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Architectural Analysis
Patricia Kucker, MARCH, AIA (University of Virginia - Charlottesville, VA) performed an
architectural analysis of the movement of this device versus a stretcher into a contemporary, smallish

semi-private hospital room. This report was developed for the Phase Il application, but is included
with this report for your edification.

Videotape

A 17-minute videotape (enclosed) was prepared with selected sequences from the Phase | study.

Selling Price

This new device can be manufactured for a now-estimated $2500-$3000 and sold for about $6000.
This is the current selling price for two good stretchers. Top-of-the-line lifts are currently selling
in the $5000-$6000 range. Black Mountain MedCrafters is currently in meaningful communication
with several of America’s top medical device manufacturers. It is hoped that one of them will agree to a

partnership in the Phase |l proposal.

Offshoot Device

Using this innovation, i.e., surrounding a bed to effect a patient transfer, has caused the development of
another, much smaller, device which can, without manual lifting, remove a recumbent patient from bed
and transfer him/her to a commode, easy chair or wheelchair - or serve as a wheelchair.
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The writer would like to thank the National Institute for Occupational Safety and Health for the
tremendous financial and personal help, and for the awesome trust given to him. NIOSH will be given
due credit for the developmernt of this device, and for the development of the company which engendered
it. Special thanks are due to Dr. James Collins of ALOSH in Morgantown, WV, whose willing and frank
“down home" advice and counsel did much to insure a successful Phase | study.

Very special thanks are due to you, Dr. Fleming. It was you who inspired the opening and closing of this
new device - what, in the final SBIR Phase | analysis, was the most dependable and least troublesome of
all the engineering innovations embodied in this equipment. The new, in-line actuator technology,
thanks in part to you, will make this new equipment appear to open as if by magic!

Respectfully and gratefully submitted,

Theodore Anthony Williamson, RN
Principal Investigator
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Principal Investigator’s Critique of Design Flaws

This critique of SBIR grant #1 R43 OHO03380-01 explores design flaws in the feasibility
model of the “Invalid Patient Transfer-transport-lift-weigh System”. The device will be
redesigned accordingly, and will be UL-(or equivalent) approved before field trials.

1. Problem: The device was too tall,
Solution: Decrease height of device.
2. Problem: The motor housing was too large.
Solution: Decrease size of housing to appropriately fit components.
3. Problem: The gate housing protruded from end of device.
Solution: Recess gate housing under patient. Use smaller transport oxygen bottle.
4. Problem: The patient hammock was poorly designed.
Solution: Design hammock with appropriate width and length. Eliminate head and
foot “rails”.
5, Problem: Hoisting frames were too tall.
Solution: Decrease height of hoisting frames.
6. Problem: Caster rollability was poor.
Solution: Select casters with increased rollability.
7 Problem: Device was too heavy.
Solution: Choose appropriate schedule of stainless steel pipe to support double

the maximum patient load.

8. Problem: Hoisting frame carabiner pinched finger of one test subject.
Solution: Select fastener of appropriate size and with remote latch control.
9. Problem: Hoisting frame carabiners too large.

Solution: Select smaller fastener.
10. Problem: Hoisting frame carabiners eccentrically-shaped.

Solution: Select fastener with uniform shape to avoid "hammock-settling”.
11.  Problem: Height of hoisting frame depends upon user’s judgement.

Solution: Use stepper motor to incrementally raise and lower hoisting frames to
predetermined levels. Provide covered override switch for unforeseen
adjustments.

12.  Problem: Hoisting frame storage fasteners difficult for user.
Solution: Select fasteners with remote latch control.
13. Problem: Hoisting frame may strike patient's head.
Solution: See solution numbers 5 and 11 above.
14. Problem: Patient's feet may catch on pipe.
Solution: Design stop for patient's feet. Lengthen hammock. Provide inservice

education.
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Battery may fail during transport.

Provide emergency power supply. Provide low voltage indicator on
instrument panel. Design motor and actuators with low amperage
requirement. Design power supply to double expected daily usage.
Provide battery charger for night shift replenishment of battery storage
capacity. Provide inservice education.

Hammock clamps may catch on bed when surrounding bed for
transfer/transport.

Hammock clamps were eliminated as unnecessary on the advice of
Consultants, and they were not employed during the study. They were
removed for the second day of the study (see videotape). It was thought
that 4-point support provided stable platform for transport.

Fingers may be pinched when device closes.
Provide soft, durable plastic end caps. Provide warning label and

inservice education.

Gate housing did not open completely.
Design hinges to allow complete opening of gate(s).

Shelf, when in place, inhibited opening of device.
Design shelf brackets on non-opening side of device.

Inconvenient to remove monitor shelf from storage.
Design shelf to fold up at foot of device when not in use.

Actuator motors create unsightly bulge in housing.
Use new in-line actuator motors with extender sleeves to mimic pipe.

Utility (lower) hammock found to be unnecessary and inconvenient.
Eliminate utility hammock from design.

Bed pan pocket on side rail interfaces with the patient.
Design storage for bed pan and toilet tissue in one of housings.

Hammock occasionally “jerks” during ascent or descent.
Design cable guide to prevent piling and then slipping of cables when
winding on reels.

Foot-end of device stops at footboard of bed when surrounding bed.
Design to straddle bed completely.

Device may have problem maneuvering in small, semi-private patient

room.
Width and length of device is the same or less than that of standard
stretcher designs. See accompanying architectural drawings of technique
for surrounding a bed for transfer/transport in a small, semi-private

patient room.

Threat of running over patient's head or feet when picking up from floor.
Provide inservice education on proper (diagonal) technique for picking a
patient up from the floor.



39. Problem:
Solution:

40. Problem:
Solution:

Single cable ferrule may fail.
Design double ferrules or safer method of attaching cable to reels or
hoisting frames.

Personnel may exceed design limit of 500 pounds.
Provide warning label(s) and inservice education.

Submitted to Dr. Roy M. Fleming, Associate Director for Grants, NIOSH, 15 March 1997.

S Te [ [T | Ny L (U N, ST A T e T Principal Investigator
SBIR grant #1 R43 OHO03380-01
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or foot end of the SCAT to guide. The SCAT was pushed about 10
feet and then maneuvered around a 90 degree angle corner and pushed
another 25 feet where the pathway was only 46 inches wide.

Equipment/Devices Used In The study: The stretcher delivered to

the laboratory for the study was a Hausted SimCare by Simmons. It
was 35 inches high and not adjustable for height; it was also 35
inches wide (including the side rails which did not recess): the
brakes were "under" the stretcher (22 inches in from the bottom
end of the stretcher, and 8 inches in from the side of the
stretcher) and the brakes did not hold. There was also some type
of a rail at the top and bottom of the stretcher but it pulled out
if used for pushing or pulling. This stretcher was used for Tasks
1,2, and 3 for Group 1.

The following stretcher was used for tasks 1,2,3, and 5 for Group
2, and for Task 5 for Group l. It was a Simmons stretcher which
was 29 inches wide, was adjustable for height, the side rails
recessed, the brakes were functional and were within easy reach for
use, and there were no rails at the top and bottom of the
stretcher.

The mechanical 1ift used was a modern battery operated model. The
universal sling was used; this sling does not have a head rest.

The draw sheet was the typical draw sheet used in health care
settings. :

The Friction ReducerI is a friction-reducing device placed under
the draw sheet. It has two layers of Gortex-type material ' and
between the layers is silicone lubricant which permits the layers
to slide over each other very easily.

The Friction ReducerII is a cylindrical mat; the inner side of the
cylinder is covered with a specially processed slippery material.
For use, the device is laid down flat with the upper and lower
inner sides facing each other hence providing friction reducing
properties.

Some of the design of the SCAT was changed inbetween the August and
September study dates. The September design‘'was used in this study
and the description of that will be described by Ted Williamson.

Procedure: The original design for the study was a counter
balanced panel design consisting of:

Day 1
Group 1 - carry out the tasks using the assistive devices of draw
sheet, Friction ReducerI, Friction ReducerlI, battery operated
mechanical device using the Universal sling, and to transport the
"patient" via a regular stretcher.
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Day 2
Group 2 =-carry out all the- tasks using the SCAT device starting
with bed to SCAT, then floor to bed, and finally transport.

Day 3
Group 1 - carry out all the tasks using the SCAT device but in
reverse order from Group 2.

Day 4
Group 2 - carry out the tasks using the same assistive devices in
Day 1 but carry out tasks in reverse order from Group 1.

Day 5
Groups 1 and 2 S Ranking of devices preferred based on a case
51tuaplon and rationale stated for the ranking. General discussion
relating to preferences, ease of using, ease of understanding, etc.

Day 1 was carried out as planned (except the mechanical 1lift and
transporting the "patient" were not completed because time ran out
due to completing the demographic data sheets, instructions on how
the subjects would be paid, etc.).

On day 2 the plan for Day 4 was carried out because the SCAT was
not ready for use; however, the tasks were performed in a different
order because a newer stretcher was requested and did not arrive
first thing in the morning. Transferring "patient" from floor to
bed was done first; then the order was bed to stretcher using the
Friction ReducerII, Friction ReducerI, and draw sheet. This group
transported last.

On Day 3 Group 1 completed the tasks of lifting from the floor and
transporting the "patient" and were then dismissed.

Days 4 and 5 -there was no study activity because the SCAT was not
ready for use.

Days 2 and 3 of the original design were carried out approximately
8 weeks later.

The general procedure for carrying out each 'task was as follows:

1. Each subject followed a grid which displayed when each was to
be the "patient" and when each was to be in which position for the
transfer (eg on the pulling side for the "patient’s" hip position,
on the pulling side for the "patient’s" shoulder and torso
position, or on the pushing side); each subject experienced each
position with each "patient".

2. The subjects got into their positions and were taught how to
carry out the task.
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. 5 The subjects practiced the task once (on two occasions the
group askad.to practice the task twice) and stated they were
comfortable in knowing how to carry out the task.

4. The subjects carried out the task.

5. The subjects filled out the data sheets.

6. The carrying out of all tasks were timed with a stop watch.
RESULTS

In all, the participants completed 521 reports of transfers with 4
ratings of perceived exertion and 2 ratings of patient comfort and
security, yielding 6,252 data points. Although the perceived
exertion scale went from 0 (nothing at all) to 10 (extremely hard),
most ratings were near the lower end of the scale. Over all,
perceived exertion to the low back while transferring from the bed
using a draw sheet had the highest average rating of 3.3, while
perceived exertion to the neck while transporting a patient with a
stretcher or the SCAT had the lowest average ratings (0.22 and
0.25).

Total Perceived Exertion, Patient Comfort/Security, and Time

(Table 1, page 7)

Two totals, one for perceived exertion and the other for the
patient, were computed from the separate ratings. Ratings of
perceived exertion to the neck, shoulder, middle back, and lower
back were added together to get the perceived exertion total, and
the ratings for comfort and security were added together for the
patient total. The averages for each device are presented in Table
1. For each task, total ratings of perceived exertion were lower
with the SCAT compared to the other devices, and the differences
were statistically significant for transfer from bed (F = 32.90, p
< .001) and patient transport (F = 8.47, p < .001). Patients
reported significantly less discomfort and insecurity with the SCAT
than with the comparison devices for all tasks.

Analyses of the total time taken to move the patient with each
device found that transfers from the bed took longer with the SCAT
than with the comparison devices, patient transport took less time,
and transfers from floor to bed took about the same number of

seconds.

Overall effect sizes are relatively large, with many effects as
large as or larger than half a standard deviation.

Perceived Exertion Total and the Patient Total are illustrated in
Figures 1 and 2 (pages 8 and 9). '
























14

Number of Personnel Needed To Transfer/Transport the "Patient."

From the Bed. Six of the 7 subjects stated 2 people were needed to
make the transfer with the SCAT and cited it was easier to have One
person on each side of the SCAT. One subject stated one person
could make the transfer because she felt no body strain and the
patient was not in danger of falling.

All subjects indicated 2 people were needed to transfer using
Friction Reducerl; rationale given was that one person was needed
on each side of the bed for safety of the patient.

Six of the 7 stated 3 people were needed for transferring with
Friction ReducerII because one was needed for each side of the bed
and the third was needed to support the head or feet during
transfer.

Six of the 7 indicated a need for 3 people to transfer by use of
the draw sheet; one subject stated 4 people were needed. They
indicated the 3 or 4 were needed because of the amount of exertion
needed to push and pull with nothing to reduce the friction.

From the Floor. All subjects stated 2 people were needed to carry
out this task with the mechanical lift and the SCAT. One is needed
on each side of the patient to position the patient, maneuver the
device, and watch the patient.

Transport the Patient. All of the subjects indicated 2 were needed
for this task using the SCAT. Four of the 7 stated 2 people were
needed for transporting with the stretcher; the other 3 subjects
indicated 3 were needed for transporting with the stretcher so one
could maneuver the IV pole and the other 2 could maneuver the
stretcher.

Differences Between Groups and Raters

Differences between the two groups of subjects. were examined with
a t-test. Many significant differences were found. Results for
each task are reported in Appendix E. For totals of perceived
exertion, the groups were not significantly different on four
devices: Friction ReducerII, SCAT for transfer from the bed,
stretcher and SCAT for transport. With the draw sheet, Friction
ReducerI, the mechanical 1ift, and the SCAT for transfer from the
floor, Group 2 reported higher perceived exertion than Group 1.
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When being transferred from the floor, the "patients" indicated
they were less comfortable in the mechanical 1lift than the SCAT.
The "patients" indicated in their comments that they were less
comfortable because the sling used with the mechanical 1lift did not
have a head support; therefore, they had to support their own heads
until they were lifted from the supine position on the floor into
the recumbent sitting position for the transfer. They did,
however, feel as secure in the mechanical 1ift transfer as they did
in the SCAT.

The "patients" felt as comfortable and as secure in the stretcher
as compared to the SCAT for transporting from one location to
another location.

Time (in seconds) to make the transfer/transport

Time obviously is an important factor to consider when carrying out
patient care activities. When transferring from the bed, the SCAT
took significantly more time than the other three devices.
However, this can be somewhat misleading when one considers that
the subjects indicated they needed an average of 3 people to
transfer with the draw sheet but only needed and average of 1.8
people to transfer with the SCAT. The extra time needed to find
and use 3 persons for the draw sheet transfer may actually take
more time than transferring with the SCAT.

Also, the extra time needed for the SCAT may not so important when
one considers the subjects indicated less exertion when comparing
the SCAT with the draw sheet or the friction reducers. Also
"patients" are more comfortable and feel more secure when the SCAT
is used versus use of the draw sheet and friction reducers which
take less time.

Additional Factors

The task of weighing the "patient" was not studied in this project.
However, weighing can be done at the same time as when transferring
the "patient" when using the SCAT. Therefore, an additional
transfer to a weighing device can be eliminated through use of the

SCAT.

The SCAT is versatile in that it can be used for all the tasks
studied in this project. This is not true for the other assistive
devices studied.
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CONCLUSION

The SCAT was an effective device to use for transferring "patients"
from the bed, lifting them from the floor, and transporting them
from one location to another. For many of the transfers it does
take more time but time can be offset by: the lesser amount of
exertion perceived to various body parts by the individuals doing
the transfers, the greater feelings of comfort and security
expressed by the "patients", and the fewer number of people needed
to carry out these transfers.
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Appendix E APPENDIX E-1

Differences between groups on total perceived exertion and total patient ratings for
each device.

Group 1 Group 2 t
n X SD n X SD
Total Perceived Exertion
Transfer from the bed
Draw sheet 36 6.25 4.87 36 14.50 5.89 6.48"
Friction Reducer | 36 6.06 3.11 36 11.27 5.71 4.82*
Friction Reducer Il 36 8.78 B5.05 36 9.86 5.37 0.88
SCAT 31 281 3.07 34 1.79 1.41 1.68
Transfer from the floor
Mechanical lift 32 381 448 32, 631 350 2.59*
SCAT 32 3.56 3.30 32 575 1.82 3.28"
Transport 35 feet
Stretcher 32 331 8.75 32 275 1.44 -0.79
SCAT 32 143 2.33 16 2.06 1.91 0.99
Total Patient Ratings
Transfer from the bed .
Draw sheet 36 242 2.09 36 6.92 2.70 7.91*
Friction Reducer | 36 1.92 225 36 5.08 1.92 6.43"
Friction Reducer Il 36 3.50 2.79 36 5.92 1.78 4.38"
SCAT St EF XaAT 34 3.94 1.48 6.58*
Transfer from the floor '
Mechanical lift 32 437 352 32 575 2.29 1.85
SCAT 32 3.06 1.22 32 4.50 1.72 3.86"
Transport 35 feet
Stretcher 32 268 2.09 82 137 1.07 337"
SCAT 32 0.50 0.80 i6 3.12 0.8t 10.65"

*p<.05






















































Table 7 is the Preliminary Hazard List. It indicates which analysis led to identification of the
hazard in the first column (77ials refers to the trials by nursing students). A hazard identification
number is in the second column. The third column contains a description of the hazard.

Hazard Control Precedence Sequence

Each hazard listed in Table 7 appears to be controllable. Table 8 lists the hazards and indicates
the method of control using code numbers as follows:

1. Design to eliminate or minimize hazard
2. Provide safety mechanisms

3. Provide warning mechanisms

4. Control with labeling and training

5. Accept remaining hazards

Comments are included in the right column of Table 8. For those hazards with a 1 code for
control method, comments are intended for the designers of the production model. Some of these
comments are quite general, others are more specific. All comments assume the designers are
qualified engineers capable of appreciating the engineering concerns and finding appropriate
solutions.

For the components that support the hammock and patient, specific design loads are not included
in Table 8. These can be determined during Phase II. This will involve considerations of the
heaviest patient to design for, and the cost of components. Two points can be made at this time.
One is that each link in the chain of support (e.g., cable, cable connections, U-loops and eye-
bolts of hoist frame, caribiner, and U-loops of hammock) is equally critical. There is no sense
having the cable and caribiner rated for 1000 Ib-force if the cable connection to the hoist frame is
only good to 400 Ib. The weakest link is the critical link. The second point is that approximately
2/3 of a patient’s weight will be on the head end of the hammock. This is due to the distribution
of body weight being concentrated in the torso. Thus, designers may want to consider using
stronger components for the head end than for the foot end.

Several hazards in Table 8 have a 4 code for control method. These will be important during
Phase II, when the training programs for nurses will be developed, and when an operating
manual will be prepared.

The list of hazards is intended to be comprehensive for the risk of dropping a patient. Not
considered during this Phase I analysis are: maintenance operations, routine battery changing and
charging operations, and uses of the device for any tasks other than the three performed by the
nursing students, The Fault Tree Analysis indicated that one possible way a patient could be
dropped would be if the entire SCAT!™ tipped over. This was not considered in Phase I.

15












Summary and Conclusions

The systems safety analyses reported here were performed during a Phase I grant from NIOSH.
The Phase I grant applications stated that the system safety evaluation will demonstrate the
feasibility of applying systems safety methods to identify, and design out, significant product
risks before production and marketing. Four systems safety methods were used.

The Fault Tree Analysis demonstrated a systems safety method for identifying events that could
cause an identified undesirable event. For this demonstration, the undesired event was a patient
being dropped from the hammock.

Hazards due to component failures were identified using Failure Mode and Effects Analysis. Like

the Fault Tree Analysis. this analysis was limited to the components that hold the hammock and
keep the patient from falling. The plan is to extend this analysis to other components during
Phase II.

Hazards that may be encountered while using the SCAT!™ were identified by using Hazard
Analysis. This analysis made use of observations of nursing students using the device to perform
three patient handling tasks. Discussion with the nursing students also provided valuable
information.

Methods to address hazards made use of the Hazard Control Precedence Sequence. This method
helped identify several hazards that are adequately controlled with the design of the prototype
device. Other hazards were identified that need to be addressed during design of the production
model. Several hazards were found that will need to be included in the operating manual and in

the training program for nurses.
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