, the following pro-
tocol was used with each setup.

1. Labeled saline bag and IV administration
set for data recording.
2. Recorded mass of saline bag in data table.

3. Closed roller clamp valve and clamped IV
line above the air/fluid separator to keep
the unit dry before flow initiation.

4, Inserted theIV spikeintosalinebagandthe
terminal end into the receiving bag.

5. Placed setup on testing surface with the
following air/fluid separator orientations:
¢ horizontal
¢ vertical with excessive agitation
e alternated vertical/horizontal position
* horizontal with IV line looped
¢ horizontal
¢ horizontal

6. Initiated flow and continued for 3 minutes,
recorded exact flow time (Dt) and flow qual-
ity in data table.

7. Measured and recorded postflow mass.

Zero-g Testing: In-flight test procedures were
practiced by all flyers prior to flight. Flight
assignments were clearly delineated, time re-
quirements were estimated, and in-flight
progress goals were established.

In-flight Test Procedures
Measuring IV Flow Rate

Eight IV sets were analyzed during the flight.
Thetest protocol was identical forall sets. Each
set was analyzed separately. The setup is
described in the preflight write-up (see
appendix A). IV administration procedures
listed in the Medical Checklist were evaluated
by inflating a BP cuff wrapped around each
250 cc saline bag to 300 mmHg prior to the
initiation of flow.

Two types of IV administration sets were used:
e Baxter Travenol®: Custom-produced for

Medical Operations, this flight signifies the
first microgravity test of the set.
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¢ “Makeshift” IV set: Cutter® brand air/
fluid separator inserted in the Baxter
Travenol® set.

Spike insertion was attempted both before and
after inflation of the BP cuff with both IV
configurations. The roller clamp valve was
closed on all eight sets prior to flow initiation.
Flow was controlled using the roller clamp
valve.

Time recording started when the roller clamp
valve was opened.

Alternative Pill Containment Systems

Allfive designs were evaluated by all flyers. Oral
observations were made, and the investigators
agreed on the best design (see appendix C for
designs).

Measuring Flow Rate

One-g Testing

A. Data (see table below)
B. Graphs

See appendix D for one-g flow rates for
Baxter Travenol® IV administration set as a
function of BP cuff pressure.

C. Observations

Baxter Travenol® set

SETUP 1

¢ Numerous air bubbles were in the IV
line throughout the flow period.

* Bubbles were highly concentrated
around the air/fluid separator and one-
way flow valve.

e Air was mixed in the fluid up to the air/
fluid separator, only fluid aft