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ABSTRACT

Zow back pain in nursing personnel is a common and well
documented event that is associated with a variety of their
Wwork activities. ©One of the more commonly implicated
activities is patient/resident handling. In brief, the
problem 1s that the loads zhey handle {(people) are heavy,
they move unpredictably, zand the nursing personnel cannot
drop tThe load if it gets cut of contreol. This leads to both
cversxertion and sudden movement induced back injuries. One
recc*“ended control measurs for this problem is the use of a

draend
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This shudy, which was concucted in a laboratory,
investigated the pbilomechanical loading associated with the
Tradizional manual and mechanical device methods of
patisnt/resident handling. The study also investigated the
psycrhophysical responses ¢I the nursing personnel to the
different handling methods. Finally, the laboratory porticn
of the research studied the biomechanical and psychophysical
aspects of using the traditional drawsheet and a mechanical
methcd of raising a person up in bed.

The research also included a field study in which some
of tha2 mechanical devices were placed in a nursing home for

“our months IZzr evaluation py the home’s nursing personnel.
zased c¢n tThe literaturs and intzrviews with nursing
rerscnnel, meoving a person from bed o chair was selected as

e rssearch zask. Two elderly female adults were used as
simulated patients/residerts, and nine people currently
emplcred as nursing assistants in nursing homes were used as
zbjects who performed the resident handling work. Ten
commercially available mechanical devices, (five sling
_if+t=, four stand-up lifts, and a sliding board)! were
avaluzted. All of the par:Lcipating nursing personnel were
~rainzd by representatives 2f the devices’ manuiacturer
oricr to their use of a device. Bicmechanical loading was
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determined using fcrce platfeorms, a motion analysis system,
and a ccmputerized biomechanical model. Psychophysical
response was determined using interviews and likert scale
based guestionnaires. The field study evaluation was based
on interviews with the nursing personnel and observation af
the nursing personnel using the devices.

The results revealed that the use of the mechanical
lifting devices eliminated more than half of the lifting
exposure, and reduced the magnitude of biomechanical loading
during times of lifting exposure. They also showed that the
nursing personnel perceived the use of the devices to be
less stressful than the traditional manual methods of
patient/resident handling.

The cilot study results showed a reducticn in low back

w4

pain complaints, a reduction in the work related fatigque
experiencsed by the nursing personnel, and a general
acceptance of the devices by the nursing personnel, and by
the nursing home residents and management.
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INTRODUCTION

There were 630,000 lost workday back injuries in the United
States in 1879 (Jensen, 1990b) and approximately 19 percent of all
workers' compensation claims are ccded as back sprains or strains
(Klein et al., 1984). The financlal cost of back injuriés is
estimzted to be billions of dollars each year (Brigham and Harris,
1990}, These figures explain why the National Institute for
Occurzational Safety and Health (NIOSH) ranked work-related
muscu_ocskeletal injuries and illnesses seccend on the list of
leadinz occupational injury and illness croblem areas in the United
States (Millar, 1988).

Zomparisons cof back injury rates from workers' compensation
data rznked nursing aides and garbage ccllectors first or second in
each s:zate (Jensen, 1987). Other studies have shown that nursing
professionals hnhave both a high prevalence rate of back pain

{Bier_ng-Sorensen, 1985) and a high incidence rate of workers'

compernsation <claims £for back injuriss (Klein et al., 1984;

Serscnizk, 1990). The Bureau of Labor Statistics reported that in
2387, ~ursing zand personal care employees had an average injury
rate 2 132.9 injuries per 100 full-time =mployees (Bureau cf Labor
Statiszics, 1989).

Zztient-handling tasks have been Identified to be the main

cause -7 back injury to nursing personnel (Bell et al., 1873; Owen,
1987 . The stresses that are associated with these handling tasks
are rrzsumed t2 be the cause of the injuries. The purpcse of this
study was to =2valuate a number of methods of performing two
resizzsnt-handling tasks: (transferring residents from Zzed to a



chair and 1lifting residents up in bed) to determine their

comparative stress levels.

LITERATURE SUMMARY

Health care personnel have been the subject of considerable
accident/injury research (Jensen et al., 1989; Owen, 1989a:
Mostardi et al., 1989; Videman, 1989; Jensen, 1990a; Personick.
1990) . Klein (1984) found that nurse's aides and licensed practical
nurses ranked £ifth and ninth in the top nine occupations with the
largest ratio of claims for back sprains or strains. Cust (1972)
compared female nurses with female teachers and found that low back
pain (LBP) which started at work or was perceived to ke because of
work was significantly more frequent in nurses (19.9 percent) than
in teachers (12.8). Harber et al. (1985) compared professional and
licensed practical nurses with unit coordinators/clerks in a
hospital and found that 52 percent of the nursing personnel and 20
percent of the unit coordinators had experienced LBP within the
past year.

According to & survey of 3912 nurses by Stubbs et al. in 1983,
43 percent of the nursing population in England and Wales suffered
back pain at least cnce a year. Stubbs also estimated that 40,000
nurses in the British National Health System (BNHS) suffered from
back pain each year and over three quarters of a million working
days were lost annually from back pain.

Owen (198%a) reported that 38 percent of her random sample of
503 nurses had experienced at least one incidence of occupational
low back pain or injury. ©Nearly 20 percent c¢f these nurses had

made at least one transfer to a different unit, position, or



employment setting because of LBP.

Back pain experienced by nursing personnel is greater than
published statistics indicate (Owen, 1989%a). The reasons are that
the magnitude of the LBP is often estimated from the workers'
compensation data cr incident report data and it is noted that many
nursing personnei do not report their LBP. For instance, 66
percent of the nurses who stated they had occupational LBP never
filed any incident report (Owen, 1989a).

The direct costs of work-related low back pain among U.S.
employees for 198¢ was estimated at $11.1 billion (Liberty Mutual
Ins, Webster, 13%0). The mean cost per claim was $6807 and the
median cost was $331. Zack injuries alone account for 32 percent of
cempensable injuries and 42 percent of compensation costs.

Lifting has, perhaps incorrectly, been identified as the prime
cause of back pain. Unfortunately, in many cases, lifting is not
a well defined :zsk, and health care is one of these cases.

Patient-handiing tasks often involve asymmetric lifting, two
perscn lifts, twisting motions, and sudden movements. Some people
have researched zhese difficulties in lifting, but to date, no

guidelines have Zzesen established to incorporate all aspects of

lifting tasks ({(Yates & Karwowski, 1987; Jriet & Dutta, 1989;
Johnson & Lewis, 2389). NIOSH's work practices guide and Snook's
psychophysical l1:iZting guidelines have probably helped reduce the

incidence of =zack injuries in  general industries, but
unfortunately, the tasks performed in a hospital or nursing home
are highly variarlz, nct standardized, and pcoorly modeled by the
guidelines.

Control stratszies in any industry include emplcyee selection,

training, and job Za2sign. Within health care settings, the focus

3



Zor corrective action has been on training. The previously cited
statistics speak to the ineffectiveness of this approach. This
“eaves us with job design based on ergonomic principiss as the best
contzcl strategy. This is true 1in most work settings, and
carticularly so in health care. Ultimately, 1f cur goal is to
zontrol musculoskeletal injuries and illnesses, we nave tc reduce
ceople’s exposure to the conditions and situations wnich are known
o cause injuries and illnesses. In the case <f health care
cerscnnel, this can be done by eliminating as many patient/resident

-—— 4

nandling activities as pocssible. One way of doing that is with the

[

se ¢f assistive devices which 1ift and carry pecple, and this
studv evaluated a number of commercially availzble assistive
devices to determine their effect on physical stress, their

accertability, and their general design utility.

METHODOLOGY

This section describes the experimental procecdures which were
2sed to accomplish this research. Tasks to be pericrmed in this
study were selected based on a literature review and zn analysis of

iniury records from two nursing homes.

The literature suggests Thatl maneuvering residents in bed was

~he most frequently cause of back pain. The physiczl actions of
Lifting, pulling, or sliding a resident up in bea was the most
diffizult maneuvering action. Other problems cited were

-ransferring a resident from tcilet to wheelchair, wheelchair to

=, chair to bed, and transferring the resicdent from bed to

The injury records reviewed at the nursing home Indicated that



most injuries were due to transierring residents from one place to
another (bed to/from wheelchair and wheelchair to/from toilet) and
lifting resident up in bed.

The following two tasks were selected for this laboratory
study: 1) 1lifting residents up in bed:; and 2) <transferring
residents from bed to chair. The task of transferring & resident
from bed to chair was standardized in this study and defined as
transferring a resident from a supine position in the bed to an
upright position in a chair. Table 1 summarizes the tasks and

assistive devices used in the study.

Table 1 Tasks and Methods of Performing Them
Task Cne - Transferring Task Two - Lifting
Residents Bed to Chair Residents up in Bed
Baseline Method Baseline Method
(2-person no device (2-person drawsheet)
Waling Belt (2 person) Magic Sheet

Basket-sling Lift #1

Basket-sling Lift #2

Basket-sling Lift 43

Basket-sling Lift #4

T

Fh

t-\

Qverhezad

Stand-up Lift #1

Stand-up Lift #2

Stand-up Lift #3

Stand-up Lift #4

Slidinz Board




A review cf the literature relating to assistive devices for
use with these resident-handling tasks indicates that a limited
number of devicass are available and are limited to the following:
hoists, sliding boards, belts, slings, and turntables (Cwen, 1988
Garg, 1990; 3ell, 1984; Lloyd et al., 1287). A questionnaire
administered <z nursing personnel showed that the most frequéntly
used devices were gait belts, bathtub lifts, hoists, and lift
sheets (Owen, -989b). According to the literature, 85 percent of
patient transiers in nursing homes were being performed manually
(Bell et al., 1%979). The reasons nurses gave for not using lifting
assistive devices are as follows: too time consuming, lack of staff
knowledge zand szsxperience, 1nadequate staffing, and lack of
availability {Owen & Garg, 1990). Bell (19284) found nursing
personnel reluctant to use assistive devices because they did not
understand hcw —o use them.

The cricseria for selecting assistive devices evaluated in this
study were: 1. the product was designed for commercial use rather
than for home use; 2} lifting devices could pe lowered to 1lift
residents frcm the floor in a seated or lying position; 3) lifting
devices could zes equipped with scales to weigh totally dependent
residents; and 4) 1lifting devices were not prone to tlpplng over
while transpcriing residents in previous laboratory evaluations.
Assistive devices evaluated by other researchers were not selected
for further :tzsting in this study.

The assistive davices selected for this study are described below.

ASSISTIVE DEVICES

The walxinz belt is a four inch wide kelt that 1s wrapped



around the resident's abdomen-hip area. It provides handles for
nursing assistants to crasp during a transfer. An early model cof
the walking belt was evaluated by Garg and cclleagues (1991la,
1991b) and as a resuit of that study, the manufacturer added
ergonomically designed nhandles and an adjustable strap to provide
a better fit and to prevent the belt from riding up on & resident's
back. This new model [Figure 1) was evaluated in this study.

The basket~-sling _ift is battery powered and quite mobile.

The resident is placed in the sling, centered over the sling base,
and gently raised. A scale is integrated into some designs so that

residents can be welghed while they are suspended in the sling.

10

This type of lift is dZesigned for both teotally and partially
dependent residents. Four brands o¢f this type of Llift were

evaluated. Figures 2 2o 5.

Figure 1 Walking Belt



Figure 2  Basket-sling Lift #5

3

Figure : Basket-sling Lift #6
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Figure 4 Basket-sling Lift #7

Figure S Basket-sling Lift #8
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The gverhe=zd 1ift is a basket-sling type of 1lift that is
attached to a cs:iling-mounted track and is battery powered. It is
designed for beoth totally and partially dependent residents. One
model of this type of lift (Figure 6) was tested.

The standuz 1ift 1s similar to a basket-sling lift. The
resident places ~is/her feet on a foot-plate, bends the knees, and
rests them against a soft knee-pad support. A belt-sling is placed
under the arms and around the resident's back to suppcrt him/her in
a near standing zosition. This type of 1ift is only designed for

partially dependsnt residents. Four brands of this type of 1lift

were evaluated. Zigures 7 to 10.

Tigure & Overhead Basket-sling Lift #9

10



7 Stand-up Lift #1
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gure 8 Stand-ur
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Figure 9% Stand-up Lift #3

Figure 10 Stand-up Lift #4
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The siiding board tested in this study was 40 inches long and
12 inches wide with a one-half-inch thick seat which slides on a
one inch thick board. The unit weighs 6.5 pounds. This sliding
poard (Figure 1l1) 1is a somewhat different way to accomplish
transizsrs t¢ and from wheelchair, bed, aute, commode, atc., with
ease and dignity.

The Magic Sheet is an assistive device for lifting residents

up in bed. It 1is made of Gortex, and weighs 30 pounds. The Magic
Sheet Is adaptable to most hospital beds, and allows one person to
move a patient up and down in bed. The Magic Sheet is illustrated
in Figure 1Z.

The commonly used manual methods were selected to serve as a
comparaztive baseline for the other methods manual transfer cf
residents from bed to chair (Figure 13) and the drawsheet method of

lifting residents up in bed (Figure 14).

13



Figure 11 Sliding Board

Figure 12 Magic Sheet
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Subjects

There were two types c<f subjects in this study: nursing
assistants and residents. Each nursing assistant performed all
resident-handling methods c¢n all residents, thus zllowing the
estimation of inter-nursing assistant variation.

Nine nursing assistants {two males and seven Zsmales) were
recruited from local nursing homes. The following criteria were
used to select the nursing assistants:

1) performance of resident-handling tasks as part of their

work activity;

o

willingness to learn how to use the resident-
transferring devices;

3) lack of back injury or pain within the last year, or
chronic episcdic back pain that had been experienced
within the last three years;

4) passing cof a medical screening exam

The nursing assistants' mean age, height, and Sody weight

wera 15.8 years (range = 20 - 69 years), 168 cm (157 - 183 cm) and
“C.2 xg (45.5 - 132.3 kg), zesrectively. Their mean zxperience as
& nursing assistant was 33.2 months (2 - 71 months).

The "Consent toc Voluntarily Participate in a Research Study”

forms and fact sheets were explzined tc the nursing assistants and
residents who were then asked 2 sign a consent form. They were

vermitted to stop participatizcn in the study at any time without

Two elderly female volunteers agreed to serve zs residents

cr the study. Females were used because they are the most common

16



residents c¢I nursing homes and conversations with nursing home
perscnnel :Indicated females were generally more difficult =o
transfer. =Zlderly subjects were selected because the residents in
nursing hemes are generally clder than the general peopulation.
Their percsption o¢f the comfort and security provided by the
assistive devices 1is probably different from that of younger
pecple. A medical screening exam was conducted to insure that the
residents were healthy in both mind and body.

One resident was 51 years old, 152 cm tall and weighed 58.2
kg. The other resident was 67 years old, 160 cm tall and weighed
77.3 kg.

This szction briefly describes how the two resident-handling
tasks were cerformed by the nursing assistants with the methods

selected for this study.

Transferring Residents from Bed to Chair

Handling Tasks. In this study, the bed to chair transfers were
classified Into six categories: baseline (no device), walking
belt, basket-sling lift, overhead 1lift, stand-up lift, and sliding
poard. The residents were instructed to be passive at all times

nsfer.

1Y

during a tr

Baseline Metnod. The baseline manual transfer method reguired two
nursing assistants. First the nursing assistants adjusted the
height of the bed to the level they perceived to be the most
appreoriate ~eight for them to perform the tasx. This height was
recorded fcr each assistant and used throughcut the study. The

resident was then raised to a near sitting zosition using

17



adjustable porzion of the bed. Both nursing assistants were on
the same side < the bed. The assistant nearest the head of the
bed placed hiss/her right arm around the resident's shoulders and
grasped the ressident's upper arm with the left arm. The other
nursing assistant placed both arms under the resident's knees. On
the count of three, the resident was rotated slowly and smoothly
toward the side of the bed to assume a sitting position on the
edge, If the rezsident's feet did not reach the floor, the bed was
lowered. Eacr nursing assistant then stcod in front of and to
either side c¢I the resident. The assistants' outer hands were
positicned to the side and back of the resident, while their inner
hands were placsed under the axilla (armpit} of the resident. On
the count of =hree, both assistants helped the resident to 2
standing position, and then helped the resident move until the
chairfront touched the back of the resident's legs. Finally, the

nursing assistants lowered the resident into the chair.

Walking Belt. The walking belt also required two nursing
assistants. Tirst, they assisted the resident to a sitting
position in the same manner as the baseline method. The nursing
assistants cnen snugly Zfastened the walxing belt around the
resident's lcwer abdomen-hip area. Each nursing assistant graspead
one handle with their inner hands. In synchrony, the resident was
rocked back and forth and, on the count of three, pulled the
resident to a standing position. When the resident was stabilized
in a standing positieon, one nursing assistant instructed the
resident to pivot her feet and back up tc the seat of the chair.

The nursing assistants likewise moved their Zeet to avoid twisting

their backs. 7“hile still grasping the mandles of the belt, the

18



nursing assistants lcwered the resident into the chair. They then

removed the walking rcelt.

Basket-sling and Overnead Lift. The first activity of the basket-
sling and overhead 1ift transfer methods regquired one nursing
assistant to roll the residents (in the bed) on their side, fold
the sling in half, and place it behind the resident's back. The
resident was rolled tack onto the sling and over slightly in the
opposite direction tec bring out the folded part of the sling. The
nursing assistant <then moved the 1ift next to the bed and
connected the shoulder straps of the sling to the lift. The leg
vieces were brought under the thighs and connected to the lift.
The resident was liftad and positioned for transfer, moved over
the chair, lowered irto it, and then pulled back into the chair.
When the resident's bedy weight was fully supported by the chair,
the sling straps were disconnected and the lift pushed away. The
sling was then removed from under the resident.

For the stand-up 1:7t, the nursing assistant first raised the
upper body of the resident, to a near sitting pesition. Next, the
nursing assistant placed the arm nearest the head of the bed
around the resident's shoulders zand the other arm under the
resident's knees. The resident was then rotated slowly and
smoothly toward the side of the bed until a sitting position was
assumed on the edge =I the bed. The stand-up 1ift was then
crought up to the resident, the resident's feet were positiocned on
—he footrest, and the trakes applisd. The sling was then placed
around the resident's &tack, and straps were attached to the
support arms on the lLiIt's Lrame. A safety strap was used to

assist in supperting the resident in the sling during the lifting

12



procedure. The device’s support arms were raised to elevate the
resicdent to a near standing position, with their feet supported
cn the footrest and their xnees by the padded knee brace. The
nursing assistant then released the brakes and transferred the
residsnt to the chair. The legs of the stand-up lift were opened
to Iiz around the chair. The resident was lowered into the chair
and gulled back into the seat in a seated position. The nursing

assistant then released the safety strap, unhooked the sling, and

moved the 1lift away from the resident.

lig¢ing Board. The sliding board was used by assisting the

93]

resident to a sitting position on the side of the bed as
previcusly described. The nursing assistant placed a walking belt
snugly around lower abdomen/hips of the resident, leaned the
residant as far as possible o the side cpposite of that cn which
the transfer is to be made, the lead l=g was lifted and crossed

over The trailing leg, and the seat was placed under the resident.

-

1

Usirng a countdown such as "1-2-3 GO", the nursing assistant simply

=2

glicez the resident slowly across the board. The resident

3

ismed with her back against the back of the chair. The board

Kty

4

3

was zTnen pulled out from under the resident.

Drawsazet/Magic Sheet. The nursing assistants used the drawsheet
by rz_..ing each side of the drawsheet close to the resident's body
and srabbing the rolled edges of the drawsheet. The resident was
askeZ —o flex the knees and trace her feet firmly on the zed. On
the zzunt of three, both assistants liftad and slid the zesident

towar® the head of bed.

wnen using the magic sheet, one nursing assistant turns the

20



crank handle which moves the sheet and resident up in bed.

EVALUATIONS

Equipment Evaluation. The equipment was evaluated based on
ergonomic criteria. Both cbjective (biomechanical) and subjective
(psycnopnhysical) evaluations were used. They were perforhed as

described below.

Objective Evaluations. The compressive force on the L5/S1 disc of
the nursing assistants was estimated using the 3D Static Strength
Predicticn Program™ (The University of Michigan, 1993).

The pody posture and angle input data were estimated using a
three-dimensional video motion analysis system, Peak® Performance
System (Peak Performance Techneclogies Inc., 1992). The nursing
assistants' hand forces (lifting, pushing, and pulling) were
measured using two force platforms. The hand force direction was
determined from the xyz force vectors measured by the force
platform.

Subjective EZvaluations. The nursing assistants' ratings cI
perceived exertion on the lower back, upper back, shoulder, and
whole rcdy were determined using the Borg scale. The ease of
using each method was determined with a five-point Likert scale.
The nursing assistants' preference of methods was obtained by
asking the assistants to rank the methcds from the most preferred
method <o the least preferred methed. Functional outcome

measures, such as task performance and nursing assistant work

time, were determined from the videc tapes.

21



Issues rzlating to the safety and comfort of the residents
were assessed subjectively by having each resident rate each
method/nursing assistant/resident weight combination on a 5 point

Likert scale.

Laboratory Faci1litcy. The layout cf the laboratory facility is
shown in Figure 13. This figure shows the location of the key
equipment such as -he camera, the bed, the force plates, the

computer, etc.

Instructions tz Supiects. Nursing assistants were instructed in
the preoper use c¢rf the assistive devices py the manufacturers'
representatives. This allowed the representatives to fully explain
all the features of their devices to the nursing assistants., It
also assured that the representatives ceoculd train the assistants
to use their oproducts 1in the manner suggested by the
manufacturers. T> reinforce the 1initial training, further
training was orovidad by review of the manufacturer's written
instructions and video tapes. Prior to performing each transfer,
the nursing assistants were asked to practice the techniques, with
feedback from the rssearchers, until both the researchers and th

nursing perscnnel were satisfied that transfers were done as

directed by the manufacturers.

Objective Evaluaticns. Objective data include the hand forces
associated with mancsuvering lift devices, pulling/lifting force
associated with the casket-sling lift, force platform data, video

tapes for resident-randling activities, and bed height.

22
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23

COMPUTER




Lift Device Movement Hand Forces. During practice fime, nursing
assistants were asked to stand on a force platform and push and
turn each lift device with a resicent in the sling. This activity
was used o2 quantify the maneuvering forces required by each lift
device. OCne trial was undertaken Zor each combination of nursing

assistant, resident, and lift device.

Basket Sling Lift Pull/Lift Forces. The nursing assistants needed
to pull a handle on the back of the slings of the basket-sling

1ift to seat the resident in an upright position in the chair.

Tl]

bt

gure ¢ 1llustrates this pulling activity. During practice
time, the nursing assistants were also asked to stand on a force
platform and pull a handle on lifts equipped with them to lower

and seat the resident in an upright position in the chair.

Figure 16 Pulling a Handle on the Sling to
Situate the Resident in an Upright Position
in the Chair

24



This activity was used to quantify the 1lifting forces
reguired by the basket-sling lift device. One trial was collected
for each compination of nursing assistant, resident, and basket-

sling lift.

Resident Handling Biomechanical Data. When the nursing assistants
were ready to perform the resident-handling tasks, markers were
placed on them. The subjects were then asked to adjust the height
of the bed tc the level they perceived to be the most appropriate
for them iz verrorming the resident-handling tasks. The bed
height was electrically adjusted. Then they were asked to perform
each techniqgue.

The resident-handling activities were videotaped with four
cameras. Each nursing assistant stocd on a force platform, which
was synchronized with the videc taping. For the baseline transfer
method, force platform data and video tapes were collected when
the resident was rotated to a sitting position on the edge of the

bed (activity #1) (see Figure 13) and then lifted to a standing

position (activity #2) (see Figure 17).

Figure 17 Helping the Resident to
a Standing Position
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For the walking belt, the same biomechanical data (force
plate and video tape) were ccllected when the resident was rotated
to a sitting positicn on the edge cf the bed (activity #1) and
then pulled tc a standing position (activity #2) (see Figure 18).

For the casket-sling and overhead lifts, biomechanical data
were recorded when nursing assistant rolled a resident on her side
in the bed (activity #1). This activity is illustrated in Figure
19. Biomechanical data for the stand-up lift and =sliding board
were collected when the resident was rotated te a sitting positicn
on the edge of the kbed (activity #1). This activity is shown in
Figure 20.

Two replicaticns were recorded for each of the above
activities associated with transferring residents from bed ta

chair.

For the zask of lifting residents up in bed, biomechanical
data were recorded cnly for the drawsheet technique. Force
platform data and video tapes were collected when the resident was
lifted up in bed (see Figure 14). Two replications were collected

for lifting residents up in bed as well.

Biomechanical measures of physical demands of resident-
handling tasks were then calculated using the University cf

Michigan biomechnanical model.
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Figure 18 Pulling the Resident to a Standing
Position with the Walking Belt
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Figure 19 Turning the Resident toward the Assistant
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Figure 20 Rotating the resident to a sitting position

On the edge of the bed by one assistant
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Preference. BRBed heights preferred by the nursing assistants for
completing resident-nandling tasks were measured. Task performance
and nursing assistant work times £for the resident-handling tasks
(for each of the appropriate assistive devices) were determined

from the videc tapes.

Subjective Data Collzaction. After completing each task, the
nursing assistants wers asked to rate the exertion/stress felt for
their shoulders, upper backs, lower backs, and whole body using the
Borg scale. When using the RPE scale, the subjects were asked to
state, "In general, n~ow hard the specific task feels in terms of
physical difficulty."” They were also asked to rate "how easy each
handling method was o perform" on a five-point Likert scale
(O=extremely easy and Z=extremely difficult). They were also asked
for any other comments they had about each resident-handling
technique. After nursing assistants had performed all cof the
transfer techniques c<n both residents, they were asked to rank
their preference of <rns methods.

The residents were asked to rate how comfcrtable and how
secure they felt whils being transferred on a five-point Likert
scale {O=extremely ccmiortable and ZI=extremely uncomfortable;
O=extremely secure ard 3=extremely insecure). They were also asked

for any comments thev had about each resident-handling technique.

STATISTICAL DESIGN
Methods of resizZent transfer were treated as & main factor in
this study. Residen:z weight was also considered as a main factor,

but it was confounded with resident participant.
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The subjective and objective data were collectéd on a sample
of nine nursing assistants. Two replications of biomechanical data
were recorded. Only one trial of psychophysical data was
collected. The nine nursing assistants were organized inte five
zairs. The fifth pair was formed with the ninth nursing assistant
and cne of the first eight. They performed each task using the
selected methods specified for that task on each resident. The
task presentation corder was randomized for each resident/nursing
assistant combination in each test session. This design yielded an
a ¥ b x ¢ (a=number of nursing assistants, b=number of
resicdents/weight levels, and c=number of methods) split-plot design
With one replication at ecach factor level combinaticn for the
supjective rating data (two replications for the biomechanical
data). The structure of this design is illustrated in Figure 21.

The linear model for the split-plot design is:
Yooy = RETHB; + (TB) s + v + (Ty)ie + (BY)se + (TBY) i * €ugen

whers I=1,...,a; j=1,...,b; k=1,...,c; 1=1,...,n; 1., B., and (1B)
rgprzsent the whole plot and correspond respectively to blocks

fzczor 8), main treatments (facter W), and whole plot zrror (SW):;
wnils v, (tv)i (By).., and (tBy).., represent the subplot and
zorrzspond respectively to the subplot treatment (factcr M), the =M
and WARREN R. MYERS interactions, and the subplot error; and €,
reprzsents the random errors. Sums of squares for these factors
re computed as in the <three-way analysis oI variance.
licmschanical data were analyzed with the above linear model.
>svzhophysical data were analyzed with the same model without the

vandsom error term.
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Figure 21 Illustration of a Split-Plot Design (NA=Nursing

Assistant,

R=Resident,
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Analysis o¢I variance was performed on both subjective and
objective data for each task. Table 2 cutlines the ANOVA table for
the bicmechanical data with 12 methceds for transferring residents
from bed to chair. The number of nursing assistants is nine, i.e..
a=9% and the numcer cf residents/weight levels is two, i.e., b=2.
Thus, the degree of freedom for these two factors are 8 and 1. The
number of repliczations is tweo, 1i.e., n=2. Table 3 outlines the
ANOVA table for the psychophysical data with "c" number of methods
for each task. The different methods of transferring residents are
considered as Ixed factors since these methods are the items of
interest (Montcomery, 1984). The resident weight factor and
nursing assistant blccks are also treated as fixed factors for the
same reason. The expected mean squares for this split-plot design
are derived in Table 4.

Duncan's Multiple Range test (Montgomery, 1984) was performed
to compare means and detect significant differences between the
manual procedure and the other methods. It was also used to
compare and detect significant differences between any two resident
transfer methecds and between the weight levels o©f the two
residents. All c¢I the statistical analyses performed on these data

were done using the Standard Analysis System (SAS).
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Table 2 ANOVA Table for Biomechanical Data

Sources degree of freedom

Whole plot

Nursing Assistants (S) 8
Resident Weight (W) 1
S x W 8
Subplot
Method (M) 6
S x M 48
Wx M 6
S x W=xM 48
Errors 102
Total 227

Table 3 ANOVA Table for Psychophysical Data

Sources degree of freedem
Whole plot

Nursing Assistants (S) 8

Resident Weight (W) 1

S x W 8
Subplot

Metheod (M) {c—-1)

S x M 8(c-1)

W x M (c-1)

S X WzxM 8 (c-1)

Errors ({not estimable)

Total cx 9x 2 -1

Note: The "c¢" value varies with different data sst. For both the
csychophysical stress rating data and the comZcrt and security
fata, "c¢" is equal to 12 for the transferring tzsk and 2 for the
zask of lifting residents up in bed.
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Table 4 Expected Mean Square Derivation for Lhe Split-Plot Design

a b
E F
Factors L j Expected Mean Square
Whole plot
1, (S) 0 b o’ + bck1 */(a-1)
B, (W) d 0 0! + ackB,’/ (b-1)
(LR),;, (SW) 0 0 o + cXL(1p)*,,/[(a-1) (b-1)]
Subplot
v, (M) a b o? + abXy,?/(c-1)
(1Y), (SM) 0 b o? + bLY (1y)?,/[(a-1) (c-1)]
(BY);x (WARREN R. MYERS) 0 1 of + aXX (Py)%,/ [ (b-1) (c-1)]
(tBY}ij;, (SWM) 0 0 o + XXX (1By)%,/[(a-1) (b-1) (c~1)]
€1 (BErrors) 0 0 o

(not estimable for subjective data)




RESULTS

The results of this research are summarized in this section.
The results are divided into two sections, one for the
biomechanical analyses and one for the psychecphysical analyses.
The results consistently demonstrate that the use of assistive
devices results in a raducticon in the total £force requifed to
complete a resident 1ift, and the perceived effecrt required to

complete a resident lift.

BIOMECHANICAIL ANALYSES

The bicmechanical model input parameters were trunk flexicn
angle, trunk iateral bending angle, trunk rotation angle, and hand
force magnitude. Nursing assistant specific anthropometric data
were used as biomechanical model input model. Output was back
compressive <force and percentage of population capable cf
performing the task. Three percentages, based on torso strengtk,
hip flexor/extensor strength, and the minimum of all body Jjoints,
are reported,.

The bilomechanical model input data were measured during the
research. 3cdy joint anglie data were obtained Zrom the video tapes
using the motion analysis system. Hand force data were obtained
from the force platforms and anthrcpometric data were obtained by
measuring the subjects in the laboratcry.

The input data were summarized by transfer method in Table 3
using group data for all nursing assistants and both residents.
The mean, standard deviation, and range for trunk flexion angls,
trunk laterzl sending angle, trunk rotation angle, and the nursing

assistants' ~and forces are presented in the table. The
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significant findings about these input parameters are described
below.

Trunk Flexicn Angle - The largest mean trunk flexion angle
(52°) occurred during activity #2 when the nursing assistants were
using the baseline method to help the residents to a standing
position. The seccnd largest mean trunk flexion angle (50°) also
occurred during activity #2 when the nursing assistants used the
walking belt to pull the residents to a standing position. These
two means (52° and 50°) were significantly larger than the mean
trunk flexion angles fcor other methods and were not significantly
different from each other. The smallest mean trunk flexion angle
(35°) was associated with rolling the residents toward the nursing
assistants {activity #1).

Trunk Rotation Angle - The largest mean trunk rotation angle
of 20° occurred when a single nursing assistant rotated the
residents to the edge of the bed while preparing them for transfer
with the stand-up 1ift or sliding board. The mean angle during
this activity was significantly larger than the mean trunk rotation

angles zssociated with other transfer methods.

r mean trunk latersl

n

Trunk _Zzteral 2ending Angle - The largs
bending angle (21°) cccurred as a nursing assistant (working alcne)
rotated & resident to the edge of the zad in preparation Ior
transfer with a stand-up lift or sliding tcard. The smallest and
the seccnd smallest mean trunk lateral bending angles occurred when
the residents were rolled toward the nursing assistants (5°) and
when the residents were rolled away from the assistants (7°).

These two means were significantly smaller than any other mean

trunk laterzl bending angles.
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Zable 5 Input Data Zzr Bigmechanical Analyses of Resident Transfer (Zaoth

Residents)
ACTIVITY #1 - Rotating/Rolliang the Resident to Prepare Icoxr Transfer
Zaseline methead Basket-sling lift Stand-up lift
and and and sliding
walking oel overhead 1lift ooard
{two-person) {one-person) {one-person}
Lifting Lifzing Rolling Relling Rotating
torso legs toward away resident
variables {N=20)" (N=20) {N=36) (N=36) (N=36)
Trunk flexion 43%5° 38£11 35z6 379 42+9
angle (%} 35-50° 20-62 25-50 17-55 26-57
Trunk lateral 12+6 1047 5+£5 715 21%9
zending (°) 4-26 0~-21 0-15 0-15 3-38
Trunk reotaticn 10+5 1227 7+5 9+5 20+10
angle (°) ¢-20 0-2Z 0-20 2-17 1-37
Zand force (N) 139x28 174=42 23121 10223 194+58
§9~173 113~-262 44-120 54-147 58-315
Sroup lebel® C B E D A
ACTIVITY #2 - Helr/Pull the Resigent to a Standing Focsiticn
Baseline Walxing Basket- Overheaa Stand-up 1ift
method belt sling lifts and sliding
Yariables {N=40) (N=40) 1ift® board?
Trunk flexicn 532+11 20%5 NA NA NA
angle (°) 33-7% 29-69
Trunk lateral 1345 2245 NA NA NA
zending (°) 5-24 c=21
Trunk rotation 10%6 1315 NA NA NA
angle {7} 2=-25 z=25
Zand force {N) 128141 11136 NA NA NA
33-209 +8-195
Zroup label! C D

-

Number of observations "a" nursing assistants x 2 residents x 2 replications).
- Mean (43) and standard Zeviat.zn (3) of N observations.
: Range of observations.
Mean hand forces with :thne same group ilabel are not significantly different ‘o >
0.01).
During this activity, zhz nursing assistants used the handset z:zntrol to operate
the liffr devices zo lifz <he resident cut of the bed and lower inte the chair. Mo
significant lifting was involved.
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Zand Force - The largest mean hand force of 194 Newtons (N)
(rarnge = 58 - 315 N} occurred when a single nursing assistant
rotatsd the resident o the edge of the bed in preparation for a
stand-up 1lift or sliding board <transfer. This <force was
sigrnzZicantly greater than the hand forces asscciated with the
other methods. The smallest mean hand force of 83 N (range = 44 -
120 %' occurred when a resident was being rolled toward the nursing

assistants. It was significantly smaller than any other mean hand

(%

forc

The mean hand fcrce was smaller for lifting a resident off of
the zsd (129 N} than the mean hand forces associated with lifting
the rz=zsident's legs (139 N) or torso {174 N} while rotating the
individual. The main reason 1s that the nursing assistants only
helped the resident to a standing position as compared to lifting
the —czal weight of the resident as in a nursing home environment.
In zacadition, although the simulated residents were told to be

passive, they provided some assistance by supporting their own

welgnz. In a nursing nome, there are many residents who cannct do
this, put still must te transferred. It was impossible for the
simu_zted resident n2t to help when the resident was _ifted or

% to a standing ccsition.

W

pull

_n summary, transferring residents from bed to chair with the
stanzi-up lift or sliding board required the most trunk rctation and
trunx _ateral bending. The largest hand force was also associated
with <the preparation for the stand-up 1lift or sliding board
trarsZzr. Rolling a resident in bed and lifting a resicent’'s legs

as =wo nursing assistants rotated the resident to 3 sitting

posizion on the edge of the bed required the most trunk flexion.
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Back Compressive Force. The biomechanical data are summarized by
transfer method in Table 6 using the group data for all nursing
assistants and both residents. The mean, standard deviatiocn, and
range for percentage of population capable of performing the task
and back compressive force are presented. The population
percentage and back compressive force are summarized based on the
nursing assistant specific anthropometric data.

While raising the resident up in bed, the two-person baseline
transfer method resulted in an average back compressive force of
3,487 N (range = 2391 - 48589 N). This mean compressive force
exceeded the action limit (3,400 N) established by the Naticnal
Institute for Cccupatiocnal Safety and Health (NIOSH, 1981, 1991)
and was significantly larger than the mean back compressive forces
generated by all of the other methods except the transfer utilizing
the stand-up 1ift which is a similar activity.

While standing the perscon up, the baseline transfer method
resulted in an average back compressive force of 2,703 N (range =
1641 - 3573 N). The average kack compressive force, while helping
a resident off of the bed, was smallar than the mean back
zcmpressive forces associated with lifting the legs ¢r torso while
rotating the resident. The main reason 1s that <cthe nursing
assistants only helped the resident to a standing position as
compared to lifting the total weight of the res:ident. The
residents could remain passive during the first activity but could
not during the second activity. In practice, it is impossible for

simulated residents not to use their
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Table & Summary c¢I 2icmechanical Measures for Resident Transfer (Both

ACTIVITY #1 - Rotz:tingsRolling the Resident to Prepare for Transfer

Baselins method Basket-sling lift Stand-up lift
and and and sliding
walking zelt overhead iift board
{Two-rearson} {one-perscn} (one-persorn)
Lifting Lifting Rolling Relling Rotating
torso legs toward away resident
Variables (N=2C"- (N=20} IN=36) {N=36) {N=36)
% Capable’ 78z2z° 84£13 8415 87+13 74+19
(Torsc) 26-%zd 53-397 38-97 44-96 41-87
% Capable? 46+37 58+24 64422 72+13 32+25
{Hip) 11-22 12-85 16-91 158-52 4-93
% Capable? i8zxls 53127 56+25 7020 23%25
(Minimum) T 12-85 9-91 19-52 1-93
Compressive 3487zcl4 31504482 23514503 26981582 34541571
force (N)? 2331-4259 2298-4089 2094-4367 1804-4745 2436-4618
Group label® A B C D A
ACTIVITY %2 - Zelp/Pull the ResiZent to a Standing Position
Basel:ine Walking Basket- Overnead Stand-up lift
methcd belt sling 1iftt and sliding
Variables (N=4C" (N=40) lift® board®
% Capable? §5=l2 87+12 NA NA NA
(Torso) 45-27 48-97
% Capable” S$8zis 61£27 NA NA NA
(Hip) T-23 5-90
3 Capable? I0zz: 54x28 NA NA NA
(Minimum) Z=3 5-90
Compressive 27032427 2660=539 NA NA NA
force (N)° 1641-3373 1570-4203
Groun label? - D
! Number of cbservaticns ("a" nursing assiscants x 2 residents x 2
replications).
: Using the speciii: height, ©body weight and gender of the nursing
assistants as mode. Input

v ou

Mean {78) and staniard deviation (22) of N observations.

Mean compressive -:crces with the same group label are not significantly

different (p > 5.210.

During this activi=w, the nursing assistants used the handset contrel to
operata the it z2zvices to li1ft %ne resident out cf the bed and lower
intc the chair. Iz significant lifting was involved.
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-egs to suppcrt themselves as they are pulled o a standing
position, and this reduces the force required tc 1ift them to a
standing position.

While standing the person up, the baseline transfer method
resulted in an average back compressive force of 2,703 N (range =
2641 - 3573 N)}. The average back compressive focrce, while helping
g resident <¢If of the bed, was smaller than <he mean back
compressive forces assoclated with lifting the legs or torso while
rotating the resident. The main reason 1s that the nursing
assistants only helped the resident tc a standing position as
compared to Zifting the total weight of the =resident. The
residents could remaln passive during the first activity but coculd
not during the second activity. 1In practice, it is impossible for
simulated residents not to use their legs to support themselves as
they are pulled to a standing position, and this reduces the force
required to lift them to a standing position.

Back compressive force while using the walking belt was
assentially the same as for the baseline method.

The average back compressive force was 2,951 N (range = 2094 -
+3€7 N) when trne rasident was rolled toward an assistzant and
‘. {range = 1804 - 4745 N) when the resident was zcliled away freom
~he zssistant.

The average back compressive force was 3,454 N ‘range = 2436 -
1518 N) when a single assistant rotated the resident zo the edge of
~he Dped. This mean compressive force also exceeded the NIOSH
zcticon limit /3,400 N) and was statistically larger than the mean
zack compressive forces asscciated with all of the cther activities
2xcept lifting the resident’s torscs.

In summary, the averace back compressive fcorcas assoclated
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with preparing a resident for transfer using the basket-sling 1ift
and overnhead lift were smaller than the forces associated with the
baseline method and the NIOSH recommended action limit. Thus, the
basket-siing and overhead 1ifts can significantly reduce the
biocmechanical loading c¢n the nursing assistants' backs during the
transfer of residents. Also, if the stand-up 1ift 1s used for a
transfer, the lifting during the second phase of the manual lifting
technique (activity #2) can be eliminated and biomechanical loading

on nursing personnel can be reduced.

POPULATION STRENGTH CAPAEILITY

The percentage of the population capable of performing a task
is based on a comparison between the externally induced torque at
a Jjoint and the functional muscle group force available at the
joint. The comparison is reported as the percent capable for that
muscle group. It should be noted that the percent NOT capable {1 -
percent capable) are at risk of musculoskeletal injury due to their
inadequate strength. Three percentages of population capable of

performing the task {(torso strength, hip flexor/extensor strength,

and the minimum of 211 body “oints) were calculated in the
biomechanical analyses. The mean, standard deviation, and range
for percentages are presented in Table 6. Which shows that the
range of population percentages capable was guite wide. This is

primarily due to the individual nursing assistant anthropometry.
Large nursing assistants create large biomechanical loads. This in
turn results in a small percent c-f the populaticn - only the very
strcng - ceing capable ¢f performing the task. A close examination

of =chose observations with small percentages cf the population

f1=8
(V%]



capable also revealed that relatively large hand forces were a

significant factor.

Terso. When +ising the faseline transfer method, the average
percentage oI the populaticn capable of performing the activity of
lifting the :esident;s torso when two nursing assistants rotated
the resident tc a sitting position on the edge of the bed was 78
percent (range = 26% - 95%). The average percentage was 84 percent
(range = 53% - 37%) when 1ifting the legs of the resident when two
nursing assistznts rotateda the resident to a sitting position on
the edge of ths ped.

When roli_ing the rssident, the average percentage o¢f the
population capable was 84 percent (range = 38% - 97%) when the
resident was rclled toward the assistants and 87 percent (range =
44% - 96%) when the resident was rolled away from the assistants.

For the stand-up 1ift, the average percentage of the
pcpulation carzble of rotating a resident to the edge of the bed
was 74 percent (range = <1% - 57%). This average percentage was

significantly smaller than average percentages assocliated with

(h

oTher activitiss.

When using the <caseline transfer method, the average
percentage carzble was 46 percent (range = 11% - 88%). This mean
percentage was significantly smaller than the average percentages

capable with <he other <ransfer methods, except the transfer

utilizing the stand-up 1ift and sliding board. The average
percentage was I8 percent (range = 12% - 35%) for the activity of
lifting the .zgs of the resident when <wo nursing assistants

rotated the resident to a sitting position on the edge of the bed.

percentzge capable was 64 percent (range = 16%

The avera:z

h
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91%) when the resident was rolled toward the assistants and 72
percent {(range = 19% - 92%) when the resident was rolled away from
the assistants.

For the stand-up 1ift, the average percentage of the
populaticon capable of rotating a resident to the edge of the bed
was 32 percent (range = 4% ~ 93%). This average percentage was
significantly smaller than average percentages assoclated with

other activities.

Resident Effect. The bilomechanical data were also analyzed by the
resident and transfer methed to determine the resident effect. The
input data were summarized by the resident using group data for all
nursing assistant and transfer method combinations in Table 7. The
input data were further summarized by method using group data for
all nursing assistants for each resident in Tables 8 and Table 9.

Table 7 shows that there was no significant difference in
trunk Zlexion angle, trunk lateral bending, and trunk rotaticn
angle retween the heavier resident and the lighter resident. The
mean hand force, required to transfer the heavier resident, was
significantly larger than the mean nhand force reguired to transier

the lighter resident with the corresponding transfer method.

- The biomechanical measures based on the nursing assistant
specific anthropometric data are summarized by the resident in
Table 10 using group data for all nursing assistant and transfer
method combinations. The ©obiomechanical measuras are ZIurther
summarized by method using group data for all nursing assistants

for each resident in Tables 11 and 12.

45



Taple 7 Inpur Data by the Z=sident
Heavier ighter
Resident Resident Significant
Varizbles (N=114)" ‘N=114) Diffsrences?
Trunx tlexion 43+11° 44+11 No
anglz (°) 17-69¢ 20-75
Trunk lateral 1218 11+7 Yo
Dencing {°) 0-38 0-34
Trunk rotation 12+8 116 No
zngls (9) 0=-37 J-35
Zand force (N) 146£59% 21440 Yes
44~315 44-231
* Number o¢f observations nursing assistants 2 rgsidents x 2

replications).
Means for the heavier and ths lighter

L)

(p < 0.01).

w

4 Range of Observations.
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Tablie = Input Data for

Resident

Biomechanica

Mgn =

1 2Znalyses for

Transferring Th

Heavier

AZT7IZVITY #1 - Rotating/Rolling the Resident to Prepare for Transfer
Baseline method Basket~sling lift Stand-up iift
and and and sliding
walking pelt overhead 1lift boarcd
{two-person) (one-person) (one-person)
Lifting Lifting Rolling Rolling Rotating
torsc legs toward away resident
Variac.ss (N=10C) {N=10) (N=18} (N=18) {(N=18B)
Trunk =._axion 1454 41£12 3547 36111 44%9
angle ° 35-30° 26-62 25-50 17-50 26-57
Trunk lzzeral 136 §+7 5£5 615 23£10
bendirnz 7} 8-25 0-21 0-14 0-15 3-38
Trunk r:::tlon 1257 126 76 915 23+11
angle 0-2C 4-21 0-20 2-17 4-37
Hanad ZIZcrze (N) 1580+27 188%52 38+19 109+27 227%54
93-.73 113-262 44-1290 62-147 134-315
Group _zzel! c B E D A

ACTIVITY #2 - Help/Pull the Resident tc a Standing Position

Baseliine Walking Basket- Overhead Stand-up lift
method belt sling 1ifth and sliding
Variac_ss (N=20) (N=20) 1ift® bearad’
Trunx Z_zxion 50+11 49410 NA NA NA
angle 33-%5 29-69
Trunk Zzteral 14x4 126 NA NA NA
bencinz ' 5-24 0-21
Trunk rczation 106 14+5 NA NA NA
angle 2=25 6-25
Hdangd Z:orz=2 (N} 153242 126+£3¢ NA NA NA
53-209 48-195
Group .zzeail C D
""fber of observarions ("a"™ nursing assistants x 2 residents x 2

ilications).
(41)
se of Observations.

and standard deviation {

z > 0.01).

B Zuring this activity, the nursing
szsrate the lift devices to lift
-nzz the chair. Yo s:ignificant

47
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assistants used
the resident out

e e
involived.

of N observations.

-he handset <cn
of the bed

“azn hand forces with the same group lzbel are not significantly difZferent

ntrol to
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Table 9 Inpus Data for Biomechanical Analyses for Transferring the Lighter

Reszzent
ACTIVITY #1 -~ Rotating/Relliing the Resident to Prepare fcr Transfer
Zaceliine metncd Basket-sling lift Stand-up 1lift
and and and sliding
wa.xing belt overheac 1ift board
[<wo-person) (one-person) {one-persorn)}
_ifting Lifting Rolling Rolling Rotating
72rso legs toward away resident
Variables V=101t (N=10}) {N=18) (N=18) (N=18)
Trunk flexion 44+4° 36+10 365 37+8 41+8
angle {°) 35-50° 20-51 29-46 25-55 32-55
Trunk lateral 11+6 127 615 8+4 2019
bending (°} 4-20 0-21 0-12 0-15 T-34
Trunk rotaticn 9+4 11%9 7+3 g+5 i7+8
angle (%) 4-15 0-25 2-13 2-16 1-35
Hand force (N) o827 i3%zx21 76121 95+21 16242
23-168 120-196 44-127 54-12% 58-231
Group label! B A D C A
ACTIVITY =2 - Help/Pull the Resident ¢ 2 Standing Position
Saseline Walking Baskez- Overhead Stand-up lift
method belt sling 1ifts and sliding
Variables N=20) IN=20) 1ifte? board®
Trunk flexion 54110 3149 NA NA NA
angle (°) 40-75 30-63
Trunk lateral 12+£5 iz2+4 NA NA NA
bending (°) 5-24 5-20
Trunk rotation 1115 1314 NA NA NA
angle (°) 4-20 6-22
“ana fcrce (N L36+23 _L2%28 NA NA NA
37-131 23-160
Zroup label? C £
Number cf coservaticns "a" nursing assistants x 2 residents x 2
replications

Mean (44) anc standard deviation (4) of N ciservations.

Range cof observations.
Mean hand fcrzzs with the same group label zr2 not significantly different

(p > 0.01).

During this =zzzivity, —he nursing assistants used the handset control to
operate the L.ft devices to lift the resiiznt out of the bed and lower
into the chaz-. No significant lifting was invelved.
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Table 10 Biomechanzcal Measures for Resident Transfer oy the Resident
Zeavier Lighter
Xesident Resident Significant
Variapbles N=114)1 (N=114) Differences?
3 Capable’ 31+16" 85+14 Yes
(Torso) 26-97° 36-97
% Capable’ 53128 60+26 Yes
{Hip) 4-92 7-93
% Capable’® 16+30 54+28 Yes
{Minimum) 1-82 5-93
Compressive 32022677 2818%£567 Yes
force iN)? 1370-4999 1641-4397
! Number of observaztions ("a" nursing assistants x 2 residents =z 2
replications).
2 Means for the heavizr and the lighter resident are significantly different
(p < 0.01).
3 Using the specifis hneight, bedy weight and gender of the nursing
assistants as mecel lnput.
4 Mean and standard Zeviation of N observations.
: Range of Observat.:zns.
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Tzble 11 Summary of B3icmechanical Measures for Transierring the Heaviar

Resident
ZCTIVITY 41 - Rotating/Relling the Resident to Prepare for Transfer
2aseline method Basket-sling lift Srand-up lift
and and and sliding
walking belt overhead lift peoard
.two-person} {one-person) .one-person)
Lifting Lifting Rollin Roliling Xotating
torso legs toward away resident
ariacles (N=10)! {N=10) {N=18} {N=18) N=18)
* Capaple* 77+23° 83+13 83%17 85%1¢6 Tlxle
Jorse) 26-931 53-93 38-35¢6 44-96 41-93
¥ Capable? 43+33 59125 €4x22 7121 26121
Hip} 11-82 18-85 16-38 19-92 4-73
¥ Capable? 3730 51+28% 54x25 70121 18120
Minizum) 11-77 15-85 16-38 18-82 1-73
36761572 3216517 3081£Z31 27861708 36356385
2977-4999 2298-3085 2407-4367 1881-4743 2436-4618
Sroup label® A B B,C D A
ACTIVITY #2 - Help/Pull the Resident to a Standing Peosition
Baseline Walking Basket- Overhead Stand-up lift
method belt sling 1ifts and sliding
Jariagles (N=20) (N=20) lift® toardf
¥ Caparle’ 83£15 86114 NA NA NA
Torsc! 45-96 48-97
* Capanle? 50+26 57+£28 NA NA NA
Zip) 7-80 5-89
: Capadle? 41£30 49+25 NA NA YA
Minimum) 2-80 5-83
Jzmpressive 2919+434 2768x7C3 NA NA N1
farze N)? 1838~3573 1570-4203
Irsurc label’ c,D D
‘iumber of observations ("a" nursing assistants x 2 <rasidents x 2
replications).

7sing the specific height, body weight and gender c¢I the nurs:ing
assistants as model input.

Mean {77) and standard deviation {23) of N observaticns.

Fange of Cbservations.

“ean compressive forces with the same grsup label are nct significanz’y
iifferent [p > 0.01).

Curing thiz activity, the nursing assistants used the hands2f contreol t:
cperate the 1ift devices to lift the resident out of —he zed and lcwer
into the chair. No significant lifting was involved.
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Table 12 Summary -I Biomechanical Heasures for Transferring the Lighter
Resident
ACTIVITY #1 - Rotating/Rolling the Resident to Frepare for Transfer
Baseline method Rasket-sling lift Stand-up lifft
and and and sliiding
walking kelt cverhead 1ift beard
(two-person) fone-person) (one-person)
Lifting Lifting Rolling Relling Rotating
torso legs toward away resident
Variables {(N=10)" (N=10) (N=18) {N=18} {N=18)
% Capable- 79+23" 8513 §6+13 88£10 78£16
(Tcrso) 36-951 59-97 48-97 63-96 45~-37
% Capable’ 50128 57125 65122 73:17 37428
(Hip) 17-88 12-84 21-91 31-91 7-93
3 Capable- 4024 55+25 58126 70£20 27+2%
{Minimum]} T-77 12-84 9-91 31-91 5-83
Comprassivs 3295£625 3085+462 2822+452 2610+424  3273+439
force (N)° 2381-43%7 2585-3806 2094-3904 1804-3438 2470-33590
Grour lapeif A A B C A
ACTIVITY #2 - Help/Pull the Resident to a Standing Position
Baseline Walking Basket- Overhead Stand-up lift
method belt sling lift® and sliding
Varizbles (N=20) (N=20) 1ifte® board®
$ Capable- 86+14 87+11 NA NA NA
(Torso) 46-97 58~97
% Carpable- 65+26 64£25 NA NA NA
(Hiz! 8-93 15-90
% Capabple- 60+27 59+2¢6 NA NA NA
(Mirnzmum) g3-91 14-80
Coempressivs 2487+448 2552+56¢6 NA NA NA
forcs (N} 1641-2187 170€6-352¢
Grour .abe c C
! Number of observations ("a" nursing assistants x 2 residents x 2
repiizations}.
: Using the specific height, bedy weight and gender of the nursing
assistants as model input.
: Mean 79} and standard deviation 23} of N observations.
4 Rancs of observations.
: Mear ~smpressive forces with the same group label are not significantly
diffzrent (p > 0.01). '
g Jurircs this activity, the nursing assistants used the handset control to
operzza the 1lif: devices to lift zhe resident sut of the bed and lower
intc zhe chair. YNo significant 1:1Zting was involved.



CONSISTENCY OF NURSING ASSISTANT PERFORMANCE

There were 114 data points for each replication. The mean and
stanczrd deviation of the nack compressive forces Zor the first
repliz=tion were 2947.1 and 629.8 N, and 2973.6 and ¢45.1 N for the
seccrnd replication. The mean and standard deviation of zhe hand
forces Zor the first replication were 129.3 and 52.2 N, and 130.8
and 2.7 N for the second replication. .In both cases, a T test
showea that there was n¢ significant difference Dbetween
replizztions cone and two. 3s a group, the nursing assistants were

quits consistent when pericrming resident transfers.

STATISTICAL MODEL VERIFICATICN

The R?* for the statistical model used to analyze the back
comprzssive force data is 0.94. The F-statistic for the model is
15.67 2 = .0001). The predicted back compressive force and the
resicuzl values are plotted against the observed back compressive
force in Figures 22 and 23. The residuals are normally and
randcmly distributed. The residual values range frem -33Z to 532
N and remain constant throughout the range of the observad back
comprzssive force. In addition, the mean of the resicdual values is
equa- O zZero. All o¢f <chese statistics indiczate <ztRhat the
statistical model 1s adeguaze.

e RN e D e e

Tme R’ for the statistical model used to analyze zhe hand

force Zata 1s 0.94. The r-statistic for the model is 16.31

;P = ..201). The predicted hand force and the residual values are
plotzz2 against the observed hand force in Figure 24 and z3. The
residuals are normally and randomly distributed. The r=sidual

valuszs range from -40 to 43 N and remains constant throughcut the
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range c¢f the cbserved hand forces. In addition, the mean of the
residual vwvalues 1s equal to zero. All these statistics alsc
indicate that the statistical model for znalyzing the hand force

data is adeguate,

Basket-sling Lift Pulling Force. When residents are transferred to
a chair, they must be placed so that they sit upright. The nursing
assistant does that by positioning the sling over the chair seat
and pulling on a handle loccated at the zack c¢f the sling while
lowering it. If done correctly, no repositiconing 1s necessary.
The =sase with which this activity is dcne is important both in
reducing the phyéical stress on nursing assistants and for resident
comfort and acceptance of the lifting devices. The hand forces
required to complete this activity were measured while the nursing
assistants stood on a force platform and pulled the resident to an
upright position in the chair. The hand force data are presented
in Appendix I for all combinations (nursing assistant - resident -
device} of transfer, and are summarized :in Table 13. The sling
handle on lift #5 required the largest mean force of 174 N (range
= 53 - 283 N), which was significantly larcer than the mean pulling
forces asscciated with other basket-sling lifts.

The design o¢f the sling, the siin nandle, the handle
position, and frame of the 1ift are the primary factors that cause
the differences in the pulling forces betwsen different lifts. The
handls on some slings 1s positioned too low, and is not easily

grasped. This resulted in an awkward posture while pulling.
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The average pulling force was 160 N when the heavier resident
was cositicned in the chair and 134 N when the lighter resident was
seated. This difference was significant, indicating resident size
as an Important factor in determining the physical stress

associated with this aspect of patient handling.

RESIDENT/DEVICE MANEUVERING FORCES

Three other activities associated with bed to chair transfers
are pushing and turning the 11ft while residents was being
suppccrted in the sling, and gliding the residents across the
siiding board,

The cushing and turning forces are further summarized by device
for poth residents in Table 14.

Lift #6 required the largest mean pushing force (44 N; range
= 32 - 57 N). Lift #8 required the smallest mean pushing force (24
N; razange = 15 - 38 N). The sliding becard required the largest mean
turning force (81 N} which was significantly larger than the mean
turning ZIZorces asscciated with the 1ift devices.

When statistical analysis was performed on the basket-sling
1ift data, the mean pushing force for lift %5 was significantly
sma.’er than those mean pushing fcrces for lifts #6 and 7. There
were no statistical differences 1n the mean turning forces among

the rasket-sling lifts.
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Table 13 Pulling Force Required by the Basket-sling Lift

Both Residents (N=18)

Method Mean Group Standard Range
{N) label deviation
Lift #5 174 A 60 53-263
Lift #6 143 B 40 85-209
Lift #7 121 C 45 36-196
Lift #8 152 B 49 53-240
Lift #9 145 B 45 30-240
The Heavier Resident (N=9)
Method Yean Group Standard Range
(N) label deviation
Lift #5 191 A 67 67-263
Lift #6 i71 A 35 120-209
Lift #7 122 B 48 49-196
Lift #8 163 A, B 52 67-240
Lift #9 152 A,B 45 93-214
The Lighter Resident (N=9)
Method Mean Group Standard Range
'N) label deviation
Lift %5 57 a 49 53-214
Lift %6 214 B 21 35-147
Lift #7 121 B 41 36-174
Lift #8 140 A,B 45 53-209
Lift #9 137 A,B 45 30-240

Notes: 1) The culling force i3 associated with the activity of

the resident into the chair in an upright position;
2) Mean zulling forces with the same group label (A or B)
ars ~ot significantly different (p > 0.03).



Table 14 Resident/Device Maneuvering Forces (N=18 for both
residents and N=9 for each resident)

Method Mean- Group Standard Range Mean Mean
(N) label? deviation Heavy® Light?
Pushing Force
Lift #1 37 cC,D 7 28-53 35 35
Lift #2 35 D "6 25-44 28 32
Lift #3 36 C,D 6 25-44 28 33
Lift #4 37 c,D 10 15-59 41 32
Lift #5 39 B,C 6 25-55 42 28
Lift #6 44 A 7 32-57 17 56
Lift #7 43 A 6 35-54 14 42
Lift #8 24 X 6 15-38 25 23
Lift #9 42 A,B 7 30-53 45 39
Turning Force
Sliding bcard 81 A 40 38-163 £9 74
Lift #1 31 B 7 20-42 32 29
Lift #2 27 B,C 4 20-34 28 27
Lift #3 27 B,C 10 8-47 28 26
Lift #4 29 3,C ) 21-43 23 29
Lift #5 29 B,C 5 20-39 0 28
Lift #6 31 3 6 23-41 Bt 31
Lift #7 31 B 8 10-52 e 30
Lift #8 24 C 5 16-34 gl 23
Lift #9 32 8 7 20-45 32 32
- The mean maneuvering Zcrce is associated with the activizy of pushing and
turning the lift no the chair while tha resident is succcorted in the sling;
Mean pushing or turning forces with the same group label (A or B) are not

significantly differsnt [p > 0.05);
Mean pushing or turning Zcrces for the each resident.
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“hen statistical analysis was performed on the stand-up lift
data, the mean pushing forces for lifts #2 and 3 were statistically
sma__=r than the mean turning force for 1ift #1. No statistical
diffsrences in the mean turning forces were found among the stand-
up _1Zts.

“he data for the basket-siing and stand-up lifts for each of
the IZour manufacturers were averaged and compared in Table 15.

fushing and turning forces were further summarized by type of
1ift i(basket-sling vs. stand-up lifts) in Table 16. The average
pusning force was 42 N for the basket-sling and 36 N for the stand-
up _1Zt. The average turning force was 31 N for the basket-sling
and 2 N for the stand-up 1lilt. Statistical differences were found

in the mean pushing forces cor turning forces between the basket-

slinz and stand-up lifts.
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Table 15 Resident/Device Maneuvering Forces by the Manufacturer

(N=18)
Method Mean Group Standard Range
(N) label deviatiocn

Pushing :orce
Manufacturer 1 38 A 6 28-52
Manufacturer 2 40 A 5 33-50
Manufacturer 3 39 A 4 33-48
Manufacturer 4 39 A 8 26-55
Turning Force
Manufacturer 1 30 A 5 22-40
Manufacturer 2 29 A 7 19-41
Manufactirar 3 29 A 3 16~43
Manufacturer 4 31 A 5 22-40
Notes: 1) The maneuvering force 1s associated with the activity of

pushing and turning the 1ift to the chair while the
resident is supported in the sling:

Mean pushing or turning forces with the same group -abel
(A or B) are nct significantly different (p > 0.03).

N
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Table 16 Resident/Device Maneuvering Forces by the Type of Lift
[(N=72)
Method Mean Croup Standara Range
(N) label deviation

Pushing Force

Basket-sling lift 42 A 7 25-57

Stand-up 1ift 36 B 7 15-5%
Turning Force

Basket-sling lift 31 a 7 10-52
Stand-up lift 29 B 7 g§-47

Notes: 1) The maneuvering force is associated with the activity of
pushing and turning the 1ift tc the chair while the
resident 1s supported in the sling:

2) Mean pushing or turning forces with the same group label
(A or 3) are not significantly different (p > 0.05).

The design c¢f the wheels, width and langth of the 1ift base,
shape of the 1ift base, and locations of the pushing frame are the
primary factors that cause the differences in pushing and turning
forces between different lifts. Some lifts have six wheels and
scme have Izur. Some manufacturers used a single wheel castor
while others used double castors. An inarcropriate pushing frame
posizion may force the nursing assistants to use awkward postures
which aggravate the effect of large pushing or turning forces.

In summary, the sliding board is the most difficult and lift
#8 is the easiest to maneuver. There were some differences in
pushing or turning forces between 1iZts, and there was a
significant diffsrence in pushing force tetween the heavier than

the iighter residents. The basket-sling 1ift required greater
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forces to push or turn than the stand-up lift. Pushing the l1ift
while the resident is reing supported in a sling is more stressful

than turning the Lifz.

PSYCHOPHYSICAL ANALYSIS

Ratings of Perceived zZxertion. The EPE ratings for the 12 transfer
methods are summarized iIn Table 17. ZFor all but lift #9, the lower
back was perceived as the most stressed.

Shoulder - The paseline method nad the largest mean shoulder
RPE (9.8). Lifts #5 znd #9 had the second largest mean shoulder
RPE (9.7), and Lift =Z had the smallzst shoulder RPE (7.7).

Upper Back - The largest mean upper back RPE rating (2.8)
occurred when using _ift #5, and the second largest (9.6} was
associated with the baseline method. Although this difference was
statistically significzant, it propably has limited practical
significance.

Lower Back - The largest mean lcwer back RPE {10.4) occurred
when using the slidirnz board, and -nhe second largest (10.3) was
associated with the ©Dbaseline transfer method and L1ift 25,
Transfers using lift =2 were again rated the least stressful wit
a mean of 8.0.

Whole Body - The _argest mean whole body rating (10.1) was
assoclated with the =se of the basesline transfer method and the
sliding board. The r=xt largest mean whole body RPE (9.8} was
assoclated with lift =3. Moving residents with 1ift #2 was again

mallest mean rzting (8.0).

th

observed t£o have the
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Tabie 17 Ratings of Perceilved ZIxerticn for Resident Transfer by
Method (N=18%)
Ratings of perceived exertion

Metnod Shoulder Upper Lower Whole
back back body
Zaseliine method 2.8%2.0% 9.6%#2.2 10.3%£2.0 10.1+2.0
(2)° 7-131 6-123 7-13 7-13
(A) (A) (A) (A)
Walxing belt 8.5t1.6 8.3%£1.9 9.0£1.7 8.7#£1.6
(2) 6-12 6-12 7-11 7-12
{DC) (BCD) (BC) (BC)
Sliding bocard 9.2+2.2 9.2+1.9 10.4+1.9 10.1+2.3
(1) 7-15 7-13 7-13 7-14
(ABC) (ABC) (A) (A)
Zift %1 8.4£1.9 8.222.0 8.7+£1.8 8.4zxl1.8
ot 6-12 6-13 6-12 6-12
(DC) (DC) (BC) {BC)
izt =2 7.7£1.1 7.6xl.2 8.0+£1.4 8.0%1.2
Sl 5-10 6-10 6-11 6-10
(D) (D) © ©
ZiIz =3 8.4%¥1.5 8.5+1.4 8.8+£1.5 8.5%1.3
1 6-11 6-11 6-11 6-10
(DC) (BCD) {BC) {BC)
Lifz &4 8.2+1.7 8.2+1.8 8.4+£2.0 8.3%1.6
(1) 6-13 6-12 6-13 6~12
(DC) (DC} © (BC)
Lifz 35 9.7+x1.7 9.8%1.8 10.3+1.8 9.8#1.8
(1) 7-13 7-13 7-13 7-13
(AB) (A) {(A) (A)
Zift #6 8.8+1.5 8.2+1.2 B.7+1.3 8.4%1.2
Lt 7-12 6-10 7-11 7-11
(ABC) (CD) (BC) {BC)
_iZz =7 8.4+1.4 2.3£1.3 8.7£1.6 8.6+1.5
- o=-11 6-12 6-11 6-11
{DC}) {BCLC} (BC) (BC)
izt =8 8.7+1.4 8.9%1.5 9.6£2.0 9.2£1.8
o 7-13 7-12 7-13 7-12
(BCD) (ABC) (AB) (AB)
iz 49 89.7+£2.3 9.3£2.3 9.5%1.8 9.7+2.1
- 6-13 6-13 7-13 7-13
(A) (AB) (AB) (A)

N=20 for the baseline and walking belt methods.
Mean and standard deviation of nine nursing assistants and two

residents.
7 of nursing assistants required by the transfer methcd.

: Range of ratings. '

: Column means with the same group label are not significantly
different (p > 0.05).



In summary, some devices received psychophysical stress
ratings as nigh as the paseline transfer method. The high stress
ratings for some devices were caused by the postural stresses which
result from sub-tasks such as placing and removing slings from
underneath the patient, attaching slings to the 1ift, maneuvering
and steerin the 1ift +to the <chair, etc. The mathematical
differences between scores have limited meaning, but there was a
consistent difference in the patterns meaning that a given methed
was consistently perceived as causing a different stress level than
another metnod. The psychophysical ratings indicated that the use
of the sliding board and 1ift #5 did not result in a reduction in
perceived stress to the shoulders, upper back, lower back, or whole
body c¢f the nursing assistants. The use of the assistive devices
including the walking belt generally resulted in significantly less
percelved stress to all four body areas evaluated. This conclusion
is generally consistent with the conclusion generated from the

biomechanical evaluation.

Analysis by Method Group. The RPE data are summarized by the
transier method group in Table 18. There were ifour designs of
basket-sling lifts and fcur designs of stand-up l1ifts. There was
only cne design in each cf the other four methcd groups.

At the shoulder, :the baseline transfer method was the most
stressful. The walking belt and stand-up l1ift had significantly
lower ratings than the kaseline method.

At the upper back, the baseline transfer method was again the
most stressful, and the walking belt and stand-up 1ift had
significant’y lower ratings than the baseline methed. In addition,

the mean urcer back rating for the stand-up 1if% was significantly

Wl
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lower than that for the sliding board.

The nursing assistants consistently rated the lower back as
the most highlyv stressed part of the body. The largest mean lower
back RPE (10.4) occurred when the sliding board was used. The
seccnd largest mean RPE was 10.3 when the baseline transfer method
was used. These two mean ratings were statistically higher than
the other mean ratings with the exception of the transfer utilizing
the overhead 1ift. There were no significant differences in the
mean ratings fcr the lower back among the basket-sling lift, stand-
up lift, and walking belt.

The nursing assistants were directed to complete the ease of
use rating by evaluating all aspects of device use except physical
exertion. This was rated separately, and this point was reinforced
during each rating period.

The ease 2f use ratings for each transfer method are
summarized in Table 19, The smallest mean ease of use rating (1.4)
was observed with 1lift #2, while Lift #5 received the largest mean
ease of use rating (2.9).

Table 19 indicates that the minimum rating for every transfer
method was L ‘exXtremely easy, and the maximum rating varied with
method. The sliding board and 1ift %5 had a maximum rating of 5
(extremely difficult). This pattern suggests that there is a great
deal of individual variabilizy in the perception of difficulty of
use of equipment. This variability probably reflects the
differences in size, strength, flexibility, and experience of the

nursing assistants.
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Table 18 Ratings of Perceived Exertion for Resident Transfer by
Method Group
Ratings of perceived exerticn
“ethod Shoulder Upper Lower Whe:e
Iroup back back boav
2aseline method 89.812.¢C 9.6+2.2 10.322.0 1€.1%2.0
(2)° (7-13) (6-13) (7-13) 7=-13)
(A) (A) (A) (A)
Walking belt 8.5£1.6 8.3%x1.8 9.0£1.7 8.7£1.6
(2) (6-12} (6-12) (7-11) 7-12)
(B) (BC) (BC) 2
2asket-siing lift 3.2%1.8 8§.9%+1.8 9.3£1.7 &.111.8
(1) 16-13) (6=15%) (6-13) 6-13)
{AB) (ABC) {BC) {BC)
Cverhead lift §.7+1.4 8.9+1.5 9,6+2.0 £.2%#1.9
(1) (7-13) {(7-12) (7-13}) 7-12)
(AB) (ABC) (AB) [ABC)
Stand-up lift g8.2%1.6 8.1x1.6 8.5£1.7 @g.3%1.5
(1) (6=-13) {(6=13) (6-13) 0-12)
(B) © © o
Siiding board 9.2%£2.2 9.2+1.9 10.4%£1.9 1C..£2.3
(1) (7-15) (7-13) (7-13) T-14)
(AB) (AB) (A) {AB)
Mean zand standard deviaztion ¢of nine nursing assistants and Iwo
residents.
No. ¢f nursing assistants requirasd by the transisr method.

Range c<f the ratings.
Column means with the same group label are nc: significantly

different

The mean whole body RPE Zfor

(p > 0.05).

the baseline

-ransfer method

20.1) was significantly higher than z2ll other methsi means, except

Izr the sliding board.

In summary,
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consistently resulted in less perceived stress to the nursing

assistants.

Table 19 Ease of Use Ratings by Method

Methcd N Mean 1 Standard Range
rating: deviation
Baseline method 20 1.8%F 0.6 1-3
Walking belt 20 1,550 1.0 1-4
Sliding board 18 2.7% 1.0 1-5
Zift =1 18 2.2%° 0.6 1-3
Lift 32 18 1.4° 2.6 1-3
Lift =3 18 1.9°° 0.7 1-3
Lift #4 18 1.5° 0.6 1-3
Lift 35 18 2.9* 1.1 1-5
Lift =6 18 1.9=° 0.8 1-4
Lifz =7 18 2.0-° 0.7 1-3
Lift =8 18 2.6%3 1.2 1-4
“iftT =3 18 2,873 3.5 1-4

Th2 nursing assistants rated Irom 1 Ior extremely easy to 5 for
extremely difficult; and mean ratings with the same group label
(A, B, etc.) are not significantly different (p > 0.05).

The ease of use ratings Zfor resident transfer methods are

r summarized by the method grour in Table 20. The stand-up

TurTh

ip

it 2nd the raseline transfer method rad the smallest mean rating

- - =

cf 2.3 and the mean for the walking belt method was 1.9. The
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reason the mean ratings for the walking belt and stand-up lift were
low 1s that their cperating procedures were simple. The sliding
board had the largest mean rating of 2.7. The mean ease of use

rating for the pasket-sling lift was 2.3.

Table 20 Ease of Use Ratings by Method Group

Method N Mean Standard Range
group rating* deviation
Baseline mechod 20 1.8° 0.6 1-3
Walking belt 20 1,98 1.0 1-4
Basket-sling 1if 72 2.38 0.9 1-5
Overhead liZft 18 2.6" 1.2 1-4
Stand-up l1ift 72 1.8° 0.7 1-3
Sliding koard 18 2.7* 1.0 1-5

' The nursing assistants rated from 1 for extremely easy to 5 for
extremely difficult; and mean ratings with the same group label

(A, B, etc.) are not significantly different !p > 0.05).
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The nursing assistants used the baseline transfer method in
their jobs, thus their ease-cf-use ratings Zfor this technique were
low (easy) as expected. The data show that the assistants

indicated that using the walxing belt and stand-up l1ift were as

unceomplicated as the baseline transfer method.

RATINGS OF SLING, FRAME, AND MANEUVERING

The ease-of-use ratings for the sling are summarized by the
device in Table 21 for weight bearing residents and in Table 22 for
non-weight bearing residents.

The ease-ci-use ratings Ior the frame or spreader bar are
summarized by device in Table 23 for weight bearing residents and
in Table 24 for non-weight bearing residents. The ease of
maneuvering ratings are summarized by device in Table 25 for weight
bearing residents and in Table 26 for non-weight bearing residents.

Within the classificaticn of weight pearing and non-weight
bearing residents, the residents are also classified into five
different types: normal, compative, heavy, contracted, and with
medical devices. When the nursing assistants were asked to rate
the ease of using the siing, ZIrame, ©r ease cf maneuvering of the
lifrts, they were tcld that normal residents were considered
simulated residents iIn this lab study. A combative resident 1s
considered as one who dces not cooperate in transferring or
repositioning, suddenly resists movement, tries to grasp or hit the
nursing assistants, etc. Residents whose ktody weights are over 91
kg (200 lbs) are ccrnsidered zs heavy resiZants. Residents with
contracted knee, elbow, <r other body -oints are considered

contracted residents. A contracted body jcint limits the range of
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motion for the adjacent tody segments. Residents with medical
devices are those who have had surgery cor need intensive care so
that devices, such as heart and glucose monitors, are attached to
certain parts of their bodies. Residents with any of these four

attributes may pose additional difficulty in using lift devices.
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Table 21 Ease of Use Ratings for the Sling (Weight Bearing)

Resident Characteristics

Methcd Normal Combative Heavy Contracted With
equipment
Lift =1 2.2+x1.0° 3.8%0.9 3.9%0.7 4.0%0.7 3.6%1.3
1-4¢ 3-5 1-5 3-5 2-5
9° 7 7 5 7
Lift =2 1.4£0.5 2.7+0.8 2.6+0.9 3.0+1.0 3.0%1.4
1-2 2-4 2-4 2-4 1-5
8 7 8 5 7
Lift =3 2.1£1.1 3.7£0.8 3.1x1.1 3.6x0.9 3.3%1.2
i-4 3-5 2-5 3-5 2-5
o 7 8 5 7
Lift =4 1.7=0.7 3.1£1.1 2.8£0.9 3.0%0.7 2.9%0.7
1-3 2-5 2-4 2-4 2-4
9 7 8 5 7
Lift =53 2.2+x1.0 3.320.9 3.3%1.4 3.4#1.0 3.3%1.3
1-4 2-5 1-5 2-5 1-5
9 8 9 7 8
Lift =2 1.7£0.7 2.5x1.1 2.4+1.1 2.7+1.0 2.8%1.2
1-3 1-4 1-4 1-4 1-5
9 8 9 9 8
Lift =~ 1.920.8 2.6£0.9 2.7£C.9 2.3£0.9 2.6%0.2
1-3 1-4 1-4 1-4 i-4
3 8 9 2 8
Lift == 2.3=0.7 3.9%#0.8 3.6%x1.1 3.4+0.95 3.5£0.¢2
2-4 3-5 2-5 2-5 2-4
9 8 9 9 8
Lift =3 2.0x0.7 2.8+%1.2 2.7+1.3 2.8%1.1 2.921.°2
1-3 1-4 1-5 2-5 2-5
9 8 9 9 8
E ¥=2an and standard deviation of nine nursing assistants zand two
zzsidents.

=2 number of nursing assistants believed that the method was going
2 work for the type of residents.
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Table 22 Ease of Use Ratings for the Sling {Non-Weight Bearing)
Resident Characteristics
Method Normal Combative Heavy Contracted With
equipment
Lift #1 3.3+%1.0° 4.0+ . 5.0% . N/A 4.5+0.7
2-4° 4-4 5~5 N/A 4-5
43 1 1 0 2
Lift #2 2.3%1.5 N/A 3.0% N/A 4.0% .
1-4 N/A 3-3 N/A 4-4
3 0 1 0 1
Lift #3 2.3%x1.5 N/A 3.0% N/A 4.0+ ,
1-4 N/A 3-3 N/A 4~-4
3 0 1 0 1
Lift #4 2.3£1.5 N/A 3.0+ . N/A 4.0% .
1-4 N/A 3-3 N/A 4-4
3 0 1 0 1
Lift #5 2.2£1.0 3.420.9 3.3£1.4 3.4£1.0 3.3x1.3
1-4 2-5 1-5 2-5 1-5
9 8 9 7 8
Lift #6 1.7£0.7 2.5+£1.1 2.3%£1.0 2.7%£0.9 2.6+1.3
1-3 1-4 1-4 2-4 1-5
9 8 g 9 8
Lift #7 1.8£0.7 2.6x0.9 2.4+1.0 2.3%0.9 2.410.8
1-3 1-4 1-4 1-4 1-4
9 8 9 9 8
Lift #8 2.6+0.9 3.4£0.8 3.4x1.2 2.2+0.7 3.4%£0.9
2-4 3=5 2=5 2-4 2-4
9 7 9 9 8
Lift #9 2.0£0.7 2.6x1.1 2.4£1.0 2.7£2.0 2.89%£1.0
1-3 1-4 1-4 2-5 2-5
9 8 9 9 8

G

Mean and =
residents.

Range ¢f the rating
The number of nursing assistants kelisved that the method was
going to work for the type of residents.
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Table 23 Ease of Tse Ratings for the Lift Frame (Weight Bearing)

Resident Characteristics

Method Normz_. Combative Heavy Contracted With
eguipment
Lifc #1 2.721.3- 4.0£1.0 3.7£1.4 3.6%0.5 3.1%0.9
1-4- 2-5 1-5 3-4 2-4
5* 7 7 5 7
Lift #2 2.1=x0.3 2.7x1.4 2.4x1.3 3.2%1.5 2.6+£1.3
1-3 1-5 1-4 1-5 i-5
9 7 8 5 7
Lift #3 2.2%2.2 3.1#0.9 3.0£l1.3 3.8%£0.8 3.1x1.2
1-4 2-4 1-5 3-5 2-5
8 7 8 5 7
Lift #4 1,707 3.1£1.3 2.35%£1.2 3.4%£0.9 2.6+1.3
1-:2 1-5 1-4 2-4 1-4
9 7 8 5 7
Lift #5 2.1+1.2 2.521.2 2.4£1.3 2.4%21.1 2.6+1.2
1-4 1-4 1-4 1-4 1-4
9 8 9 7 8
Lift #6 1.8£C. 2 2.8+1.3 2.6+x1.3 2.621.0 2.6%1.1
1-2 1-5 1-5 1-4 1-4
3 8 9 9 8
Lift #7 2.2+2.2 3.3x1.7 2.7+#1.,2 2.6%x1.1 2.5+0.9
1-4 1-5 1-4 1-5 1-4
9 8 9 9 8
Lift #8 2.0x1.2 J.8x£1.2 3.7+£1.4 3.3£1.: 3.3z1.0
i-z 2-5 1-5 2-5 2-5
E; 8 9 9 8
Lift #9 2.0x2.2 3.3+1.7 2.7%1.1 2.4+0.9 2.5+£0.9
1-4 1-5 1-4 1-4 1-4
8 9 9 8
Mean and standarZ deviation of nine nursing assistants and two
residents.
< Range of the rztings.
E The number < nursing assistants believed that the method was
going to work I:r the type of residents.
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Table 24 Ease of Use Ratings for the Lift Frame (Non-Weight

Bearing)
Resident Characteristics
Methed Normal Combative Heavy Contracted dith
squipment
izt =1 3.0+1.4" 5.0% 4.0% N/A 4.0£0.0
2-5 5-5 4-4 N/A 4-4
43 1 1 0 2
_ift 32 2.0£1.0 N/A 2.0 . N/A 4.0+ .
1-3 N/A 2-2 N/A 4-4
3 0 1 0 1
it 43 2.0+%1.0 N/A 2.0% . N/R 4.0+ .
1i-3 N/A 2-2 N/A 4-4
3 0 1 0 1
Zifs 34 2.0+1.90 N/A 2.0z N/A 1.0+ .
1-3 N/A 2-2 N/A 4-4
3 0 1 0 1
LIt #5 2.1x1.1 2.5£1.2 2.3+1.2 2.3£1.1 2.421.3
1-4 1-4 1-4 1-4 i-4
9 8 9 7 8
_iZt 36 1.7+0.5 2.6%1.4 2.4+41.4 2.3+1.1 2.4£1.3
1-2 1-5 1-5 1-4 1-4
5 8 9 8
“iZe #7 2.3%1.0 3.4x1.6 2.8+1.2 2.8+1.2 2.5£1.1
1-4 1-5 1-4 1-5 1-4
9 8 9 9 8
_.I7 =8 3.0£1.3 3.8£1.3 3.0xz1.5 3.4z1.1 3.1x1.1
1-5 2-5 i-3 2-5 1-4
9 7 9 9 8
_iZz =9 2.0£1.0 3.321.7 2.7£1.2 2.6%1.0 2.4x1.1
1-4 1-5 1-4 1-4 1-4
9 8 9 9 8

vlean and standard deviation of nine nursing assistants and tTwo
residents.

Jange ¢ the ratings.

The number of nursing assistants pelieved that the method was
going <o work fcr the type cof residents.
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Table 25 Ease of Maneuvering Ratings (Weight Bearingj

Resident Characteristics

Metheod Normal Combative Heavy Contracted With
equipment )
Tift =1 2.1£1.0° 2.7+1.3 3.0%0.8 2.2%1.3 2.6%1.3 B
1-42 2=-5 2-4 1-4 1-4
g3 7 7 5 1
Lift 22 1.8£0.7 2.9£0.7 2.8+£0.9 2.2£1.3 2.4%£1.0
1-3 2-4 1-4 1-4 1-4
9 7 8 5 7
Lift =3 2.1£0.8 3.1+x0.7 2.9£0.6 2.6%1.1 2.6x1.0
1-4 2-4 2-4 1-4 1-4
9 7 8 5 7
Lift =4 1.9%0.6 2.3+0.35 2.840.5 2.6+0.9 2.6%1.0
1-3 2=-3 2=3 1-3 1-4
g 7 5 7
Sliding 2.3%1.4 4.7+0.5 4.440.8 4.0+0.8 3.9%1.1
board 1-5 4-5 3-5 3-5 2-5
5 6 7 7 7
Lift =5 2.0£1.0 2.5£0.8 2.8£1.0 1.9+0.9 2.4+1.3
1-4 2-4 2-4 1-3 1-4
9 8 9 7 8
Lift = 2.2£0.8 2.9£1.0 3.0£1.0 2.4%£0.9 2.6%0.9
1-3 2-4 2-4 1-4 1-4
9 8 9 9 8
Lift =7 2.0x£0.7 2.5£0.9 2.7£1.0 2.2%0.9 2.321.0
1-3 1-4 1-4 i-4 1-4
9 8 9 9 8
Lift =3 2.2x1.1 3.441.2 3.3+£1.3 2.6%1.2 2.6x1.3
i-4 2-5 1-5 1-4 1-4
9 8 9 9 3
Lift =3 2.4+0.9 2.840.9 3.24£0.8 2.6%x1.0 2.821.0
1-4 2-4 2=-4 1-4 1-4
9 8 9 9 3
“2an and standard deviation ¢f nine nursing assistants and two
rasidents.
: Fange of the ratings.
3 The number of nursing assistants believed that the method was

soing tTo work for the type of residents.
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Table 26 Zase of Maneuvering Ratings (Non-Weight Bearing)

Resident Characteristics

Method Normal Combative Heavy Contracted With
equipment
Lift #1 2.0+0.8- 2.0+ . 3.0% . N/A 3.0£0.0
1-32 2-2 3-3 N/A 3-3
43 1 1 0 2
Lift #2 2.0£1.0 N/A 2.0+ N/A 3.0+ .
1-3 N/& 2-3 N/A 3-3
3 0 1 0 1
Lift #3 2.310.6 N/A 2.0t , N/A 3.0
2-3 N/A 2-2 N/A 3-3
3 0 1 Q 1
Lift #4 2.3%0.6 N/A 2.0 . N/A 3.0 .
2-3 N/A 2-2 N/A 3-3
3 0 1 0 1
Sliding 2.6%1.3 4.8£0.4 4.6+1.1 4.3x0.8 4.0+0.8
board 1-5 4-5 2-5 3-5 3-5
9 7 7 6 7
Lift #5 2.0£1.0 2.6%£0.7 2.9+0.9 2.0+1.0 2.5+1.3
1-4 2-4 2-4 1-3 1-4
9 8 9 7 8
Lift #6 2.2%0.8 3.0£1.1 3.0£1.0 2.3%0.9 2.5+0.9
1-3 2-4 2-4 1-4 1-4
5 8 9 9 8
Lift #7 2.0t0.7 2.520.9 2.7£1.0 2.1%0.9 2.1%£1.0
i-3 1-4 1-4 1-4 1-4
9 8 9 9 8
Lift #8 2.3%1.0 3.4%£1.3 3.3%1.1 2.9%1.2 3.0+1.2
1-4 2-5 2-5 1-4 1-4
5 7 9 9 8
Lift #9 2.3%0.7 2.6x0.7 2.9%0.8 2.4%0.9 2.6%0.9
1-3 2-4 2-4 1-4 2-4
9 8 9 9 8

Mean and standard deviation of nine nursing assistants and two
residents.

‘ Range of zZne ratincs.

} The number =f nursing assistants believed that the method was
going tec work for the type of residents.
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The nursing assistants did not use the lifts on these types of
residents. They did, however, have considerable experience with
caring for and transierring these types of people. They were asked
Z0 draw on their zxperiences with these types of people and their
sxperience with the lifting devices to estimate the ease/difficulty
with which these pecple could be transferred with devices. While
these estimations are subjective, they still provide valuable
insights into the potential utility of lift devices.

Table 21 shows that all nine nursing assistants thought that
all 1ift devices could be effectively used on normal weight bearing
residents. For combative residents, however, seven cof the nine
felt the stand-up 1iIts {(1-4} would be effective, and eight of the
nine felt the sling lifts (5-9) would be effective. The sane
nursing assistant said no in both cases, and her concerns were the
combative residents will be resistive to these devices and may hurt
themselves or the assistants.

For heavy residents, seven of the nine felt the stand-up lifts
!1-4) would be effective, and a1l nine nursing assistants felt the
sling lifts (5-9) would be effective, There were two nursing
assistants felt 1ift #1 could notr be used on heavy residents
oecause they were not sure the siing could hold/support the neavy
residents.

For centracted residents, five of the nine Za2lt the stand-up
lifts (1-4) would be effective, and all nine nursing assistants
Zelt the sling lifts (6-9) would be effective. There were two
nursing assistants who did not think that 1ift #5 could be used on
contracted residents.

Seven of the nine assistants telieved that _:1fts #1 through 4

could be used on weight bearing residents with medical devices

Ld
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attached to them. Eight of the nine assistants believed that lifts
#5 through 9 could be used on the residents with equipment attached
To  them. The basket-sling lifts have greater £flexibility in
resident-handling than the stand-up lifts.

Neight bearing residents - The statistical analysis of the
rating data for weight bearing and normal residents is preserted in
Tables z1.

Tor welight bearing residents with the other four
charzcteristics, the mean ease of maneuvering rating for the

sliding board was significantly higher than the mean ratings for

other 1ift devices.

TRANSFER METHOD PREFERENCE

The transfer method data are summarized in Tables 27 and 28.
The 12 transfer methods were divided into three groups: the
pase_ine transfer method and the walking belt were in group one;
grout two consisted of the sliding board and the stand-up lifts:

whilzs the basket-sling and cverhead lifts made up group three,

M

Thess group classifications were determined by the similarities in
~he transfer procedures.

Table 27 indicates that in group one the nursing assistants
did nzt strongly prefer one method over the other. Five nursing
assiszants preferred the walking pkelt and four preferred <the

mase_ine transfer method.
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Table 27 Summary of Nursing Assistants' Method Preference (N=9)

Group ranking

Method Mean Standard Range Median
deviation

Greoup One

Baseline methocd 1.6 0.5 1-2 2
Walking belt 1.4% 0.5 1-2 1
Group Twe
3liding becard 4,74 1.0 2-5 5
Lift #1 3.94 0.8 2-5 4
Lift #2 1.6° 1.0 1-4 1
Lift # 2.9® 0.6 2-4 3
Lift #4 2.0° 0.9 1-3 2
Group Three
Lift #5 3.1° 1.4 1-5 4
Lift #6 2.0° 1.3 1-4 1
Lift %7 2.3%¢ 1.0 1-3 3
Lift =8 4. 9% 0.3 4-5 5
Lift =9 2.7%¢ 0.9 2-4 2
Note:
In group c¢ne, 1 = the most preferred method, 2 = the least
preiZerr=sd method.
In groups two and three, 1 = the most preferred method, 5 = the

least preferred method.
Mean group rankings in each group with the same label (A, 2,

etc.) are not significantly different ‘o > 0.05).
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Table 28 Summary of Nursing Assistants’ Overall Method
Preference (N=9)

Qverall Ranking

Method Mean- Standard Range Median
deviation

Baseline method 9.6" 4.2 1-12 12
Walking belt 9.2% 3.0 3-11 11
Sliding board 10.1% 1.4 7-12 10
Lift #1 8.0&® 2.1 5-12 8
Lift #2 4.0%" 2.1 2- 8 3
Lift #3 6.4%° 2.1 3-10 6
Lift #4 5.1%F 2.1 1- 8 6
Lift #5 5.4%F 3.1 1- 9 7
Lift #o 3.0° 2.8 i- 9 2
Lift #7 3.2° 1.9 i- 7 3
Lift #8 9,33 2.0 5-12 9
Lift #9 4.6%" 1.9 2= 7 4
L 1 = the most preferred method;

12 = the least preferred method;
and mean rankings with the same group label (A, B, etc.) are
not significantly different (p > 0.05).

The differencses weres guite pronounced in group two where the
means ranged Irom 1.6 o 4.7. The rarnge reflscts the large
perceived differences in the use of the devices. A similar pattern
was found in group cne.

Table 28 summarizes the cverall ranking of all twelve devices.
There, they were asked tc¢ rank from 1 for the most preferred methed
te 12 for the least preferred method. Transfer methods with a mean
overall ranking abcve 2.0 were significantly less preferred by the
nursing assistants than zhe methods with z mean overall ranking

below 6.5. The nursing assistants' preferences are further

b
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summarized by methoc Zroup pased con the overall data in Table 289.
No significant prefersnce ranking differences were Iound between
the paseline, walkinc zelt, sliding ocard, and overnead Lift method
groups. Overall, the assistants preferred the basket-sling lift

and stand-up 1ift to zny other methed.

Table 28 Summary cf Nursing Assistants' Overall Method
Preferencs by Method Group

Method Hzan ~ Standard Range
group rznking- deviation
Baseline method 3. 6% 4.2 1-12
Walking belt 5,08 3.C 3-11
Basket-sling lift +.183 2.6 1- 9
Overhead lift 3.3% 2.0 5-12
Stand-up lift s, 98 2.5 1-12
Sliding board 2.1 1.4 7-12

The nursing assistants ranked from 1 for the most preferred
method to 12 for zhe least prefsrred method; and mean rankings
with the same grcup label ‘A, 2, etc.) are not significantly
different (p > C.C25).

WORK TIME CONSIDERATIONS
Task Performance Time znd Nursing Assistant Work Time. A transfer
procedure must be practical if rursing personnel are to use it. A

xey aspect of practicz’ly is the amount of time reguirsd to use the

procedure, and in fact Zuring intervisws, the researchers found the
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excessive time required by colder style devices was the main reascn
thev were not used.

Task performance time and nursing assistant work time required
for =—ransferring residents from bed <o chair are summarized In

Table 30, The mean task performance time was 63 seconds {range =

28 - 118 seconds) using the baseline transfer method and 132
seccnds {range = 103 - 182 seconds) using the walking beit. The
mean performance time was 176 seconds {range = 106 - 240 seconds)

using the sliding board. There were significant differences among
thesse three means ({03, 132, and 176 seconds). The threse mearns
invelved significantly shorter times than those requiresd py other

metncas. Lift #8 hand the longest mean task performance time {224

seccnds; range = 260 - 393 seconds). 1ift #4 had the shortest mean
tasx zerformance time (207 seconds; range = 123 - 287 seccnds).
There were no significant differences in the mean task performance

times tetween lifts #2, 3, and 4. No significant differences iIn

the mzan task performance times were Zound among lifts 33, 6, 7,
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Table 30 Task Performance Time and Nursing Assistant Work Time
(N=18")
Task Nursing
performance assistant
Method time Group work time Group
(seconds) label® (seconds) label’
Baseline methcd 63+28° G 126+56 F
(2)° (28-118)° (56-236)
Walking belt 132+27 F 264+54 B
(2) (103-182) (206-364)
Sliding board 176£39 E 176£39 E
(1) (106-240) (106-240)
Lift %1 235451 C 235*51 C
(1) (132-325) (132-325)
Lift =2 214+£52 D 214%52 D
(1) {134-292) (134-292;
Lift =3 213440 D 213240 D
(1) (121-288) (121-288)
Lift =4 20743 D 207£43 D
(1) (123-287) (123-287)
Lift %5 258%45 B 258445 B
(1) (175-315) (175-31%)
Lift =6 264+57 B 26457 B
(1) {182-380) (182-380)
Lift = 257+44 B 257z44 B
(1) 1180-330) (180-330)
Lift =8 324+40 A 324=z40 A
(1) {260-393) (260-393)
Lift =9 265+44 B 265=44 B
(L) (201-350) (201-350;
: N = 10 for the baseline and walking belt methods.
z Mean task performance times with the same group label are not
significancly different (p > 0.05).
Mean nursing assistant work times with the same group label (&,
B} zre nct significantly different (p > 0.C3).
Mezn and standard deviation of nine nursing assistants and two

residents.
Number c¢I nursing assistants required cy the transfer method.

® Range of task performance time.
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Since the =rcaseliine transfer method and the walking belt
technique regulired twc nursing assistants, the assistant work times
were double the task cerformance time, or 126 and 264 seconds. The
remaining methecds reguired only one nursing assistant; thus, the
task perfermance time 1s equal to the nursing assistant work time
for those methcds. There were no significant differences in the
mean task periIscrmancs times between 1lifts #5 through 7, 1lift #9,

—-— -

and the walkirnz belt.

The task performance time and nursing assistant work times are
further summarized oy method group in Table 31. The longest mean
task performance time, 324 seconds {range = 260 - 393 seconds), was
asscclated with the overnead l1ift. The mean task performance times
for all six method groups were significantly different from each
other.

The baseline method takes less actual transfer time and less
nursing assistant time, but the numbers are somewhat misleading to
be done with reascnacle safety, the baseline method requires 2
people whereas the device based transfers require only one, In
practice, thess are many times when the second person 1s not

readily availa: id the person who 1s working alone attempts

()

the transfer zlcne. Thils 1s “injury prime time”. In addition,
although the transier to chair 1s guicker with the baseline, a
transfer to the rathing area, the dining area, etc. will be much
quicker with a devizs. Finally, during a transfer, there 1is

i

generally some time scant socializing with the residents around the

transfer time. The time spent preparing for a device transfer can
be used for scgclalizing, while time spent socializing before or
after a baselirs -ransfer is theoretically lost. (Socializing with
the residents shculd Z= sncouraged wnenever possikle.)
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Thus, while it appears that
time, when one examines a number of transfer parameters, the truth
1s that the actual time sctent 0 work with either method type 1is

nominally the same.

Table 31 Task PerZcrmance Time z=nd Nursing Assistant Work Time
by Methcd Group

Task Nursing
performance assistant
Method time Group work time Croup
group {seconds) labal- {seconds) label?
Baseline method 0328 F 126%56 E
(2)° { 2B-113}" { 56-236)
Waixing belt L3227 = 264+53 B
(2) (103-182) (206~-364)
Basket-sling lift 261%47 B 261147 B
(1) (175-38C) (175-380)
Overhead 1ift 32440 A 324+40 A
(1) (260-382) (260-393)
Stand-up lift 17+£47 C 217+47 C
(1) (121-32%) (121-325)
Sliding board 1761328 5 17639 D
1) (106-2470) (106-240)
Mean task periformance times with the same grcuc .abel (A, B,
2tc.) are not significantly diZZzsrent {(p > 0.1%¢

- Mean nursing assistant wOork times with the same ;:oup label (A,
B, etc.) are not signiZicantly Zifferent (p > 1.03).
Mean and standard deviation of nine nursing assistants and two

residents,
Number of nursing assistants rsgulred by the zrainsIer method.
Range of task periormance Time.
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Correlation analysis was verformed to see whether the red
height preferred by the nursing assistants correlated with the
pilomechanical and psychophysical measures. No significant
correiations were found.

Ccrrelation analysis was also performed to see whether the bed
height creferred by the nursing assistants correlated with the
height, shoulder height, elbow reight, hip height, and knee height
of the nursing assistants. No significant correlations were found.

Ahen the nursing assistants were questioned about their
referred height, it became clezr that unless the existing height
was ¢ressiy difficult to use, no adjustments were made. This was

probapbly due to thelr daily experience with varying uncomfortable

bed heizhts.

COMFORT AND SECURITY

The residents’ comfort and security ratings are summarized by

the trznsfier method in Table 32, where a lower rating means greater

comfor: and security.

ComZort - The mean comfort ratings for the baseline method was

o aan

2.7 The comparative comfort ratings for the standup 1ifts ranced
from . o 3.7, with two being more comfortable and two pelng less
comicrzzble. A similar pattern was cpserved for the basket 1ifts

where the ratings varied from 2.2 o 3.9 with three being lower and
two ceing higher. The walking gelt had a rating c¢f 1.9 and the
sliding Doard had a rating of 3..L. Clearly, there 1s no pattern
nere. The residents comfort was very dependent on the individual

s of the lifting Zavices. These characteristics are
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Table 32 Ratzngs of Comfort and Security £from the Resident
during Transfer (N=18%)

Comfort Security

Method Mean® Standard Range Mean Standard Range

deviation deviation

Baseline 2.7%°P 0.8 1-4 2.1%F 0.6 1-3

method

Walking belt 1.9%5F 0.6 1-3 1.9¢ 0.6 1-3

Sliding board 3.18¢ 0.9 2-5 2,783 0.6 2-4

Lift #1 3.1%¢ 0.9 2-4 2.1%F 0.3 2-3

Lift #2 1.7° 0.5 1-2 1.9° 0.6 1-3

Lift #3 3.48 0.9 2-5 2.3%>% 0.6 1-3

Lift #4 1.98¢ 0.5 1-3 2.1%¢ 0.5 1-3

Lift #5 3.9% C.8 2-5 2.6%>- 0.8 2-4

Lift #6 3.1%¢ 0.6 2-4 2.3%F 0.5 2-3

Lift 47 2.28F 0.5 1-3 2.7%¢ 1.0 1-4

Lift #8 2.4%F 0.6 2-4 2.6%%° 0.7 2-4

Lift #9 2.4%E 0.8 1-4 3.1°4 0.9 2-4

“ N = 10 for zhe baseline and walking belt methods.

: 1 = extremely comfortable, 5 = extremely uncomfortable; 1 =
extremely sscure, 5 = extremely insecure; and column
mean ratings with the same group label (A, B, etc.) are not
significantl, different (p>0.05).

Securizy - The mean security rating for —he baseline transfer
method was ... The comparative security ratings for the standuc

1ifts varied Zzzcm 1.9 to 2.3, with cone reing lower and one being
higher. The czsket lifts consistently had a worse rating than the
pbaseline; zhey ranged from 2.3 to 3.1. The walking belt was
slightly more sscure with a rating of 1.8 whils the sliding board

was somewhat wcrse at 2.7. Here again, the specifics of the device

were critical z: the ratings. The consistently low ratings of the

g

basket lifts wsre apparently due to the “insecure feeling” that = s
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associated with being suspended iIn the air from four chains. One

has no feeling of contzol in this situation.

Subjects' Comments. The nursing assistants’ znd the residents’

comments about the traznsfer methods are brieflv discussed below.

Nursing Assistants. Baseline Method - Nursing assistants felt
comfortable with the zaseline method because it was quick and easy,

and because they were familiar with it.

Walking Belts. The nursing assistants liked the handles on the
walking belt and belizved that a rocking motion made the transfer
easier. They did nct like the buckle on the walking belt because
it was hard toc use and the pbelt might cause tissue shearing when

pulling it to 1ift residents.

Sliding Board. The Dboard was gquick and useiul for certain
situations. It moved smoothly, was light, and nct as easy to use
as some other methcds. The nursing assistants felt the device
would benefit a resident with good upper bedv strangth. The board
worked better “or _izht-welght people; removinz the ooard from
under the residents was difiicult. It was nard to properily
position a resident cn the board. The board caused tissue shearing
when it was removed. The simulated residents found the becard scary
because there was ncthing for them to hold cnte; as & result, they
tended to grab -he =zssistants. Real residents would find it even
more lintimidating. The assistants felt zthat they had to be
extremely careful wizth this particular dZavice pecause of the

possibility of =Zesarirz —he rasident’s skin. The subjects also did
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not feel comfortable with the board because it was cumbersome Lo
use, i.e., placing a patisnt on the board and then mcving them.
Lift #1 - Generally, _ift #l was liked because it was easy to
use. The problems identiiied are described below. The knee pads
need to be closer to the 1ifting column sc the resident can De
correctly positicned back far encugh in a chair. Suppert arm bars
were too narrow and handle grips were not comfortable for residents

toc grasp. The two arm supports were so close that when the

residents were lifted up, the sling caused undue pressure on their

back and sides. The sling that went around the resident did not
have a safety belt. This i3 a serious safety concern. Nursing
assistants felt the sling was not eifsctive because a rssident that

gces limp or mcves their arms may fall. Attaching the Velcro belt
to and from the knee pads was awkward, and was also difficult to
remove because the assistants needed to bend down and reach behind
the legs to fasten or release it. The Velcro straps needed to go
arcund both legs and were difficul: zo fasten cecrrectly. The bed
was too close to the legs 2z fit the Velcro in between then, making
the leg straps very difficult o fasten. It would be better 1f the
strap or straps <£fastened In front of the legs. Cne nursing
assistant did not lixe <he way <the 1ift raised or lowered
residents. Residents were raised stralght up in the air. The l1ift
speed was slow due to the combined =ffect of low motcr speed and
the leng travel distance 2 zhe surport arms. The residents felt

very uncomfortable hanzing in the air for the relatively long

193
]

period of time. Some assistants fel- the lift was hard -o push and
that hooking up the 3ling *o =he machine was diificult =to

acccmplish due to the zcococrly designed support arm

Lift #2 - The nursing assistants felt 1ift =2 was =2asiest ¢



use. The walst belt made it safe Zor the resident. The loops made
it guick o hook up the sling to the support arms. Little farce
was nzezzd to perform a good, safe transfer. All assistants iiked
the =linz z2nd the way it lifted the resident. The lift was quite
mobiZs znd worked smoothly and rapidly. Nursing assistants liked
the ooue sling but not the open weave one. The sling may ze too
long Zor a skinny resident, but too short for a large resident.
Assistants had to lean a resident forward to attach and detach

sling straps when the sling was not long enough. The 1ift did not

dent far enough back in the chair. The hard metzl edge

wn
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around tne foot rest may injure a resident. If the lift got close
to ths residents' toes, the toes would catch under that hard metal
area cI the foot rest. Nursing assistants f£zlt the surface of the
foot rest shoculd be plastic without the hard edge on it, or that
rubber cr a foam piece be placed around it. The footplate needed
to have zhe ridge removed so one's feet did not drag with it as the

machine was pulled away. Assistants felt they could hurt their

backs Zue to the force required to use the handle to open the legs

of thz 1iIt base.

ZiFz £3 - This lift was guick, easy to operate, and mcpille.
The suzTozT arms were ToOo narrow and Too close to the resident’s
face The arms appeared to be coming straight at the resident’'s
face zn2 were frightening. The machine lowered residents too
quickly, leading to a feeling of insecurity. Some assistants felt
the s.ing attachments were bad because they had to bend too much to
placs -z siing around residents. The safety belt swung too Irfeely
when cuzTing it over a resident's head and at times accident_ v hit
the rzs-.dent in the head and face. This swinging belt created
proclsTs, zs th= belt was zttached to the machine and It was
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difficult to zttach and release the belt when the resident was
seated. The safety belt was hard to fasten when the arm supperts
were down. The safety belt also became tangled, slowing down the
use of device.

Lift #4 - This was popular because it was fast and easy o
use. The slinz was easy to put on the resident because it could be
removed from the unit. The sling was soft and comfortable while
still holding the residents well. The support arm bars on this
lift were a liztle bit long so residents needed to adjust their
hands on the =and hclds as they were being raised to a near
standing positicn. The relative long support arms also made them
go up and down z little bit too rapidly.

Lift #5 - The nursing assistants found it easier to hoock &
sling to this 1:ift’s stationary frame. The frame seemed very safe
because it did not swing. It was easy tc steer due to the design,
and number, c¢f wheels. The sling was too stiff and hard to get
under a resident, even with the resident's help. The sling was so
stiff that it got off center and it was very hard to use the handle
to pull the resident back into the chair. When lowering a resident
into the chair and pulling on the handle, cne's hand had a tendency
to poke into tne residents' backs. A softer and more pliable sliing
1s recommendez. Some residents complained their legs were rubbed
by the edge ¢I zthe sling no matter what size was used. The nursing
assistants ocssrved that the residents slid down into the sling,
almost like <hzv were sliding out of the sling.

Lift #6 - 3Zome assistants felt that - was prcbably the kest
pliece of eqguizment for a nursing home Zzecause of 1ts size and

maneuverabilizw. The lift provided betzar control while movin
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the resident with the mzachine becauss the resident was not swinging
around. A key factcr in its maneuverability was that nursing

assistants did not have te worry about the resicent swinging into

anything as the unit moved. Nursing assistants liked the way the
sling hocked on the 1.Zt becazuse the snap fasteners were easy to
reach and connect. The sling held the resident very well. The
tilting stick made 1t fairly easy to get the resident seated

properly; however, =the tilting bkar was hard Zor some nursing
assistants to push Zzwn because of their shoulder strength. The

leg pieces of the s5.ing were somewhat difficult to maneuver in

!

attaching them under = patient.

Lift #7 - This _.Z: was easy T2 operate. The pad around the
hydraulic shaft kept :the resident's legs from getting bruised. The
sling design made it zasy to attach. The 1ift was small and one of

the easiest tc move. The handle on the back of the sling was not

difficult to use in ¢ulling residents into good sitting positions.
The magnet con the powsr switch was very convenient. The assistants
did not like the swinging bars which made hooking up difficult and
allowed the resident z: swing freely. If a resident moved around
a lot, either the zssiszant or the resident cou.d get hit in the
head or face. Somet:72s, it was hard to contrel The resident in a

sling while turning =z-Z pushing the machine due =z the swing of the
suspender bars. The swinglng bars came too close o the residents'
faces when they were z2ing lowered iInto the chair. The boom was a

-ne assistanzts had to watzh the residents'

£

little bit short zan

feet to prevent thelr legs Zrom nitting the 11ft column. The

spreader bars and s:spenders need to be reevaluated. Some

residents found the 1.2t base adjustment handle hard to move,
Lift #8 - This _:%= was slow =3 use, harc o maneuver, and
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gensrally disliked. The 1ifting and lowering speed was too slow.

The sling was too long and could cause shearing on a patient®s

cuttocks when applied or removed. There was nothing sturdy for

s

ssidents to hold for security, so they would reach Icor something

zcle (like the nursing assistant). The power unit was too close

)

ct

resident's face while ccnnecting the loops to iz. The sling
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w&S TO0 restrictive in the groin area and some assistants felt that

tne sling was confusing with all its wvarious loops. Seating a

[P

rasident in an upright positicn back in the chair was somewhat hard
2z zchleve because there was n¢ handle.
Lift #9 - The sling was easy 0 put on a resident because of

he material and design. Seating in the proper position was not

ZZicult because there was z handle on the back of the sling. The

1t column, however, was tco close to the residents' lags and may

ey

ause contact bruises. The bars for attaching the siing to the

e

_1Zt contacted the 1ift bocm as the resident was rctated. This
_.Z- was hard to maneuver with weight on it because thz legs of the
_i1IZT base were too long and the suspender bars were swinging too

much. The wheels were alsc difficult to turn, and residents swayed

-2z much during the <ransier. The spreader bar ~ay hit the
rzzident's face, due to its lsngth. 3Some assistants Zz1:¢ that this
_iIting device was adegquate zut for some nursing facilizies 1t was
222 oig and bulky teo be used effectively. The strar cn the back

little too far down =o easily pull the residenz back in a

ol
Ly
37

Baseline and Walking Zelt Methods - Residents scmetimes felt

sl_znt pressure under <=<heir arms, but were not =xcessively
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uncomicrtable. They felt very unccmfortable when the two nursing
assistants were of different heights. There was no underarm force
when the walking belt was used on the residents; the walking belt
was mcre comfortable than the baseline transfer method. The
residents Ielt the belt also supportad the back.

Siiding Board - The sliding board had a very hard surface. It
was difficult to place the residents in a chair properly with the
board because 1t hit the wheelchair legs. This method of being
moved cculd be frightening to many elderly people and could not be
used unless a resident could and would cooperate. It was difficult
to remeve the board from under a resident in the chair and it hurt
the resident's puttocks. The residents twisted their backs during
a transfer and they felt as though they might £all off. Unless the
board was pcsitioned Just exactly right, it was uncomfortable; the
board vinched the residents' buttccks if not placed correctly and
their Zegs hit the board.

¢t #1 - The sling of lift #1 was unccmfortable under the

1,

arms and pressed too much on the small of the back because 1t was
tco narrcw. The belt occasionally slipped a little and the suppeort
arms were tToC close to the resident's face. The hand grips were
hard znd awkward to hold on due to their locaticns and
orientaticns. The lift went up and down too slowly. Residents
preferred a waist security belt to the one on this 1ift, which
hocked pehind the knees. When the arms were moved further apartg,
the belt was more comfortable and the arm support was not right in
the ZIZzce <I the patient. The sling tended *%c ride up on the
resident's back due to its design.

"ifz #2 - Residents liked this sling because 1t did not put

—_ e T
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pressure on their backs or under their arms, and was comfortabls
and secure because of the material, width, shape, and size of the
sling. The xnse pad was comfortable because the materials are scit
and the pad zccommodates the knees well. The handles were well
situated fcor =—he residents to grasp. Residents stated that the
sling did not ride up under their arms. The width of the suppcrt
arms was very good. The raised metal piece at the back of the foot

rest Is harc and could injure a resident's heels. Sometimes, the

1ift lowered the residents too quickly. If the assistant did not
explain why 1t was moving so rapidly, this could be frightening.

Iift #3 - The 1lift speed was good; guick but not jerky. Hand
grips were well positioned and easy to hold zut they should :z2
padded. The 1ift lowered residents far back into the chair. The
sling hurt the residents under their arms because it was too bulky.
The suppcrt arms were too close to a resident's face. Residents
complained thzt the sling was uncomfortable because it put all the
weight on =<ne small of the back. For some fragile arthrit:ic
elderly people this could be a problem.

Ift #4 - The sling was fairly comfortable. The suppert arms

£~

were well rositioned, not too close tc the rzsident's face, oz
arms were at croper level, and the lift raised smoothly. The siing
did nct ride uz under the arms, however, it did tend to rub in that
area. The nznd grips were not comfortable to hold, as they
changed orientation and residents needed to adjust thelr hancs
accorcingly. Wwhen the nursing assistant started to leower =
resident intc the chair, she felt as though the resident was goling
to fall. 7Thz sling was rough under the arms zand needs redesicn.
The nursing zssistants warned the residents before starting =t:
lower them tnzI the machine lcowered at a rapid pace. This helpsd
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in giving them a feeling of security. The fcotrest was not long

encugh in front; the teoces hit the metal end and could be smashed or

bruised.
Lift #5 - The residents gave this lift the worst comfort
rating of all methcds. The residents liked the stable frame to

which the sling was attached, as opposed 7o the movable (swinging)
metal bars on other 1lifts., The sling was too rigid to be
comfortable. The residents tended to slide in the sling as though
they were going to Zall out. Residents' packs hurt when nursing
assistants grasped the hand hold to lower them into a chair. The
head piece was zoo ~ard. The sling was very uncomfortable to the
pack of the thighs, znd it cut circulaticn tc the residents' legs
behind the knees. It was difficult for an assistant to seat
residents in the chair, and residents were not back in the chair
far enough to be comfortable. The sling also bound/cut the
residents' hips and ~urt the underneath part of the legs. _The hips
slid through too far, creating pressure on the back and top of the
legs. _

Lift #6 - The _ifting arm of 1ift 76 was very stable which
made the residents ZIsel secure. The sling cn the Lift held the
head and neck firmiyv and was comfortable axcept for the stays on
the head support wnich were uncomfortable 1f not positioned
correctly. The arm was stable and was not directly in the
resident’s face zs 1t was being hooked up. The leg pileces pressed
into the thighs and were uncomfortable. when the lift was tilted,
the leg pleces press=d into the resident's Lags. Residents did not
like the fact that =—ne metal frame came sz clcse to the body when
hooking the sling =z 1t. It is recommended +that the stays be
cadded. The metzl tar sometimes descended, -ouching the body. The
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ouckles on the sling hurt the back when the resident was rolled
into it,

Lift #7 - The padded zar on this lift made bumping into it
_ess dangerous. The sling was comfortable and was easily adjusted
‘n all respects. The siing did not seem to cut or bind any area of
~he body. Residents did not like metal bars coming so close to
~heir faces and there was z possipbility of hitting cne's feet on
“he machine when being turned arcund. Residents did not like the
swinging metal bars; they Iound them frightening. The sling did
not rise high enough =2 #asily clear the bed. The head piece
reeded careful adjustment cr it pressed on the head. The residents
Zelt that the sling swung —:o much during a transfer and they did
~ot feel secure.

Lift #8 - The sling of lift #8 was comfortable when adjusted
croperly. During lowering, the device frame came toc close to the
resident’s face. The siling was long so it was difficult toc remove

=~

a2fter the resident was ssated. The machine was relatively noisy.

The sling swung too freeslvy leading to a sense of insscurity and a
risk of resident injury. The sling material felt rough on the
skin.

Lift #9 - The rssidents found the sling fairly comfortabie.

“he sling swung too Zfresely and did not provide adequate neck

th

upport. The metal bars were frightening as it was perceived they

¢

could hit an assistant cr resident in the face. The siing was too
slose to the lift column which could be struck be scme part of a
resident’s body. The stavs on the head support were too close
-sgether, and the suspendsr bhars were too close to the face and

.

spper body during sling zttachment and resident lowering. The
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lifting arms were too flexible and as the machine went one way, the
resicsnt swung the other way. When the lift was moved away, the
assiszant needed to be careful to avoid hitting a resident in the

face,

LIFTING RESIDENTS UP IN BED

Biomecnhanical Analyses - Lifting a person up in bed has been
implizzted in the literature (Jensen et al., 1989) as a primary
cause cf back injuries in health care personnel. This part of the
projezt inveolved analyzing two methods of performing the task

fusinz a drawsheet and the Magic Sheet®).

ursing assistant specific anthrcpometric data were used as
input <o the biomechanical model =0 obtain results. The
biomeznanical measures are summarized by method in Table 33. The
mean, standard deviation, and range for trunk flexion angle, trunk
laterz. bending, trunk rotation angile, oercentages ©of the
populztion capable of performing the tzask, zand back compressive
force zre presented in the table.

wnile using the drawsheet, the mean trunk flexion angle was
’ pod

Cre e

29°, <ne mean trunk rotation angle was 7% and the mean trunk
laterz. pending angle was 8°. The mean hand Zforce was 216 N and
the —zan back compressive force was 3231 . The mean back

comprzssive force was slightly below the action limit {2,400 N)
estar’ished by NIOSH (1981, 1391), but 30 rpercent of the data
excezzzZ the NIOSH limit. The mean percentages of the pcpulation
capacl:z of performing the task were 73, 29, and 43 percent ased on
torsc szrength, hip strength, and the minimum of all body joints,

98



respectively.

Psychophysical Assessment. The ratings of psychophysical exertion
pny g

are summarized in Table 34 for both resident-repositioning methods.

The mean, standard deviation, and range of ratings of perceived
_ower back, and whole body

exertion at the shoulders, upper back,

are presented In the table.
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Table 33 Summary 2I Biomechanical Measures for Lifting Residents
up in Zsd (Both Residents) (N=40)
Drawsheet Technique ]
Yean Standard Range
Variable deviation
Trunk flexion 59 9 40-78
angle (°)
Trunk lateral 8 5 0-22
bending (°)
Trunk rotation 7 5 0-20
angle (°)
Hand force (N) 256 40 89-328
% Capable! 73 20 18-95
(Torso)
% Capable* 59 24 7-88
(Hip)
% Capable® 43 26 6-87
(Minimum)
Compressive 3231 544 2236-4515
force (N)!
% Capable? 79 11 49-95
{Torso)
3 Capable? 63 18 30-89
(Hip)
% Capable? 47 23 7-87
(Minimum)
Compressive 2071 418 2289-4110
force (N)?
Using the sgecz:fic height, body weight and gender of the
nursing assiszznts.
: Using the h=2i:z=t and body weight of 50% male and 5C% female
but gender ¢I The nursing assistants.
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Table 34 Ratings of Perceived Exertion for Lifting Residents up in

Bed
Ratings ¢ perceived exertion

Method N Shoulder Upper Lower Wheolie
Jroup cack back boay
Drawsheet 20 11.1#2.1% 11.1£1.7 11.742.0 11.322.1

(2)° (7-15)~ (8-15) (7-15) (8-106)
Magic Sheet 18 9.4%+2.1 8.91.9 8.8%£1.8 8.9£1.8

(1) (6-13) (6-12) (6-12) (7-12)
Significant Yes Yes Yes Yes

difference’

Mean and standard deviaticn of nine nursing assistants and two
residents. ‘

- Number of nursing assistants required by the transfer method.

* Range of the ratings.

* Mean ratings for the drawsheetr and the Magic Sheet are
significantly different {p < 0.01).

For the drawsheet technique, the mean RPE values for the

shoulders, upper back, lower back, and whole body were 11.1, 11.1,

11.7, and 11.5, respectively. In <contrast, the Magic Sheet
received RPE values of 9.4, 2.9, 8.8, and 8.9, respeczively. The
viagic Sheet 15 clearly cercsived as 1=3s stresstful.

five-point

i

Zase of Use Ratings. The nursing assistants used
Lixert scale for their ratings. The mean ratings Zor the drawsheet
cechnique were 2.6 and 1.8 for the Magic Sheet., Table 35 shows
=hat the minimum rating was 1 for b»oth technigues, while the

maximum was 5 for <the drawsheet zand ¢ for =the Magic Sheet

)]

~zchniques. There was 2 significant difference in the mean ease of

ise ratings between the two methods.
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Table =5 Ease of Use Ratings Zor Lifting Residents up in Bed

Methcd N Mean Standard Range
rating* deviation

Drawshest 20 2.6% 1.1 -5

Magic Sheet 18 1.8° 0.9 1-4

* The nursing assistants rated from 1 for extremely easy to 5 for
extremely difficult; and mean ratings with the same group label
(A cr 8) are not significantly different (p > 0.05).

Metheod freference. The nursing assistants' preference ranking is
summarizsed in Table 36. The table shows <that both techniques
received ratings c¢f 1 and 2; iIndicating that each method was

preferred by some nursing assistants. The difference in rankings

was not significant.

Table 32 Method Preference for Lifting Residents up in Bed

Methecd N Mean Standard Range
ranking- deviaticn

1.¢2% 0.5 1-2

Magic ZSheet g 1.z2° 0.5 1-2

The nursing assistants ranked from 1 for the most preferred
metnzd to 2 for the least preferred method; and mean rankings
with the same group label 3 or B) are not significantly
diffzrsnt (p > 0.05).

_——=T
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Task Performance Time and Nursing Assistant Work Time. Task

performance znd nursing assistant work times for lifting =he

residents ug in bed are summarized in Table 37. The mean task

1

performance z:ime was 35 seconds (range 24 - 57 seconds) using the

drawsheet methcd and 28 seconds (range 13 - 41 seconds) using th
Magic Sheet m=thod. The difference was significant.
The drawsheet method regquired two nursing assistants, so work

time was doucls the task performance time, or 70 seconds. This is

tth

also significzntly longer than the nursing assistant work time ¢
28 seconds ZIor the Magic Sheet, There was no significanc
difference in zhe task performance and nursing assistant work times
between the n=zazvier and lighter residents. The time required to
make the bed with either sheet 1is not considered, nor is the time

required to iInstall the Magic Sheet mechanism.

Table 37 Time to Lift Residents up in Bed

Methed N Mean Standard Range
time! deviation

Task Performzrce
Time ({seconds

Drawsheet 10 354 iz 24-57

Magic Sheect 18 288 3 13-41

* Mean task csrfiormance times or mean nursing assistant work times
with the szme group label (A or B) are not significantly
different = > 0.05).

-

Bed Heignt =:razrference. Correlation analysis was performed =:c

correlate tre zed height preferred by the nursing assistants and
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the biomechanical and csychophysical measures for lifting residents
up in bed. No signiZicant correlation was found. Correlation
analysis was also perizrmed to see whether the bed height preferred
by the nursing assistants correlated with the height, shoulder
height, elbow neight, hip height, and knee height of the nursing
assistants. Although 1o significant correlaticns were found, the
subjects generally preferred the bed lower for the manual transfers

and higher for the mechanized transfers.

Resident Comfert and Security Ratings. These ratings by the
residents are summarized by resident-repcsitioning method in Table
38. The mean comfcrt rating was 2.1 (range = 1 - 3) on a five-
point Likert scale using the drawsheet technique and 1.1 (range =

1 - 2) using the Magic Sheet.
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Table 38 Comtort and Sscurity Ratings for Lifting Residents up

in Bed
Method N Mean Standard Range
rating- deviation

Comfort Rating

Srawsheet 10 2.1% 0.6 1-3
Magic Sheet 18 1.1° 0.2 1-2
Security Rating

Drawsheet 10 1.9% 0.6 1-3
Magic Sheet 18 1.12 0.2 1-2

The nursing assistants rated frem 1 for extremely comfortable or
secure to 5 for extremely uncemfortable or Iinsure; and mean
comfort or security ratings with the same group label (A or B)
are not significantly different (o > 0.05).

The mean security rating was 1.9 (range = 1 - 3) using the
drawsheet technique and .. {range = 1 - 2) using the Magic Sheet.
Scth differences were statistically significant. The residents
Zzlt much better when repcsitioned with the Magic Sheet.

NURSING ASSISTANTS’ COMMENTS

The nursing assistants Zelt the drawsheet technigque was simple
o perform under any condizion. They alsc felt that the drawsheet
could be used easily at rzme. The Magic Sheet was the easlier to
.se because Lt relied prirmzrily on a2rm strength.

Nursing assistants Zz.: that the Magic Sheet was an excellent

device for people who slid Zown in zed. It was also extremely easy
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to move z person up in bed. While i1t seemed easy to use, under
some canditions it could be more difficult to use than manual

PR

lifting. This difficulty could arise from tangled sheets and
keeping z resident in the center of the bed. The assistants had
some =trzin on their shoulders and lower backs; and there was extra
bending znd straightening after it was used.

Cne nursing assistant felt that the Magic Sheet worked like a
breeze, znd would bear up well in long term care. If the Magic
Sheet nzd a crease in it, it could cause pressure folds against the
skin cI z resident. If a person perspires a lot, then the sheet at
the 2z will be wet and should be cbmpletely removed as soon as
pessiz_.=. The absorbent sheet also needs to be removed. Another
big rrcblem in use of the Magic Sheet 1s with a person who is
incontinent. A sheet could not be placed at the bottom of the bed
and rciled. In addition, there are times that pads will not
absorz zi11 dampness and the bed would be wet. When this sheet is

used, 1 would need to be cleaned as well as the mattress. In
these czazses, this sheet would cause more bending, stretching, and
lifting zhan it was worth. All of these conditions take additional
time.

Znus, while it has a high u=tility in some situaticns, i1ts
potentizl use must be carefully evaluated as described above refors

a decision is made to install it.

Residenzs' Comments. The drawsheet technique sometimes Jjerks the

residents' backs, and they occasionally ZIelt that the nursing
assistznts' knuckles were pressing against them as they were >ifted
up. This technique was Jjarring and residents felt some
apprerzsnsion beiore being lifted tecause they were not sure <I the
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cutcome.

The Magic Sheet was very simple and comfortable and residents

had no feeling cof insecurity with its use.

STRENGTH TESTING

A correlation analysis was performed o correlate the strength
of the nursing assistants and the biomechanical and psychophysical
measures for transferring residents from bed to chair and lifting
residents up 1in bed. No significant correlations between the
strength of %the nursing assistants and the biomechanical and
psychophysical measures were found. However, the weaker subjects
consistently rated the tasks as being more stressful while the

stronger subjects consistently rated the tasks as less stressful.

PILOT STUDY RESULTS - FIELD USE OF LIFTING DEVICES IN A NURSING

HOME

This study was designed as a laboratcry evaluation of patient
handling devices, and it included a comfcrt and safety evaluaticn
by the patient subjects. While this evaization is helpful, it is
not the same zs naving actual nursing ncme residents perform the
safety and comiort evaluation. A field evzliuvation of this type was
NOT a part of this project or contracs, but as the study
progressed, it became clear that a small Zizld/pilot study might ke
helpful in understanding the true functicrnality of the devices.

A number of local nursing homes were contacted and one was
identified which was willing to particivate. The participaticn

the four brands cI

th

consisted c¢f ailowling the manufacturers c

lifting devices to come into the nursing ncme and train the nursing
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personnel designatea py the home as participants. Ten personnel
received training, zithcugh not all ten participated on a day-to-
day basis. Since thlis was a volunteer effort by the nursing home,
all nurse and resicsnt activity was “at the convenience of the
nursing home”.

Cnce the gerscnnal were trained, they began using the devices
on selected nursing -~cme residents. The nursing personnel were
interviewed periodiczily to determine their response to the use of
the devices - physically easier or harder? functional? possible

improvements? residsnt response? time required to use? other

comments. In eadditizn, where it was feasible, the residents were
interviewed as well. The data zathesred were descriptive 1n nature,
and it does not cover all perscnnel or devices. As indicated it

was a “sample of nursing home convenience”.
The balance c¢f this section summarizes the results of the
pilot study. The summary is presented as a series of short

statements or discussions about topics that were raised by the
nursing personnel anc residents.

One interesting cutcome cf the pilot study was a change in the
pack injury razs. Historicallw, this nursing home had & number cf
lost time back injur:zs each menth. During the period of the pilot
study - about Zour ~onths - there were zero resident handling

related back injuries in the ncme. This serves to further support

the study’s conclusicn that the use of handling devices will cause
a drastic decrease in the resident handling related back injury
frequency among nursing gersonnel in nursing homes.

The most notabl:z ccmment made by the nursing personnel was
that using the 1ifti-z devices resulted in a significant reduction

_————

in physical fatigue zvar the werkdav. This comment is particularly
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_mportant because basic ergonomics nas taught us that as people
Zatigue they become more vulnerable to sudden movement injuries and
workpiace behavior changes. These kehavior changes include taking
short cuts, leaving work incompletely done, and trying to force
znings by jerking on them. In addizion, as pecople fatigue, they
change the manner in which they interzct with others - in a nursing
~ome, the residents in particular. Comments more specific to the
iifting devices follow. The ratings are on a five point scale with
Zive peing the best score.

STANDUP LIFT #1. Resident. Security rating, 4.9, comfort
rating, 4.2. Comments included: I crefer this to device #2; this
is less scary than device #2; 1t =~urts my back just like the

hers; and, I like it best. The oniy staff comment was it needs

t

a leg restraint strap to keep the resident’s feet on the hoist.

STANDUP LIFT #3. Resident. Security rating 4.2 znd comfort
rating 3.6. Comments include: it Zzels more stable than #2; its
worse than #2; the sling really pinches me under the arms; the
sling is too hard; it hurts my back zZut not as much as the others;
T like it best; I like it better zThan #2; and, there was one
resident who Just screamsd the whol=2 =—ime she was in it. There
were no staff comments.

STANDUP LIFT #2. Resident. Zecurity 4.0 Comfcro 3.7. It

~urts under my arms; it feels like I’m hanging here; it doesn’t

crovide enough support; and, its ok. 3taff. Lift belts are wider
—=an nost and are more cocmfortable; _1Zt belts have a safety strap
=2 prevent the belts freom sliding up 12 residents raise zheir arms;
znd <he base leg adjustment is fairi- =asy.

STANDUP LIFT #4. Resident. <Security 4.0 Comfcr:z 4.0. It
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reaily pinches under my arms; and the l1ift arms are low enough for
me to reach - this helps me feel more stable. Staff. The 1ift
strap was toco narrow and residents complained of back pain, if
resident raises their arms, the strap will slide up their back and
they will fall out of strap; the base legs were hard to adjust.

BASKET LIFT #1 . Resident. Security 3.4 comfort 3.6. It
jerks me every which way; it sways too much; I like #3 &4 better:;
it hurts when they positicn the sling:; and, the sling hurts my
legs. Staff. The slings sometimes slide up the resident’s back
making it easier for them to fall out; combative residents may
escape from the sling by thrashing around; it was hard to maneuver
when a resident was in it.

BASKET LIFT #3. Resident. Security 3.8 Comfort 3.8. I like
it; and, it doesn’t hurt much. Staff. The unit was hard to
position around some beds.

BASKET LIFT #2Z. Resident. Security 4.0 Comfort 4.0. It was
very comfortable; one person went to sleep; it makes the move real
easy; and, once I got <control, I wasn’t scared any more. Staff.
Base legs are easy to adjust; sling design i1s very secure and
combative residents will not £all out; is easy to maneuver with a
residant In the sling; manulacturer support was readily available;
sling attachments provide for different ways of attaching - this
allcws any type of resident to be comfortably handled.

BASKET LIFT #4. Resident. Security 3.4 Comfort 3.0. It
hurts behind my knees; very uncomfortable - get me cut of the
sling: one resident slapped repeatedly at the sling expressing
discemforz. Staff. It is hard to position the person in the chair
correctly with this one; the sling design makes it very unlikely a

resident will fz11l out; it seemed very easy to push with a resident
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in the sliing; the single sling attachment method is simple to use,
but not flexirle enough to comfortably handle all types to
residents; and, the sling tends to squeeze hips very uncomfortably.

Overall, nursing staff preferred manufacturer number two’'s

devices pecauss they were easiest to use and the residents seemed

to react most Iavorably to them.
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CONCLUSIONS AND RECOMMENDATIONS

The purposs of this research was to evaluate resident-handling
orocedures to determine which procedures result in reduced
ciomechanical zand/or psychophysical stresses to nursing personnel
performing these tasks. This section of the rzport divides the

conclusions and recommendations into task specific areas.

Resident Transfsr. There are a number cf factcrs that need to be
examined when evaluating resident transfer method. These include
chysical stresses <o nursing personnel (bicmechanical and
osychophysical), resident <characteristics, resident comfort,

resident securiiv, and the time required to make a transfer.

Physical Stress - Biomechanical Evaluation. Gagnron, et al. (1986)
studied three lifting techniques and estimated that the compressive
force on the 13/S1 disc ranged from 5744 N to 7351 N while one
person assisted a 72.¢6 kg manikin from a wheelchzir. Garg et al.
{1991la, 1991b) =valuzzed five manual techniques znd three hoists
Zor transferring patients from bed to chair, and rsported that the
rack compressive force was over 4,300 N when -he resident was
_ifted from the zed Tz the chair. In this study, the average back
compressive fcrce for the nursing assistant lifting the resident's
~orso when two nursing assistants rotated the resizZsnt to a sitting
cosition on the edge cf the bed was 3,487 N (range = 2391 - 4999
N). This force slightly exceeds the NICSH acticn limit (3400 N).
Clearly, nursing perscnnel are exposed to excess.ive bilomechanical

stress when performing resident transfers withcut an assistive

device.
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2aseline Method and the Walking Belt. Garg et al. reported that
pack compressive forces were about 2000 N in the case of the two-
person patient transfer with the previous model of the walking
pelt. This force 1is less than the 4300 N compressive force
associated with two-person manual lifting {Garg et al., 1991a,
1981b). In drawing the above conclusicn, Garg et al. assumed that
the residents had achieved a sitting position on the edge of the
bed, which ignores the stressful activity of sitting them up in
bed.

In this study, the task was to transfer a resident from a
supine position on the bed to an upright position in the chair.
The rcaseline transier and the walking belt methoeds both required
rotating the resident to a sitting position on the edge cof the bed.
The associated back compressive force exceeded the NIOSH action
limit. The back compressive forces while standing the resident up
were 2703 N for the baseline method and 2660 N with the walking
belt - an insignificant difference. Even though the difference is
small, the walking belt still gives the health care personnel much
petter control of residents - particularly those whe are unstable.

This extra control greatly reduces the risk of a sudden movement

R Y |

Zasket-sling and Overnead Lifts. Resident movement with the
sasket-sling and overhead Lifts has two ©phases: resident
preparation and resident cransfer. To prepare a resident, a

~ursing assistant rolled a resident onto their side to place the
sling underneath the resident. This activity was biomechanically
evaluated in this study. To 1ift a resident the nursing assistant

used The handset to operate zhe 1ift devices to lift a resident out
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of the bed and lower her/him into the chair. The bésketwsling and
overhead lifts can be used for almost any residents.

This study found that the average back compressive force,
during resident preparation was 2,951 N when the resident was
rolled toward, and 2,698 N when the resident was rolled away from,
the assistants. These forces are about 15% and 23%, respectively,
smaller than the force ‘3487 N) associated with the baseline
transfer. Zt is clear that the basket-sling and overhead lifts
significantly reduce the Dpilomechanical loading on the nursing
assistants residents during residents transfer.

The mzanufacturers c<¢f the basket-sling and overhead lifts
recommend TRat nursing personnel either roll the resident away from
{push) or tzward them ({pull) before placing the sling under the
resident. Zased on the biomechanical results, nursing assistants
should recll the resident away from them by pushing. On beds
without siderails, nursing personnel could have better control of

the residents 1f they rcll the residents toward them.

Stand-up Lifz and Sliding Board. Resident movement with the stand-
up 1ift and sliding board is also divided into two phases: resident
preparation and resident transfer. Resident oreparation required
a single nursing assistant o rotate a resident to a sitting
position. ZXesident transfer regquired the nursing assistant to use
the handset -o 1lift the resident out of the bed and lower her into
the chair, Zor a sliding board transfer, placing a walking belt

around the lower abdomen/hips of the resident and placing the seat

of the boarzZ under her. The nursing assistant then glided the
resident slzwiy across the poard to the chair. No biomechanical
evaluation was nerformed Ifor this phase. The stand-up lift can
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only pe used for welight-bearing or partially dependent residents.
Even when the sliding board is used for a transfer, the
lifting during the second phase of the manual lifting technique

(activity #2) is eliminated along with its biomechanical loading.

Other Activities. Setting the resident in the chair required the
nursing assistants to pull the resident back into the chair using
a handle on the sling. There were significant differences in the
pulling forces among the different basket-sling and overhead lift
devices.

The study also found that the maximum pushing force required
to move the lift devices was 59 N and the maximum turning force was
52 N. These forces are well within the reak pushing strength of
186 N reported by Snock, 1991,

In summary, the use of all assistive devices resulted in a
reduction of biomechanical stress to nursing personnel performing
bed to chair transfers of residents. The raduction will be more or
less depending on the particular type of device used, the resident
characrteristics and behavior, and the lifting situation.

In addition, the use of the devices virtually eliminates the risk

the most ccmmon causes of nursing assistants’ injuries -
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the sudden movement injury which can occur if the resident loses

n

their balance. ~Zinally, the use of devices eliminates the lifting
(standing up) of the resident which eliminazes at least one half of

the back injury exposure due to resident nandling.

Physical Stress - Psychephysical Evaluatiocon. The 1ift devices
require relatively small forces for operztion. Their use for
resident transfar will reduce physical stresses to nursing
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cersconnel. However, Garg et al. reported (199la, 198ib) that the
ohysical stress RPE ratings for two out of three hoists were as
nlgh as the stress ratings for manual transfers. In his study,
cne hoist required a jerky pumping acticn to raise and lower the
acist, and some subjects Zound it toco hard to pump and steer the
noist. The subjects also had difficzulty in applying the sling and
nooking the sling to the hoist due to its short leg straps and
nooks. It was concluded that some hoists may result in greater
vercelved stress (hassle! to nurses as compared to some manual
Techniques.

This study had similar results with respect to perceived
stress. Some devices received pswvchophysical stress ratings as
nigh as the baseline transfer methed. The high stress ratings for
some devices may have been caused oy the postural stresses which
result from sub-tasks such as placing and removing the slings from
underneath the patient, attaching slings to the 1ift, maneuvering
and steering the 1lift to the chaixr, etc. It could also be the
result of the greater complexity cZ the activity; i.e., there are
cnly a few steps in the manual transfer method, while the device
~ransfers reqguire the nursing assistants to remember and do a
~umper of things. This cculd resulz in a percepticn cof "hassle”
wnich, <ould translaze 1nto a higner stress rating. The better
osychophysical sesvaluaticns found In this study are due to the
zaechnical improvements in device <dessign and operation that have
cccurred since this stucdv. For =xample the hydraulic pump in
Sarg’s study has been replaced by an electric moter, and the slings

nave pbeen redesigned to maxe them zzsier to use.

Resident Comfcrt and Security. In Garg’s study, the two-person



walking belt techniligue received high pazient :omforf and security
ratings, while two of three hoists received fairly low ratings
(Garz =t al., 1981z, 1991b). In this study, the residents’
subjeczive evaluaticn of assistive devices comfort and security was
favorzanle. The walking belt was statistically more comfortable
than the baseline transfer method. The security ratings indicated
that the sliding bozrd and basket-sling and overhead lifts were
statistically less secure than the baseline methed, stand-up 1lift,
and walking belt.

The residents were concerned about the swinging of the sling
durinz transfers with the basket-sling znd overhead lifts. As a
resu_z, their subjec:tive security ratinzs for these lift devices
were rzduced.

fotential users of these devices snhould experiment with them
in their facility to determine resident resacticn. If residents are

uncomiIcrtable or insecure in the device, they will make device use

such = hassle, that 1z will end of its cwn accord.

TransZzr Time. Previzus studies found that one of the reascns for

not using patient-handling devices i1s =—hat they require too much
cime =11, 1984; COwen, 1888, Takaia and Xukkcnen, 1987). Without
adeguzte staffing, the additional time may Zinterfere with other

funczTizns that nursing personnel perform.
Liditional time is needed to use =he assistive devices as

compar=d to manual lifting. Takala and Xukkonen (1987) reported a

transfzr time of 120 to 130 seconds with a n~oist. Bell {1984)
repcrz=d 295 seconds and Garg et al. (1%31a) reported times of 124
to 1:2: seconds. The additional time tc use a two-perscon walking
pelt, zs compared t2 the manual lifting method, was 23 seconds
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(Garg et al., 1991a).

In this study, the task performance time for the basket-sling
lifits ranged from 257 to 324 seconds and ZIrom 207 to 235 seconds
for the stand-up lifts. It took 63 and 132 seconds to transfer
residents from bed to chair with the baseline and the walking belt
metheds, respectively. The additional task performance time to use
a two-person walking belt, as compared to the baseline methoed, was
69 seconds.

Carlson (19288) reported that nursing zides working in teams
of two made zan average of 38 patient transfers per shift using the
manual lifting method in a nursing home. These transfers would
require a total of 80 minutes assistant work time., The additional
nursing assistant work time per transfer or per shift is summarized
by the method group in Table 39. The additional %total nursing
assistant work time would be 87 minutes with the walking belt
method, 86 minutes with the basket-sling 1ift, 125 minutes with the
overhead 1ift, 58 minutes with the stand-up 1ift, and 22 minutes

with the sliding board. These additional nursing assistant work

team of two

fu

times were calculated rkased on the work _oad of
nursing aides working Zocr cne shift. These addizional times

epresent a maximum incresase in the amount of nursing assistant

ry

time. They do not consider the time saved &y the use cf services -
for example, the devices can save time In transit because the
residents cannot walk as fast as the devices can meve them. It
also does not consider the fact that not 2.1 of the =—ime spent on
use of assistive devices is lost time - for sxample when a nursing
assistant approaches a resident, there is generally a period of

time during which the people talk. This talking can occur

simultaneous wita the application of the devices. In actual fact,
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the extra work times In Table 389 significantly overstate the actual
lost time - probably by a factor of two or more. Furthermore, the
whole body fatigue rsduction that cccurs when the devices are used
is not considered. The effects of this fatigue could include
skipping some work, working in a less thorcough manner, becoming
rough with the resicsnts, and working more slowly at the end of the
shift.

The 38 transfers require only 80 minutes of total nursing
assistant work time, which accounts for only eight percent of the
total work time ZIZor 2 team of two nursing assistants. It takes
more time to use the _ift devices than the baseline method, but the
nursing assistants In this study f£=2lt it was a worthwhile tradeoff,
that 1t would be saZer for them and the residents, and that it

would not be a reascn not to use the lifting devices.
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Zable 39 Additional Nursing Assistant Work Time Reguired by each
Metnod Group

Nursing Additicnal Addicional
assistant time per time zer
“fethod work time transfer shifz
Iroup (seconds) (seconds) - (minutes)?
Saseline method 126 - -
(2)°
Walking belt 264 138 87
(2)
3asket-sling 1ift 261 135 86
(1)
Zverhead 1ift 324 198 125
{1)
Stand-up 1lift 217 91 58
(1)
3liding board 176 50 32
(1)

- The additional nursing assistant work time per transfer 1is
calculated by subtracting the nursing assistant work time for
the baselins from zhe nursing assistant work time for a given
method group.

- The additicnal nursing assistant work time gser shift 1is
calculated oy multiplying the addizional nursing assistant work
time by 2%2; then divided by 6€0.

Number of rnursing assistants reguired by the transfer method.

Cevice Preference. When all methods were considersd, the nursing
zssistants preferred 1ifts #6 and 7. The baseline transfer,
walking belt, sliding toard, and l1ift #8 were the izast preferred

T2theds.

The analysis of the nursing assistants' prefersnce of method

zata by methcd group indicated that the nursing assistants

creferred the sasket-sling and stand-up l1ift groups <o the other
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method groups.

Reccmmendations Regarding Effective Procedures. Table 40 gives a
qualiitative summary of eight criteria the authors develcped and
used o evaluate the 12 methods of transferring residents from bed
to chalr. The table shows that the walking belt and lifts #2, 4,

6, and 7 are the five methods which satisfy all the criteria except

[0

transfer time. Table 40 shows that Lifts #2, 4, 6, and 7 not only
reduced biomechanical and psychophysical stress to nursing
personnel, but were also preferred by the nursing assistants.
Comments of the nursing assistants and residents were also
favcrable. Lifts 3 and 5 need o be improvea with regard to the

cemicrt cf residents, while 1ifts #1, 5, 8, and 9 need to address

the ssue of ease of use.
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Table 40 Qualitative Summary of Different Resident Transfer Methods

Walking Sliding

Criteria belt board Liftl Lift2 Lift3 Lift4 Lift5 Lifte Lift7 Lift8 Lift9
Biomechanical | Y Y Y Y Y Y Y Y Y Y
stress
Perceived Y bl Y Y Y Y E Y Y E B
stress
Resident Y E E Y N Y N E Y E E
comfort
Resident E N E E E E E E E E E
security
Ease of use E N N E E E N E E N N
Method E E E Y Y Y Y Y Y E Y
preference
Transfler N N N N N N N N N N N
time
Favorable Y N B Y E Y E Y Y E Y
comments
Notes: All techniques used one nursing assistant except baseline method and walking belt.
N = relatively high stress or unfavorable ratings as compared to the baseline transfer
E = no difference between a technique and the baseline transfer

Y = relatively low stress or favorable ratings as compared to the baseline transfer
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Lifting Residents up In Bed. A Dbilomechanical evaluation by
Lindbeck and Engkvist (1993) evaluated two methods of moving a
patient up in the Ped: pulling the sheet with both hands and
pulling the sheet with cne hand while the other hand was held under
the patient's shoulder. The estimated hand force in that study was
about 150 N for both methods. Low back compressive force was not
estimated.

In this study, the mean hand force of 256 N, is considerably
larger than that reported by Lindbeck and Engkvist (1993). The
difference 1is procbabkly explained by the 1lifting and pulling
compbination. In this study, the residents were lifted up in bed,
while in the work by Zindbeck and Engkvist, the patients were
pulled up in the bed. This study found that the mean back
compressive force was 2231 N when the nursing assistants lifted the
residents up in bed with the drawsheet technique. This was
slightly below the NIOSH action limit (3,400 N).

For the Magic Sheet, there 1s no lifting activity involved
with the task performance; 1nstead, nursing assistants rotated a
handale to roll the residsnts up in bed. Each rotation cycle of the
nandle consists of pusihing the handle down and pulling the handile
ap. The Zorce assoclated with pulling the nandls up was measured.
On the average, %the nursing assistants exerted z force of 55 N to
roll the residents up in bed. This was significantly smaller than
~he drawsheet hand forcs (236 N).

In summary, the =m2an Ftack conmpressive ZIZ:crce for l1ifting
residents up in bed was slightly below the NICSH action limit;
nowever, 30 percent of zhe data exceeded the NIOSH limit. The use
of the Magic Sheet resulted in a much smaller hand force than the

drawsheet *“echnique, and virtually eliminates the well known risks
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of lifting - residents or anvthing else. In addition, use of the
Magic Sheet virtually elimirnates the risk of sudden movement injury

due to the “jerk lift” commecnly used with the drawsheet.

Zsychophysical Zvaluation. In this study, the mean RPE values for
the shoulders, upper back, lower back, and whole bodvy when the
drawsheet technique was used were significantly higher than the

mean ratings for the Magic Sheet method 1in each of the

corresponding body areas.

Resident Comfort and Securi:ty. The residents' subjective responses

©o the comfort and securiz,y of the =-wo methods were generally
favorable; however, comfort ratings indicated that the drawsheet
technique was less comfortatcle than the Magic Sheet. The security
rating indicated that residents considered the drawsheet technigue
less secure than the Magic Sheet. Residents were lifted up in bed
in a rapid motion with the drawsheet and if nursing personnel did
not lift the resident upr %tc & proper position In bed, the
resident's head would at times hit the headboard. With the Magic

4 up in bed and did not fear

4]

Sheer, the residents were slcwly roll

nat theilr heads would be rniz.

Tasx Performance Time. In zhis study, the mean task performance

time using the drawsheet =—=thod (23 seconds) was significantly

[N

—

longer than using the Magic Sheet (28 seconds). Since <the

drawsheet method reguired =wo nursing assistants, the nursing
assistant work time Ffor =the drawsnhset was 70 seconds. Once
installed, which will take scme time, the Magic Sheet was found o

asier and faster.

Te

[(]
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Methecd Preference. The mean rankings for the drawsheet technique
and the Magic Sheet were nct significantly different (1.6 and 1.4
respectively). Those nursing assistants who did not like it felt
that ZI1ts usefulness in a nursing home was questicnable for the
reascne creviously indicated. As indicated, this device appears

to have excellent utility in selected circumstances.

EFFECTIVE PROCEDURES - RECOMMENDATIONS TO THE MANUFACTURERS
Resident and nursing assistant assessments of the assistive

devices under consideration were generally favorable, however,

design rcroblems were identified with all of the devices. The

roblems described zpply to one or more of the assistive devices.
o DoLY

1. The sling is connected to the suspender bars, and on some
basket-sling lifts they are too flexible and swing or move

arcund teo much during a transfer. This swinging creates

Fh

eselings of insecurity. In addition, this led the nursing

assistants to feel that the devices were hard to maneuver

because as they pushed or turned the devices one way, the

ent swung Ln another direction. Under these conditicns,
ccmbartive rasidents can hurt themselves znd/or the nursing
cerscnnel. The manufacturers should svaluate theli devices to
insure that the sling sway is well contrciled.

2. On one of the 1ift devices, if the boom (frame of the lifz! is

in the high position, the sling supperts contact the boom and

Lne resident <cannot be rotated. The manufacturer srould
eva_.ate the kbcom to insure that the sling supports can rctate
s gl e wr

125



[}

[en}

One 1lift device has & tilting frame which is hard to push,
especially when there is a heavy residsnt in the sling. If it
is too lcose, the stability of the res:dent will be affected.
If it 1is toco rigid or stable, nursing personnel will be
exposed to nigh biomechanical and perzsived stress.

The residents did not like the stays in the head support of
some slings. If the nursing persconnel do not place the siing
and head support in exactly the right place, the resident's
head wiil be hurt or be uncomfortable. Manufacturers should
evaluate their head supports for heac and neck comfort, and
insure the stiffeners do not cause pain or irritation.

The handle on the zack of some slings 1s not positioned
properly. The handles are tco low and the nursing assistants
cannot easily grasp them when the resident is pulled back into
the chair. The handle position causes large pulling forces in
an awkward pocsture. Manufacturers shculd evaluate their sling
designs to insure easy accessibility o sling controls, keep
use force low, and tc insure they are “unctional for a variety

of chair types.

The support arms of some stand-up liZIzs are tco narrow. If
the nursing assistants are not careiul, the arms may hit the
residents in the crCace. The manufacturers should consider

locating the two suppcrt arms Ifarther zpart.

On one lift, the sling is permanently z:ttached tc the 1ift and
nursing assistants had difficulty in plzacing this sling around
residents., The safety belt design fcrzes nursing assistants
to bend down o fasten the safety bel:z, removable slings allow
the nursing assistants to use good bocd, mechanics to place the

slings on <the residents, thereby raducing ~igh postural
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stress.

The space between the arm supports of one stand-up lift is
too small, and zhus as the resident 1is lifted, the sling
causes undue pressure on the resident's back and two sides of
the trunk. The manufacturer should evaluate this situation to

improve the safett and comfort of the residents.

One stand-up lif: does not have a safety belt. This is a
dangerous situatizn. In this 1lift, if a resident suddenly
collapses or liIzs their arms, they will <fall. A well
designed safety =z=2lt will prevent them from falling. The

manufacturer shou’d evaluate their hoist to determine the best
way to add & slinz.
Some safety belis are very time consuming to fasten or

release. The nursing assistants also had difficulty in using

those safety belts. A properly guarded quick release button
1s recommended. The belt must be fast and easy to use.
The foot plates cI some stand-up lifts are poorly designed.

The plate edges zre sharp and high, and may injure the
resident's toe when the stand-up lifts are brought up to face

the resident. 2 ressident's heel may be hurt when the lifts

Hh

are moved away Ircm the person after being lowered iInto the
chair and having Zne slings disconnected. All manufacturers
should evaluate ztneilr devices for sharp edges and protruding
points which mav injure =z resident, nursing assistant, or
passerby.

The knee pad of zn2 stand-up lift device is too far from the

shaft of the 11I:. The support arms on <this 1lift are
relatively short zs well. As a result, residents can only be
lowered to the =Zge of <he chair, and it is difficult to
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situate the resident all the way back in the cnair in an
uapright poosition. Further manual repositioning may be
raquired, which partially defeats the purpose of the lift.

Cne stand-up lift has a safety celt which wraps around and
attaches nehind the resident’s legs. Nursing assistants felt
17T was very difficult to fasten or release the belZ, and they
nad to bkend forward in an awkward position tc use the belt.

Assistants also felt the safety belt around the isgs may not

be necessary; however, they felt that a safety belt around the

lower part of the back 1s imperative to prevent falls.

cme stand-up lifts lower the resident into the chair too

7]
]

s
i

pidiy. This leads to a feeling cf discomfort and insecurizty
in some residents. The resulting fear may cause frantic
random movements by the resident which could cause an injury.
The manufacturers should conduct a human facteors study to

determine the up and down speeds which are acceptable to

'3
H

ople in this age group.

ome stand-up lifts are :too slow or do not pick up the

(£

residents correctly. The low 11ft speed is tha combined

ect oI low motor speed and the Zong travel distance of the

(>
[
bty
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T zrms. The residents fslt very uncomfortacle hangin

U
[t

LDPOo

‘n the air for a relatively iong period of ztime. See

recommendation #14.
Tne overhead lift was also very sicw. Although this may not
cause excessive discomfort to zhe resident, the nursing

istants did net like it. See racommendation

[§1)
tn
n

b=}

manufacturer of one stand-up 1:£t device does not requir

¥
i

~ne nursing assistants to _ock the wheels when connacting the

_ing tc the lift. Unlocked wheels may easily be pushed away,

i
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causing a danger of falling. If the straps are hooked to the
support arms or boom and residents push the lift away, they
may drag themselves away from the bed and fall.

in previous studies, the walking belt reportedly had a
tendency to slip over the resident's waist and "ride up their
pack" Garg et al., 1991z, 19%1b). This tendency was not
observad with the belt used on the two residents in this
study. This new model had redesigned handles and an
additional adjustability strap to prevent the belt from riding
up a resident's back. It did, however, have some design
problems. Plastic or some soft/semi rigid metal could be used
~0 wrap the end of the straps oI the belt tTo make 1t easier to
put the straps through the material closure hooks. The
manufacturer of the walking belt should incorporate properly

guarded "quick release"” latches.
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GUIDELINES FOR PATIENT LIFTING DEVICE SELECTION

There 1s little doubt that the routine use of patient lifting
devices 1in nursing ncomes will reduce the frequency and severity of
back injuries among rnursing personnel. While this is true for any
of the devices tested, it is also true that there is considerable
variability in the devices and some are meore functional and cost
effective than cthers. In these days of ccnstantly shrinking
budgets, 1t is important to consider a variety of relevant factors
when making a lifting device selection.

This secticn describes a number of such facters which have
been identified £+ the author as potentially important during the
selection process. The 1llst, and ilts assoclated discussion are by
no means exhaustive. Remember the true cost of these devices 1is at
least the purchase price, plus maintenance, minus the direct and
indirect cost of zhe injuries eliminated, plus the cost of injuries

occurring when a unit 1s down for maintenance.

FACTOR DISCUSSION
Initial price - Given the substantial differences in price between
the different devizcss, it may be rossible to purchase six ©of one

device for the prize = five of another. Assuming a fixed budget,

the extra device mzay -2 worth some cf the ilnconvenience associated

with the cheaper Zevice.

Features included in 1nitial price - In reviewing the brochures
provided by the zzvizs manufacturers, it was obvious that the list
price included diffzrznt zrtions or add-ons on different devices.

Items like the numrer =f siings, presence of a scale, the number of
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catteries provided, a battery charger, extent of training provided,
atec., can result in major changes in “initial price”. Make sure it

i3 “zpples to apples” that are being compared.

Ticns v. standard equipment - Some manufacturers crovide options

Qo]

- for example a number of slings in different sizes - with their
zguipment. A thorough analysis of a facility’s nesds may reveal
tnhat some or all of the options are in fact necessary requirements
2Z the devices are to be truly functional in the facility. Again,
ccmpare “apples to apples”.

Mzintenance reguirements - Evaluate the potential maintenance costs
- check the manufacturer’s requirements, and then check with others
~hat have purchased the devices to see what their eoxperience has
ceen. Other user names should be available from the manufacturer
- if they aren’t, that may suggest there 1s a probliem you should
<now about.

“aintenance difficulty - how much maintenance can o2 done by your

h

factcry person? 3t $100/hour,

[
¥

:z2fZ and how much will =r=sguire

zxtTernally supplied maintenance can pe expensive, znd it may alsc

m2an vour device 1s out ¢ service Zor an extended time period.

Tarts integrity - Look over the device closely; the use of plastic
- lieu of metal is sometimes appropriate - and scmetimes it is
-2st cheap construction. Zonsider where the parts zre used, what

wear +they are subject to, and whether abuse may cause failure.

S G e

lzain, check with other users of the device tc f£ind out its

—aintenance history.
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Price c¢I spare parts - Over a ZIZew years, the cost of spare parts
may be zZreater than the cost of the unit itself. Obtain a spare
varts list and a likely in-service interval for key parts; then
compare across manufacturers. Other users may be helpful in

obtaining these data.

Availability of spare parts - When equipment 1is down for
maintenance, your personnel are at an increased risk of injury -
that injury will cost more than a few 0f these devices. You need
zo know the availability of spare parts - how long it will take to
cbtain =hem, how reliable i1s the spare parts system, will the

rovide a replacement wnile your device is out of service,

{)
Q
=
el
m
=
lk
e

will this be provided for free, how lcong will it take to get the
replacemsnt, where will the replacement come from or who will

supply T (salesperson, warehouse, etc.) - it is easier to cbtain

assistance from a person than from a place?

Manuiacturer’s training - The correct znd efficient use of thess
devices is important if their full benefit is to be obtained. The
gqualizy, availapility, and fcllow-up of the manufacturer’s training
was cpserved o vary consideraply. Make sure you have a clear

eement on what will be provided, by wnom, when, and at what cost

b
Ie]
nj

(especizaily for follow-up training after the initial in-service}.
In addizion arrange for the trainer to return periodically to be

scur perscnnel are using the devices correctly.

Type oI residents in facility - CZonsider the special needs cf the
resicdents in vyour facility {(ccmbative, heavy, recent surdgery,

frail, =22z.), and consider whethsr the <zvice beling considered will
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meet these special needs.

Resident ccmfort - This is a prime censideration since devices
{usually the slings) which are uncomfortable, Insecure, or painful
for the residents will not be accepted bv them. Careifully evaluate

the device Zesign (especially the sling) and its relation to your

residents ccndision.

Ease of sling use - As was noted in this report, the ease of sling
use (positicning and removing) varies between devices. Evaluatza
carefully n the context of your facility and the beds and chairs

that you use.

Ease of sling cleaning - Slings come in a variety of materials and
costs. They will get soiled and need cleaning. How easy is it to
clean a given sling, and how many additional slings will be needed

to make sure slings of the right size are available. When a sling

is repeatedly cleaned, what will its service _1fe be?

Tacility design - The selected device must oe usable 1n vyour
racility Tight zcrners, small doorways, roucgn floors, travel con
and off carpets, small bathrooms, etc., all play a role :in

determining the size and maneuverability <criteria for your

facility.
Sales representative availability - How long will it take them t=
respond when ycu nave a device problem; how capable are they <=

solving proclems, and how willing and committed are they to selwving

your problems. CTheck this out with other users to verify.
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Maneuverability - Is the device flexible enough for your facility:
how much force is regquired to push/pull/turn the device? Is it
likely that the device will stick and require impact loading to

overcome (exposes personnel to sudden movement injuries)?

Leg spread adjustabillty - How easily does the leg spread adjust?
Pifficulty adjusting leg spread {(especially when the device was
loaded) was a commen complaint in the nursing home and in the

research study? This also exposes personnel to sudden movement

injury.

Fase of contrcl use - The design and placemen:z of the device
controls (electronics, brakes, leg adjust, speed of up/down,
smoothness, Dopattery location and change requirements, etc.) all
contribute to the device’s utility. Make sure your personnel have

evaluated the device and that they are comfortable with it.

Accidental misuse <I controls - evaluate the likelihood of
accidental misuse and its possible effects. Thess events happen

v are usually very severe =vents - like a

o

infrequently, but =th

dropped resident for sxample.

6]

2
e
',__

Security of slings - In the nursing home evaluaticn, concern was

expressed that some slings made 1t too easy ZIcr residents to
wriggle or thrash out of the sling. Since these designs change
periodically, carefully evaluate the devices for thils possibility

- the result, & drorped resident would be a sericus problem.

Strap design - Numercus complaints were made zbout the strap design
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on the stand-up devices. Evaluate them te insure they are wide
enough to distribute the locad on the resident’s back and they do
not allow the resident to slip out of the strap; does the main
strap have a backup safety strap to Keep the main strap on the

rasident?

Manual v. electric power - zZlectric is easier and less hazardous,

put manual is mcre reliable and cheaper.

Time to use correctly - The time to correctly use the device is
important in determining its utility. Evaluate it carefully during
The cn-site demonstraticn. Have your personnel use the device to

determine the time.

Number of devices needed - How many devices are needed to make sure
the wait time for a device is kept to a level at which personnel

will not revert to the guicker but more hazardous manual handling

)

mexthods

Iifcing devices are evelving - models change quickly - pe sure you

xnow what you are buying.

rotrusions in the resident hang area or operator areas - these

V]

ERR]

culd cause injuries, and will be regarded as “hassles” which

)

—ranslate into non-use of zThe device. In evaluating the devices,
consider all of the movements required for the operator (moving
device, getting resident in device, using controls, changing the
cattery, doing maintenancs, 2tc.; and those of the swinging
rasident.
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Unit sctability under various loading conditions including legs zat
differznt widths - There are industry standards for stability.
Make sure that the device being considered meets these minimum
standards. If you have very heavy or compbative residents, consider

the aazZad need for stability associated with these residents.

'\l

Up/down speed control - The speed should be adjustzble to
accommcdate the needs of operator and resident. Moving too fast

may ranic a resident and that could result in an accident.

Place Zcr residents to hang on if they feel insecure - Residents
consistantly requested this because it made them feel more secure.
It alsz keeps them from grabbing the operator.

Does <Zzvice meet industry design standards - Do not accept the

salesrsrson’s word; check with the standards organization.

Test =z__ devices with your staff - Remember, if it is PERCEIVED as

hard -r slow or unsafe to use, it will end up in the closet.

Batterw 1ife and recharge options - These units must be availablisz

at __ <tTimes, and battery life, recharge time, and >2attery

[§1)

switcning ease are all consideraticns in device selecticn - no
batter, means no use.

s indicated, this list is based on the author’s observations

and esxcerience with the devices. It is for the considerztion of
potent.zl device purchasers, and is not intended to be zn ail
inclus-ve list. Potential users are encouraged to develco their
own ..st and to shop wisely. These devices will rzduce a
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facility’s worker’s compensation costs, but to do so, there must be

a match between the facility’s needs and the devices abilities.
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