
1111111111111111111111111111111
PB99-167090

Field, Biomechanical, and
Psychophysical Evaluation of Manual

and Mechanical PatientlResident
Handling Methods in Nursing Homes

bv

Terrence J. Stobbe, Ph.D, CIH, CSP, CPE
Occupational Hygiene & Occupational Safety Program

Department of Industrial & Management Systems Engineering
West Virginia University

January 1999

DISCLAIMER: This research was supported by the National Institute for Occupational Safety
and Health (NlOSH), Division of Safety Research under contract number 94-5606. The opinions
and recommendations contained in this document are those of the author and do not necessarily
represent NIOSH policy.

REPRODUCED BY: ~
U 5 Department of Commerce .

Natio~ai Technical ~nf?r:mation~ervlce
Springfield, Virginia 2216





GENERAL DISCLAIMER

This document may be affected by one or more of the following statements:

• This document has been reproduced from the best copy furnished by the
sponsoring agency. It is being released in the interest of making
available as much information as possible.

• This document may contain data which exceeds the sheet parameters. It
was furnished in this condition by the sponsoring agency and is the best
copy available.

• This document may contain tone-on-tone or color graphs, charts and/or
pictures which have been reproduced in black and white.

• The document is paginated as submitted by the original source.

• Portions of this document are not fully legible due to the historical nature
of some of the material. However, it is the best reproduction available
from the original submission.

f

PROTECTED UNDER INTERNATIONAL COPYRIGHT
ALL RIGHTS RESERVED.
NATIONAL TECHNICAL INFORMATION SERVICE
U.S. DEPARTMENT OF COMMERCE





ABSTRACT

:ow back pain in nursing personnel is a common and well
doc~~ented event that is associated with a variety of their
work activities. One of ~ie more commonly implicated
acti~ities is patient/resident handling. In brief, the
prob:em is that the loads ~hey handle (people) are heavy,
they ~ove unpredictably, and the nursing personnel cannot
drop ~he load if it gets out of control. This leads to both
overexertion and sudden movement induced back injuries. One
reco~~ended control measure for this problem is the use of a
~ectanical handling device to lift and move the people.
:his study, which was conducted in a laboratory,
inves~igated ~he biomechanical loading associated with the
traditional manual and mechanical device methods of
patient/resident handling. The study also investigated the
psyc~~physical responses of the nursing personnel to the
different handling methods. Finally, the laboratory portion
of t~e research studied the biomechanical and psychophysical
aspects of using the traditional drawsheet and a mechanical
~ethcd of raising a person up in bed.

:he research also inc~uded a field study in which some
of t~e mechanical devices were placed in a nursing home for
:our ~onths :or evaluation by the ho~e's nursing personnel.

~ased on ~he literat~re and interviews with nursing
personnel, 80ving a person from bed ~o chair was selected as
the research task. Two elderly female adults were used as
sim~:ated patients/residen~s, and nine people currently
emplo:'ed as nursing assistants in nursing homes were ~sed as
the 5~bjects who performed the resident handling work. Ten
comrr.ercially available mechanical devices, (five sling
~if~5, four s~and-up lifts, and a sliding board~ were
eval~ated. All of the participating nursing personnel were
trained by representatives of the devices' manufacturers
oricr to their use of a device. Bioiliechanical loading was



determined using force platforms, a motion analysis system,
and a cOffiDuterized biomechanical model. Psychophysical
response was determined using interviews and likert scale
based questionnaires. The field study evaluation was based
on interviews with the nursing personnel and observation of
the nursi~g 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 s~ressful than the traditional manual methods of
patien~/resident handling.

The pilot study results showed a reduction in low back
pain comp~aints, a reduction in the work related fatigue
experienced by the nursing personnel, and a general
acceptance of the devices by the nursing personnel, and by
the nursi~g horne residents and management.
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INTRODUCTION

:~ere were 630,000 lost workday back injuries in ~he United

States in 1979 (Jensen, 1990b) and approximately 19 percent of all

worke~s' compensation claims are coded as back sprains or strains

(Kle:':-. et al., 1984). The financial cost of back injuries is

esti~a~ed to be billions of dollars each year (Brigham and Harris,

1990) . These figures explain why the National Institute for

Occut:a~ional Safety and Health (NIOSH) ranked work-related

rnusc:":':":Jskeletal injuries and illnesses second on the list of

':"ead:'~; occupat:'onal injury and illness problem areas in the United

States (Millar, 1988).

::Jmparisons of back injury rates from workers' compensation

data ranked nursing aides and garbage collectors first or second in

each s~ate (Jensen, 1987). Other studies have shown that nursing

professionals have both a high prevalence rate of back pain

(Bier:.::g-Sorensen, 1985) and a high incidence rate of workers I

compe~sation claims for back injuries (Klein et al., 1984;

?ersc~:.ck, 1990). The Bureau of Labor Statistics reported that in

:987, nursing and personal care employees had an average injury

rate :: 13.9 injuries per 100 full-time employees (Bureau of Labor

StaL.s::ics, 1989).

?atient-handling tasks have been :'dentified to be ::he main

cause :: back :'njury to nursing personnel (Bell et al., 1979; Owen,

:. 98 7'" The stresses that are associated "tli th these handl':"ng tasks

are ;r~sumed :::J be the cause of the injur:'es. The purpose of this

s::uc·: ..;as to evaluate a number of ::-.ethods of perfor:::ing t'.-JO

resi:::~:-.::-handl:'ng tasks: (transferrina residents from bed to a
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chair and lifting 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 ~ 1a ...... , 1989; Videman, 1989; Jensen, 1990a; Personick,

1990). Klein (1984) found that nurse's aides and licensed practical

nurses ranked fifth 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 be 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 f8und ~hat 52 percent of the nursing personnel and 20

percent of the unit coordinators had experienced LBP within the

past year.

According to a survey of 3912 nurses by Stubbs et al. in 1983,

43 percent of ~he ~~rsing population in England and Wales suffered

back pai~ at least ~nce a year. Stubbs also estimated that 40,000

nurses i~ the 3ritish 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 (1989a) reported that 38 percent of her random sample of

503 nurses had experienced at least 8ne incidence of occupational

low baCK pain 8r i~jury. Nearly 20 percent of these nurses had

made at. least. one trans fer to a different ;Jnit, position, or
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employment setti~; because of LBP.

Back pain experienced by nursing personnel is greater. than

published statisti~s indicate (Owen, 1989a). The reasons are that

the magnitude of :he LBP is often estimated from the wor.kers I

compensation data or incident report data and it is noted that many

nursing personnel do not report their LBP. For instance, 66

percent of the nurses who stated they had occupational LBP never

filed any inciden~ report (Owen, 1989a).

The direct ~osts of work-related low back pain among u. S.

employees for 1986 was estimated at $11.1 billion (Liberty Mutual

Ins, Webster, 1990). The mean cost per claim was $6807 and the

median cost was $391. 3ack injuries alone account for 32 percent of

compensable injuries and 42 percent of compensation costs.

Lifting has, perhaps incorrectly, been identified as the prime

cause of back pai~. Unfortunately, in many cases, lifting is not

a well defined -:ask, and health care is one of these cases.

Patient-handling tasks often involve asymmetric lifting, two

person lifts, twis-:ing mo~ions, and sudden movements. Some people

have researched -:jese difficulties in lifting, but to date, no

guidelines have ::een established to incorpora~e all aspects of

lifting tasks ("::.'a:.es & Karwowski, 1987; Jrie~ & Dutta, 1989;

Johnson & Lewis, :989). NIOSH's work practi~es guide and Snook's

psychophysical li:-:ing guidelines have probably helped reduce the

incidence of ::ack injuries in general industries, but

unfortunately, tje tasks performed in a hospital or nursing home

are highly variable, ~o~ standardized, and poorly modeled by the

guidelines.

Control s~ra-:egies in any industry include employee selection,

training, and job =eslgn. i~ithin health care setti~gs, the focus
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for 20rrective action ~as been on training. The previously cited

s1:atistics speak to the ineffectiveness of this approach. This

~eaves us with job design based on ergonomic principles as the best

::on1:rol strategy. This is true in most work settings, and

part:i::ularly so in health care. 01timately, if c:.rr goal is to

::on1:rol musculoskeletal injuries and illnesses, we ~ave to reduce

people's exposure to 1:he conditions and situations wnlcn are known

-:0 cause injuries and illnesses. In the case of. health care

personnel, this can be done by eliminating as many pat:ient/resident

~andling activities as possible. One way of doing t:~a1: is with the

'..:se of assistive devices which lift and carry people, and this

study evaluated a number0fcommercially avaL.able assistive

devi2es to determine their effect on physical S1:ress, their

acceptability, and their general design utility.

METHODOLOGY

This section describes the experimental proced:.rres which were

~sed 1:0 accomplish this research. Tasks to be performed in this

s1:udy were selected based on a literature review and an analysis of

~njury records from 1:~0 nurslng nomes.

~he literature suggests -:ha:: maneuvering residen-::s in bed was

-:ne ~ost frequently cause of back pain. The physical actions of

:"if:::"ng, pulling, or sliding a resident up in bed ',,;as the most

iif:i cuI t maneuvering action. Other probler::s cited were

-:ransferring a resident from toilet to wheelchair, ~heelchair to

:~i~2:, chair to bed, and t=ansferring the reside~~ from bed to

~he injury records reviewed at t:he nursing home indicated that
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most i~juries were due to transferring residents from one place to

anoLher (bed to/from wheelchair and wheelchair to/from toilet) and

lifting resident up in bed.

The following two tasks ',Jere selected for this laborat.ory

study: 1) lifting residents UP in bed; and 2) transferring

residents from bed to chair. The task of transferring a 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 -; Tasks and Methods of Performing Them

Task One - 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 #3

Baske,:-slir.g Lift #4

Overhead Lift

Stand-up Lift #1

Stand-up Lift #2

Stand-up Lift #3

Stand-up Lift #4

Slidir:; Board
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A review of the literature relating to assistive devices for

use with these ~esident-handling tasks indicates that a limited

number of devices are available and are limited to the following:

hoisi:s, sliding boards, belts, slings, and turntables (Owen. 1.988

Garg, 1990; 3ell, 1984; Lloyd et a1., 1987). A questionnaire

administered ~o nursing personnel showed that the most frequently

used devices ".-Jere gait belts, bathtub lifts, hoists, and lift

sheets (Owen, :989b). According to the literature, 85 percent of

patient transfers in nursing homes were being performed manually

(Bell et al., :979). The reasons nurses gave for not using lifting

assistive devices are as follows: too time consuming, lack of staff

knowledge ana experience, inadequate staffing, and lack of

availability Owen & Garg, 1990). Bell (1984) found nursing

personnel reluctant to use assistive devices because they did not

understand how ~o use them.

The crii:eria for selecting assistive devices evaluated in this

study were: :: i:he product was designed for commercial use rather

than for horne '..:.se; 2) lifting devices could be lowered to lifi:

residents fro~ ~~e floor in a seated or lying position; 3) lifting

devices coulj 2e equipped with scales to weigh i:otally dependen~

residents; anj 4) lifting devices were not prone to tipping over

while transpc~~ing residents in previous laboratory evaluations.

Assistive devices evaluated by other researchers were not selected

for further i:esting in this study.

The assistive devices selected for this study are described below.

ASSISTIVE DEVICES

The waLt::' n:: belt is a four inch wide belt that is wrapped
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around the resident I s abdomen-hip area. It provides handles for

nursing assistants to grasp during a transfer. An early model of

the walking belt was e'laluated by Garg and colleagues (1991a,

1991b) and as a resi...:lt of that study, the manufacturer added

ergonomically designed ~andles and an adjustable strap to provide

a better fit and to prevenL the belt from riding up on a resident's

back. This new model (Figure 1) was evaluated in this study.

The basket-sline '~ft is battery powered and quite mobile.

The resident is placed :~ the sling, centered ove~ the sling base,

and gently raised. A scale is integrated into some designs so that

residents can be weig~ed while they are suspended in the sling.

This type of lift __::iesigned for both totally and partially

dependent residents. Four brands of this type of lift were

evaluated. Figures 2 to 5.

Figure 1 Walking Belt
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Figure 2 Basket-sling Lift #5

Figure _ 3asket-sling Lift #6
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Figure 4 Basket-sling Lift #7

Figure 5 Basket-sling Lift #8
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The overhE=.d lift is a basket-sling type of lift that is

attached to a ceiling-mounted track and is battery powered. It is

designed for bo~~ totally and partially dependent residents. One

model of this ~~~e of lift (Figure 6) was tested.

The stand'...::: 1 i ft is similar to a basket-sling lift. The

resident places ~is/her feet on a foot-plate, bends the knees F and

rests them agai~s~ a soft knee-pad support. A belt-sling is placed

under the arms c~d around the resident's back to support him/her in

a near standing ~osition. This type of lift is only designed for

partially deper-=er-t residents. Four brands of this type of lift

~ere evaluated. ?igures 7 to 10.

?igure 6 Overhead Basket-sling Lift #9
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Figure 7 Stand-up Lift #1

~igure 8 Stand-~p Lift #2
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Figure 9 Stand-up Lift #3

Figure 10 Stand-up Lift #4
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T~e sliding 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

board (FiGure 11) is a somewhat different way to accomplish

transfers tC and from wheelchair, bed, auto, commode, etc., with

ease and dignity.

The Magic Sheet is an assistive device for lifting residents

up in bed. It is 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 2.2.

The co~~only used manual methods were selected to serve as a

comparative baseline for the other methods manual transfer of

residents from bed to chair (Figure 13) and the drawsheet method of

liftir.g residents up in bed (Figure 14).

13



Figure 11 Sliding Board

Figure 12 Magic Sheet
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Figure 13 Baseline Transfer Method

Figu~e 14 Drawsheet Technique
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Subjects

'I'here were two types of subj ects in this study: nursing

assis~ants and residents. Each nursing assistant performed all

resident-handling methods on all residents, thus allowing the

es~ima~ion of inter-nursing assistant variation.

~ine nursing assistants (two males and seven females) were

recrui~ed from local nursing homes. The following criteria were

used :0 select the nursing assistants:

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

work activity;

2 ) willingness to learn how to use the resident-

transferring devices;

3) lack of back inj ury or pain wi thin the last year r or

chronic episodic back pain that had been experienced

within the last three years;

4) passing of a medical screening exam

The nursing assistants I :::ean age, height, and ;:,ody weight

were 45.8 years (range = 20 - 69 years), 168 cm (157 - 183 em) and

'C.L ~; (45.5 - 132.3 kg), respec~ively. Their mean experience as

a ~~rsing assistant was 33.2 ~onths (2 - 71 months).

:::e "Consent to Voluntari::/ Participate in a Research Study"

:8r~s and fact sheets were exp:ained to the nursing assistants and

residents who were then asked ~o sign a consent form. They were

per~i::ed to stop participa~i8n in the study at any :ime without

Two elderly female vol~n:eers agreed to serve as residents

::--.e study. Females were ~sed because they are the ~ost cornmon
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residents ~- nursing homes and conversations with nursing home

personnel :':1dicated females were generally more difficult to

transfer. ~lderly subjects were selected because the residents 1:1

nursing hor::es are generally older than the general population.

Their perce?tion of the comfort and security provided by the

assistive ievices is probably different from that of younger

people. A r::edical 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. ~he ot~er resident was 67 years old, 160 cm tall and weighed

77.3 kg.

This section briefly describes how the two resident-handli~g

tasks were ~erformed by the nursing assistants with the methods

selected for this study.

Transferring Residents from Bed to Chair

Handling Ta.sks. In this study, the bed to chair transfers were

classified :'nto six categories: baseline (no device), walking

belt, basket-sling lift, overhead lift, stand-up lift, and slidi~g

board. The residents were instructed to be passive at all times

during a tra.nsfer.

Basel:'~e Met~od. The baseline manual transfer ~ethod required two

nursi~g assistants. First the nursing assistants adjusted t~e

height of :~e bed to the level they percei'led to be the most

appropriate ~eight for them to perform the task. This height was

recoried ~~~ each assistant and ~sed throughout the study. The

resident '.-las then raised to a near sitting position using t:-.e

17



adjustable por~ion of the bed. Both nursing assistants were on

the same side sf the bed. The assistant nearest the head of the

bed placed his/her right arm around the resident's shoulders and

grasped the resident's upper arm with the left arm. The other

nursing assista~~ placed both arms under ~he resident's knees. On

the count of ~~ree, the resident was rotated slowly and smoothly

toward the side of the bed to assume a sitting position on the

edge. If the resident's feet did not reach the floor, the bed was

lowered. Eact nursing assistant then stood in front of and to

ei ther side cf the resident. The assistants I outer hands were

positioned to t~e side and back of the resident, while their inner

hands were placed under the axilla (armpit) of the resident. On

the count of ~hree, both assistants helped the resident to a

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. :irst, they assisted the resident to a sitting

position in the same manner as the baseline method. The nursing

assistants t~en snugly fastened the wal~ing belt around the

resident's lower abdomen-hip area. Each nursing assistant grasped

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 ;;osition, one nursing assistant instructed the

resident to pi70t her feet and back up to the seat of the chair.

The nursing assistants likewise moved their feet to avoid twisting

their backs. ~hile still grasping the handles of the belt, the

18



~ursing assistants lowered ~he resident into the chair. They then

removed the walking belt.

Basket-sling and Over~ead Lift. The first activity of the basket-

sling and overhead :"ift transfer methods required 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 back onto the sling and over slightly in the

opposite direction to bring out the folded part of the sling. The

nursing assistant then moved the lift next to the bed and

connected the shoulder straps of the sling to the ~ift. The leg

pieces were brought ~~der the thighs and connected to the lift.

The resident was lifted and positioned for transfer, moved over

the chair, lowered ir.to it, and then pulled back into the chair.

When the resident's body 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 lift, the nursing assistant first raised the

upper body of the resident, to a near sitting position. Next, the

~ursing assistant placed the arm nearest the head of the bed

around the resident:'.s shoulders a.nd the other arm under the

resident's knees. -:'he resident '..Jas then rotated slowly and

smoothly toward the side of the bed until a sitting position was

assumed on the edge :f the bed. The stand-up 2.ift was then

brought up to the resident, the resident's feet were positioned on

the footrest, and the brakes applied. The sling was then placed

around the resident I s back, and straps were attached to the
I

!
support arms on the :"ift's frame. A safety strap was used to

assist in supporting :r.e resident in the sling during the lifting

19



procedure. The device's suppor~ arms were raised to elevate the

resident to a near standing position, with their feet supported

on ~~e footrest and their ~nees by the padded knee brace. The

nurs:'::g assistant then released the brakes and transferred the

resident to the chair. The ~egs of the stand-up lift were opened

to f:'~ around the chair. ~he resident was lowered into the chair

and ~~lled back into the sea: in a seated position. The nursing

assis~ant then released the safety strap, unhooked the sling, and

moved ~he lift away from the resident.

Slid:'::g Board. The slidi::g board was used by assisting the

resident to a sitting position on t~e side of the bed as

prev:'~usly described. The nursing assistant placed a walking belt

snug2.~· around lower abdomen/hips of the resident, leaned the

resident as far as possible :0 the side opposite of that on which

the ~ransfer is to be made, the lead leg was lifted and crossed

over ~je trailing leg, and tje seat was p2.aced under the resident.

Usir:; a countdown such as "::'-2-3 GO", the nursing assistant simply

glided the resident slowly across the board. The resident

fi::is~ed with her back agai::st the back 8f the chair. ~he board

was :~en pulled out from under the resident.

Draws~eet/Magic Sheet. The nursing ass:'stants used the drawsheet

by r~~:ing each side of the drawsheet close to the residen:'s body

and ;rabbing the rolled edges of the drawsheet. The resident was

asked ~8 flex the knees and ~race her fee: firmly on the bed. On

the ::unt of three, both assistants lifted and slid the resident

toward the head of bed.

~jen using the magic s~eet, one nursing assistant turns the
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crank handle which moves the sheet and resident up in bed.

EVALUATIONS

Equipmen~ Evaluation. The equipment was evaluated based on

ergonomic criteria. Both objective (biomechanical) and subjective

(psychophysical) evaluations were used.

described below.

They were performed as

Objective Evaluations. The compressive force on the L5/S1 disc of

the nursing assistants was estimated using the 3D Static Strength

Predic~i8n ProgramT~ (The University of Michigan, 1993).

The body posture and angle input data were estimated. using a

three-dimensional video motion analysis system, Peak® Performance

System (?eak Performance Technologies 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.

Subjec~i~e ~valuations. The nursing assistants' ratings of

perceived exer~ion on the lower back, upper back, shoulder, and

whole ccdy 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 assistants to rank the methods :rom the most preferred

method :8 the least preferred method. Functional outcome

measures, such as tas k performance and nurs ing assistant work

time, ~ere determined from the video tapes.
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Issues relating to the safety and comfort of the residents

were assessed subj ectively by having each resident rate each

method/nursing assistant/resident weight combination on a 5 point

Likert scale.

Laboratory Faci2-':" ::y. The layout of the laboratory facility is

shown in Figure :5. This figure shows the location of the key

equipment such as ::he camera, the bed, the force plates, the

computer, etc.

Instructions tJ Subjects. Nursing assistants were instructed in

the proper use CI ::he assistive devices by the manufacturers I

representatives. ~his allowed the representatives to fully explain

all the features of their devices to the nursing assistants. It

also assured that the representatives could train the assistants

to use their products in the manner suggested by the

manufacturers. ~J reinforce the initial training, further

training was prov:"::ied by review of the manufacturer I s written

instructions and v:"::ieo tapes. Prior to performing each transfer,

the nursing ass':"stants were asked to prac::ice the techniques, with

feedback from the researchers, until both the researchers and the

nursing personnel ',.;ere satisfied that ::ransfers were done as

directed by the man~facturers.

Qbj ective Evaluati.:r:s. Qbj ective data include the hand forces

associated with 2aneuvering lift devices, pulling/lifting force

associated with the casket-sling lift, force platform data, video

tapes for resident-handling activities, and bed height.
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Lift Device Movement Hand Forces. During practice time, nursing

assistan~s were asked to stand on a force platform and push and

~urn each lift device with a resident in the sling. This activity

was used ~o quantify the maneuvering forces required by each lift

de'lice. 8ne trial was undertaken for 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

lift to seat the resident in an upright position in the chair.

Figure :6 illustrates this pulling activity. During practice

time, the nursing assistants were also asked to stand on a force

pla~form and pull a handle on lifts equipped with them to lower

and seat ~he 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
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This ac~ivity was used to quantify the lifting forces

required by t~e basket-sling lift device. One trial was collected

for each combination of nursing assistant, resident, and basket-

sling lift.

Resident Handling Biomechanical Data. When the nursing assistants

were ready ~o perform the resident-handling tasks, markers were

placed on them. The subjects were then asked to adjust the height

of the bed :0 :he level they perceived to be the most appropriate

for them i:1 performing the resident-handling tasks. The bed

height was electrically adjusted. Then they were asked to perform

each technique.

The resident-handling activities were videotaped with four

cameras. Each nursing assistant stood on a force platform, which

was syn=hronized with the video taping. For the baseline transfer

method, force platform data and video tapes were collected when

the resident Nas 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).

I",
Figure 17 Helping the Resident to
a Standing position
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the above

from bed to

of resident:­

University of

recorded for each of

transferring residents

For the ·,.,;alking belt, the same biomechanical data (force

plate and video tape) were collected when the resident was rotated

to a sitting ~ositicn on the edge of the bed (activity #1) and

then pulled to a standing position (activity #2) (see Figure is).

For the casket-sling and overhead lifts, biomechanical data

were recorded ~hen nursing assistant rolled a resident on her side

in the bed (activity #1). This activity is illustra~ed in Figure

19. Biomechanical data for the stand-up lift and sliding board

were collected when the resident was rotated to a sitting position

on the edge 0: the bed (activity #1). This activity is shown in

Figure 20.

Two replications were

activi ties associated with

chair.

For the task of lifting residents up in bed, biomechanical

da ta were recorded only for the drawsheet technique. Force

platform data and video tapes were collected when the resident was

lifted up in bed (see ?igure 14). Two replications were collected

for lifting residents up in bed as well.

Biomechanical ~easures of physical demands

handling tasks were then calculated using the

Michigan biomechanical model.
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Figure 18 Pulling the Resident to a Standing
Position with the Walking Belt
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I

Fig~=e 19 Turning the Resident toward the Assistant
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I

Figure 20 Rotating the resident to a sitting position

On ~he edge of the bed by one assistant
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Preference. Bed heig~~s preferred by the nursing assistants for

completing resident-~andling tasks were measured. 7ask performance

and nursing assistan~ work times for the residen~-handling tasks

(for each of the app~opriate assistive devices) were determined

from the video ~apes.

Subj ective Data Co'::':'ection. After completing each task, the

nursing assistants were asked to rate the exertion/stress felt for

their shoulders, upper backs, lower backs, and whole body using the

Borg scale. When usi~g the RPE scale, the subjects were asked to

state, "In general, :-: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-poin~ Likert scale

(O=extremely easy and S=extremely difficult). They were also asked

for any other commer..ts they had about each resident-handling

technique. After :-.'..:rsing assistants had performed all of the

transfer techniques ;:n both residents, they were asked to rank

their preference of ~~e methods.

The residents ',,'ere asked to rate how comfc~table and how

secure they felt whi:'e being transfer~ed on a five-point Likert

scale (O=ext~emely =;:mfortable and S=extremely uncomfortable:

O=extremely secure ar..i 5=extremely insecure). They were also asked

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

STATISTICAL DESIGN

Methods of resiient t~ansfer were ~reated as a main factor in

this study. Residen~ ~eight was also considered as a main factor,

but it was confoundei with residen~ participant.
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~he subjective and object~ve data were collected on a sample

af nine nursing assistants. Two replications of biomectanical data

Nere recorded. Only one trial of psychophysical data was

collected. The nine nursing assistants were organized into five

pairs. The fifth pair was formed with the ninth nursing assistant

and one of the first eight. They performed each task using the

selected methods specified for that task on each resident. The

task presentation order was randomized for each resident/nursing

assistant combination in each test session. This design yielded an

a x b x c (a=number of nursing assistants, b=number of

resi~ents/weight levels, and c=number of methods) split-plot design

-,.;i:.:-~ one replication at each factor level combination for the

subjective 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:

-,.,.here I=l, ... ,a; j=l, ... ,b; k=l, ... ,c; l=l, ... ,n; T" 0:, and (T~)i.j

represent the whole plot and correspond respectively to blocks

factor S), main treatments (factor W), and whole plot error (SW);

-,..-n:._e Ykf (TY) ik' (~Y) :k' and (T0Y) c:r. represent the s'..lbplot and

:orresDond respectively to the subplot treatment (factor M), the SM

and :'iARREN R. MYERS interactions, and the subplot error; and e(i.jkil

represents the random errors. Sums of squares for these factors

are :omputed as in the three-way analysis of variance.

3ic::-.echanical data were analyzed ',.;i th the above linear model.

?sy:~ophysical data were analyzed with the same model ~ithout the

ran=c~ error term.
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Analysis of variance was performed on both subjective and

objective data for each task. Table 2 outlines the ANOVA table for

the biomechanical data with 12 methods for transferring residents

from bed to chair. The number of nursing assistants is nine, i.e' E

a=9 and the nUIT~er of 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 repli.::ations is two, i. e., n=2. Table 3 outlines the

ANOVA table for ::he psychophysical data with "c" number of methods

for each task. ~he different methods of transferring residents are

considered as :~xed :actors since these methods are the items of

interest (Mom::;omery, 1984) The resident weight factor and

nursing assistar.:: blocks 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 detec:: significant differences between any two resident

transfer methods and between the weight levels of the two

residents. All ~f the statisti.cal analyses performed on these data

were done using ::he Standard Analysis System (SAS).
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Table 2

Sources

ANOVA Table for Biomechanical Data

degree of freedom

:'lhole plot
Nursing Assistants (S)
Resident Weight (W)
S x W

Subplot
Method (M)
S x M
W x M
S.x W x M
Errors
Total

8
1
8

6
48
6
48
102
227

Table 3

Sources

ANOVA Table for Psychophysical Data

degree of freedom

~'lhole plot
Nursing Assistants (S)
Resident Weight (W)
S x W

Subplot
Method (:1)

S x M
W x M
S x W x M
Errors
Total

8
1
8

(c-l)
8 (c-l)

(c-1)

8 (c-l)
(not estimable)
c x 9 x 2 - 1

Note: The "c" value varies with different data set. For both the
psychophysical stress rating data and the com:::::-t and security
:iata, "e" is equal to 12 for the transferring t2.sk and 2 for the
task of lifting residents up in bed.
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Table 4 Expected Mean Square Derivation for the Split-Plot Design

a b c 1

f f f R

factors I j k I Expected Mean Square

Whole plot

1 1 (S) 0 b c 1 0 2 + bCLl i
2

/ (a-1)

I~ I (W) <J 0 c 1 o<! + aCLI~//(b-])

(TI~) i j (SW) 0 0 C 1 a2 + CLL (11)) !. i / [ (a -1) (b-l) ]

Subplot

Vk (M) a b 0 1 0
2 + abLV// (c-1)

(TV) ik (SM) 0 b 0 1 0 2 + bLL (1 V) 2 1 k / [ (a -1) (c-1) ]

(l3V) jk (WARREN R. MYERS) a 0 0 1 a2 + aLL(l3y)2 jk /[ (b-1) (c-1)]

(ll3v) ijk (SWM) 0 0 0 1 0 2 + LLL (113Y) 2i j k / [ (a -1) (b- 1) (c-1) ]

(ll i J k) 1 (Errors) 0 0 0 1 o<! (not estimable for subjective data)
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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 psychophysical analyses.

The results consistently demonstrate that the use of assistive

devices results in a reduction in the total force required to

complete a resident lift, and the perceived effort required to

complete a resident lift.

BIOMECHANICAL ANALYSES

The biomechanical ~odel input parameters were trunk flexion

angle, trunk lateral bending angle, trunk rotation angle, and hand

force magnit~de. Nursing assistant specific anthropometric data

were used as biomechanical model input model. Output was back

compressive :orce and percentage of population capable of

performing t~e task. Three percentages, based on torso strength,

hip flexor/extensor strength, and the minimum of all body joints,

are reported.

The biomechanical model input data were measured during the

research. 30dy joint angle data were obtained :rom the video tapes

using the mot~on analysis system. Hand force data were obtained

from the force platforms and anthropometric data were obtained by

measuring the subjects in the laboratory.

The input data were summarized by transfer method in Table S

using group data for all nursing assistants and both residents.

The mean, s~aDdard deviation, and range for tr~nk flexion angle,

trunk lateral bending angle, trunk rotation angle, and the nursi~g

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

below.

Trunk Flexion 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 secend 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 s~anding position. These

two means (52° and 50°) were significantly larger than the mean

trunk flexion angles for other methods and were not significantly

differen~ from each other. The smallest mean trunk flexion angle

(35°) was associa~ed 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

residen~s to the edge of the bed while preparing them for transfer

with the stand-up lift or sliding board. The mean angle during

this ac~ivity was significantly larger than ~he mean trunk rotation

angles associated with other transfer methods.

Trunk ':::a teral 3endL.""J.g lingle The laraes"C r:l.ean trunk later3.1

bending angle (21°) occurred as a nursing assis~ant (working alone)

rotated a resident to the edge of the 8ed in preparation ::Jr

transfer with a stand-up lift or sliding board. The smallest and

the secend 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 ~~o means were significantly smaller than any other mean

trunk lateral bending angles.
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:able 5 Inpu~ Data =:r 3io~echanical Analyses of Residen~ Transfer
Residents)

: Eot:h

ACTIVITY #1 - ~otat~~~/Rol~~~g the
Baseline :nethed

and
'..Jalking :::elt
(two-person)

Residen~ to Prepare
Basket-sling lift

and
overhead lift
(one-person)

=0:::: Transfer
Stand-up lift
and sliding
board
(one-person)

"/ariables
7runk flexion
angle (0)

:runk lateral
:::ending (0)

:runk rotation
angle (0)

::and force (N)

Lifting Lif:::':1g Rolling Rolling
torso legs toward away
(N=20) 1 (N=20) (N=36) (N=36)
43±5 2 38±2.1 35±6 37±9
35-50 3 20-62 25-50 17-55

12±6 lOti 5±5 7±5
4-26 0-21 0-15 0-15

lO±5 12±' 7±5 9±5
0-20 f'\ ~- 0-20 2-17v'-LJ

:.39±28 174::42 33±21 102±25
89-173 113-262 44-120 54-14 7

Rotating
resident
(N=36)
42±9
26-57

21±9
3-38

20±lO
1-37

194±58
58-315

3roup labels
ACTIVITY

?ariables
:'runk flexion
angle (0)

C 3 E
#2 - Help/Pul: the Resident to a
Baseline Wal~ing Basket-
method belt sling
(N=40) (N=40) liftS
~2±11 ~O±9 NA
33-75 29-69

o A
Standing Position

Overhead Stand-up lift
liftS and sliding

boardS
NA NA

:'runk lateral 13±5 12±5 NA
:::ending (0 ) 5-24 C-21

7runk rotation 10±6 ::'3±5 NA
angle (0 ) 2-25 6-25

':and force \)' 129±41 11H36 :JA. I

53-209 ';8-195

:;r-oup labe1 4 C
,
..;

NA

NA

NA

NA

NA

Number of observations "an n'.lrsing assist:ants X 2 residents x 2 replications)"
Mean (43) and standard deviat~:n (5) of N observations.
Range of observat:ions.
Mean hand forces with :~e same group label are not significant:y different 'p >
0.01) .
During this act:ivity, :~e nursing assist:ants used the handset: ::ntrol to operate
the lift devices to Ii:: the resident out: of the bed and lower into the chair. ~lo

signifioant lifting was involved.

38



~and Force - The largest mean hand force of 194 Newtons (N)

(rar:ce = 58 - 315 N) occurred when a single nursing assistant

rota~ed the resident ~o the edge of the bed in preparation for a

star:~-up lift or sliding board transfer. This force was

sig:::.ficantly greater ~han the hand forces associated with the

other ~ethods. The smallest mean hand force of 83 N (range = 44 ­

120 ::' occurred when a resident was being rolled toward the nursing

assis~ants. It was significantly smaller than any other mean hand

force.

:he mean hand ferce was smaller for lifting a resident off of

the ~ed (129 N) than ~he mean hand forces associated with lifting

the resident I s legs ::'39 N) or torso (174 N) while rotating the

indl-.-idual. The main reason is that the nursing assistants only

helped the resident to a standing position as compared to lifting

the ~:tal weight of the resident as in a nursing horne environment.

In a.::'di tion, although the simulated residents were told to be

passi-.-e, they provided some assistance by supporting their own

weig~~. In a nursing horne, there are many residents who cannot do

this, out still must be transferred. It was impossib~e for the

sim:..:.::'a.~ed resident :-.:~ ::'0 help ',yhen the resi~ent ',..;as lifted or

pul::'e::' to a standing position.

=~ summary, transferring residents from bed to chair with the

sta::::'-up lift or sliding board required the most trunk rotation and

trur:~ lateral bending. The largest hand force was also associated

'..Jit:-. ~he preparation for the stand-up lift or sliding board

~rar:5:er. Rolling a resident in bed and lifting a resicent's legs

as :~o nursing assistants rotated the resident to a. sitting

posi~ion 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 deviation, 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 - 4999 N). This mean compressive force

exceeded the action limit (3,400 N) established by the National

Institute for Occupational 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 lift which is a similar activity.

While standing the person up, the baseline transfer method

resulted in an average back compressive force of 2,703 N (range =

1641 - 3573 N). The average back compressive force, while helping

a residen~ off of the bed, was smaller than the mean back

=:mpressive forces associa~ed with lifting the legs cr torso while

ro~a~ing the resident. The main reason is tha~ :he nursing

assistan~s only helped the residen~ to a standing position as

compared to lifting the total weigh~ of ~he resident. The

residents could remain passive during :he first activi~y but could

not during the second activity. In practice, it is impossible for

simulated residents not to use their
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Table 6 Surrunary c:: 3iomechanical Measures fcr Resident Transfer (Both
Residen'ts\

ACTIVITY *1 - ~ot~~~~g/Rolling the
Basel::":-.: :r.e,:hod

and
walki~g :::elt

:~wo-::erson)

Resident :0 Prepare
Basket-sli~g lift

and
overhead lift

(one-person)

for Transfer
Stand-up lift
and sliding
board
(one-person)

Variables
% Capable 2

(Torso)

% Capable2

(Hip)

% Capable2

(Minimum)

Compressive
force (N)2

Li:~i~.:; Lifting Rolling Rolling Rotating
torso legs toward away resident:
(N=2C' : (N=20) (N=36) (N=36) (N=36)

78±22 3 84±13 84±15 87±13 74±l6
26-:-:~ 53-97 38-97 44-96 41-97

46±:::: 58±24 64±22 72±19 32±25
ll-:~ 12-85 16-91 19-92 4-93

38±26 53±27 56±25 70±20 23±25
-- 12-85 9-91 19-92 1-93,-

::487==:'4 3150±482 2951±503 2698±582 3454±571
2391-';:;99 2298-4089 2094-4367 1804-4745 2436-4618

Group labe1 5 ABC
ACTIVITY #2 - ~elp/Pull the Resldent to a

D A
Standing Position

Variables
% Capablez

(Torso)

Basel~~e Walking Basket-
met:hc::i belt sling
(N=4C' (N=40) lift 6

85=:''; 87±12 NA
45-:;- 48-97

Overhead Stand-up lift
lift6 and sliding

board6

NA NA

% Capable 2

(Hip)

% Capable 2

(Minimum)

Comp:::-essive
for~e (N) 2

Group labe1 5

58=.'26 61±27 NA NA NA
i-:-3 5-90

.50=;: 54±28 NA NA NA
2-:-1 5-90

~-,'""\-::-':; 2660:::639 NA NA riA,,-. ,...,/ ..... _-:...;.

:641-~:/3 1570-4203

D

Number of obser-.-",~ic:1s ("a" nursi~g assis;:ants x 2 residents x 2
replications) .
Using the specific height, body ~eight and gender of the nursing
assistants as ~ode:' input.
Mean (78) and sta~::iard deviation (22; of N observations.
Range of observat~:~s.

Mean compressive ::rces with :he sa=e group label are not significantly
different (p > 'J. =:.: .
During this ac~iv~:~', :he nursing assistants ~sed the handset control to
opera:e the lift ~:vices to lift ~~e resident out of the bed and lower
into ;:he chair. ::: significan1: lif:i:1g was i~volved.
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legs to suppcr'C themselves as they are pulled -:0 a standing

position, and ~his reduces the force required to lift them to a

standing posit~8n.

While standing the person up, the baseline transfer method

resulted in an average back compressive force of 2,703 N (range =

::'641 - 3573 N). The average back compressive force, ·/lhile helping

resident off of the bed, was smaller than -:he mean back

compressive forces associated with lifting the legs or torso while

rotating the resident. The main reason is that the nursing

assistants only helped the resident to a standi::g position as

compared to lifting the t8tal weight of the resident. The

residents could remain passive during the first activity but could

:lot during the second activity. In practice, it is impossible for

simulated residents not to use their legs to support themselves as

-:hey 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 '/lalking belt '/las

essentially the same as for the baseline method.

The average back compressive force was 2,951 N (range = 2094 -

~36~ N) when :~e rssident ~~as rolled t8ward an ass~3~an~ and 2,698

~; (range = 1204 - 4745 N) ~hen the resident was rolled away from

:ne assistant.

The average back compressive force was 3,454 N (range = 2436 ­

~618 N) when a single assistant rotated the resident to the edge of

-:he oed. This mean compressive force also exceeded the NIOSH

act~on limit 13,400 N) and was statistically larger than the mean

~ack compressive forces associated with all of the c-:her activities

except lifting the resident's torsos.

In summary, the averace back compressive fcr:es associated
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with preparing a resident for transfer using the basket-sling lift

and overhead lift were smaller ~han the forces associated with the

baseline method and the NIOSH recommended action limit. Thus, the

basket-sling and overtead lif~s can significantly reduce the

biomechanical loading en the nursing assistants' backs during the

transfer of residents. Also, if the stand-up lift is 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 CAPABILITY

The percentage of the popula~ion capable of performing a task

is based on a comparison between ~he externally induced torque at

a joint and the func~ional 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

inadequa~e strength. ~hree percentages of population capable of

performing the task (torso streng~h, hip flexor/extensor strength,

and ~he ~inimum of ~~l body ~cints) were =alculated 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 =apable was quite wide. This is

primarily due to the individual nursing assistant anthropometry.

Large nursing assistants create ~~rge biomechanical loads. This in

turn results in a small percent 2f the population - only the very

streng - ceing capable of perfor~ing the task. A close examination

of ~hose observations Nith small percentages ef the population
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capable also .:evealed tha-c relatively large hand forces were a

significant factor.

Torso. When ~sing the ~aseline transfer method, the average

percentage of :je popula-cion capable of performing the activity of

lifting the .:esident's torso when two nursing assistants rotated

the resident ~o a sitting position on the edge of the bed was 78

percent (range 26% - 95%). The average percentage was 84 percent

(range = 53% - 97%) when ~ifting the legs of the resident when two

nursing assis:ants rotated the resident to a sitting position on

the edge of t~e bed.

When rol':"ing the .:esident, the average percentage of the

population capable was 84 percent (range = 38% - 97%) when the

resident was .:~lled toward the assistants and 87 percent (range =

44% - 96%) when the resident was rolled away from the assistants.

For the stand-up :ift, the average percentage of the

population capable of ro-cating a resident to the edge of the bed

was 74 percen: (range = ~l% - 97%). This average percentage was

significantly smaller than average percentages associated with
. . . .

o:ner actlvl-C~2S.

When ~si~g the ~aseline transfer method, the average

percentage capable was 46 percent (range = 11% - 88%). This mean

percentage was significan-cly smaller than the average percentages

capable with :he other transfer methods, except the transfer

u-cilizing the stand-up ':"ift and sliding board. The average

percentage was 58 percent (range = 12% - 35%) for the activity of

lifting the _2gS of the .:esident when two nursing assistants

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

The ave.:a=2 percentage capable was 64 percent (range = 16% -
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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 lift, the average percentage of the

population 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 associated with

other activities.

Resident Effect. The biomechanical data were also analyzed by the

resident and transfer method to determine the resident effectc 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 ':lexion angle, trunk lateral bending, and trunk rotation

angle between the heavier resident and the lighter resident. The

mean ~and force, required to transfer the heavier resident, was

signi':i~antly larger than the mean hand force required to transfer

the lighter resident with the corresponding transfer method .

. The biomechanical measures based on the nursing assistant

specific anthropometric data are summarized by ::he resident in

Table 10 using group data for all nursing assistant and transfer

method combinations. The biomechanical measures are further

summarized by method using group data for all nursing assistants

for each resident in Tables 11 and 12.
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:'ab':"'e 7

'lar:'ables
'I'ru::.< flexion
ang2.e (0)

'I'::u:::< lateral
benC:':'ng (0)

:'n;.:-.:< rotation
ang2.e (0)

::an::: :orce (N)

Input Data by the ~esident

Heavier
Resident
(N=1l4) :

43±ll j

17-694

12±8
0-38

12±8
0-37

146±59
44-315

:'ighter
?.esident
:N=1l4 )

44±1l
20-75

1l±7
0-34

1l±6
0-35

::'14±40
44-231

Signi:::'cant
Diffe::ences2

No

No

No

Yes

Number of observations :" a" nursing assistants x 2 residents x 2
replications) .
Means for the heavier and t~e lighter resident are significantly different
(p < 0.01).
Mean and standard deviatic:: of N observations.
Range of Observations.
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Table : Input Data f~r Biomechanical ~~~alyses for Transferring ~he Eeavie!
?.esident

~:::VITY #1 - Rotatina/Rolling the Resident to Prepare for Transfer
Baseli~e method Basket-sling lift Stand-up lift

and and and sliding
walkir.~ belt overhead lift board
(two-person) (one-person) (one-person)

Trunk ':'ateral l3±6 8±7
bendir.; . ::, 8-26 0-21I

Trunk =:tation 12::7 12±6
angle 0-2'0 4-21

Hand ::::-::e (N) 150±27 188±52
93-173 113-262

Varia:C':'2s
Trunk f':'2xion
angle ':'

Lifting
torso
(N=10l 1

41±5 2

35-50 3

Lifting
legs
(N=10)

41±12
26-62

Rolling Rolling Rotating
toward away resident
(N=18) (N=18) (N=18)

35±7 36±11 44±9
25-50 17-50 26-57

5±5 6±5 23±lO
0-14 0-15 3-38

7±6 9±5 23±H
0-20 2-17 4-37

39±19 109±27 227±54
44-120 62-147 134-315

Group :"a::::e1 4 C B E

~CTIVITY #2 - ~elp/Pull the Resident to a
o A

Standing Position
Overhead Stand-up lift
liftS and sliding

boardS
Trunk f:"2xion
angle

Trunk :"ateral
bend':":-.. ; :)

Trunk =:tation
angle

:ciane ::=::e (N)

Baseline Walking Basket-
method bel t sling
(N=20) (N=20) liftS

50±11 49±lO NA
33-65 29-69

14±4 12±6 NA
5-24 0-21

10±6 14±5 NA
2-25 6-25

153::42 126±39 NA
53-209 48-195

r' 0'-

NA

NA

NA

NA

NA

NA

NA

~;'..:.."':'.ber of obser'lations ("a" :"lursing assistants x 2 residents x 2
=eplications) .
~ean (41) and standard deviation (5) of N observations.
~ar.ge of Observations.
~ean hand forces ~ith the same group label are not significantly different

:: > 0.01).
=~r~r.g this acti7ity, the nursing ass~stants used the handset control to
:~e=ate the lift devices to lift the resident out of the bed and lower
:.~.::: the chair. ~;o significant lifti:-.:; was invo17ed.
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Table 9 Inp~~ ~ata for Biomechanical Analyses for Transferring the Lighter
Res':'::ent

ACTIVITY #1 - ~otating/Roll':'ng the
Baseline me1:hcd

and
wal:<ing belt
(-:-,,·o-per s on)

Residen~ ~o Prepare
8aske1:-s1':'~g lift

and
overhead lift
(one-person)

fer Transfer
Stand-up lift
and sliding
board
(one-person)

Variables
Trunk flexion
angle (0)

Trunk lateral
bending (0)

Trunk rotation
angle (0)

Hand force (N)

:''::'fting if~'::'ng Rolli:1g Rolling Rotating
:::::rso egs toward away resident

:1=10) 1 N=10) (N=18) (N=18) (N=18)
44±4 z 36±10 36±5 37±8 41±8
35-50 3 20-51 29-46 25-55 32-55

U±6 12±7 6±5 8±4 20±9
4-20 0-21 0-15 0-15 7-34

9±4 1l±9 7±3 8±5 17±8
4-15 0-25 2-13 2-16 1-35

:''::3±27 l59±21 76±n 95±21 162±42
39-168 :'20-196 44-122 54-129 58-231

Group labe1 4

.i\CT~'/ITY

Variables
Trunk flexion
angle (0)

8 A D
=2 - Help/Pull the Resident -:e a
Baseline Walking Baske::-
=ethod belt slina
~=20) (N=20) lift!

54±10 51±9 NA
40-75 30-63

C A
Standing Position

Overhead Stand-up lift
liftS and sliding

boardS
NA NA

Trunk lateral
bending (0)

Trunk rota1:io~

angle (0)

:-:and farce (:Ji

:;roup label'

12±5 12±4 NA
5-24 5-20

U±5 l3±4 NA
4-20 6-22

:'J6±23 :':2±28 NA
-S7-151 53-160

C "-

NA

NA

i'IA

NA

NA

NA

Number of :::serva1:io:1s "a" nursing ass'::'stants x 2 residents x 2
replications .
Mean (44) a~d standard deviation (4) of N :::servations.
Range of observations.
Mean hand fcr=es with ::~e same group label are not signif'::'cantly differen1:
(p > 0.01).
During this a:~ivity, :he nursing assista~:s used the handset control to
operate the l~ft devices :0 lift the resi::ent out of -:~e bed and lower
into the cha~r. No significant lifting was involved.
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Table 10 Biomechar-~=al Measures for Resident Transfer ~y the Resident

Variables
% Capable"
(Torso)

% Capable 3

(Hip)

% Capable 3

(Minimum)

Compressive
force (N) 3

::eavier
3.esident
:;=114)1

:3l±16'
26-97 5

S3±28
4-92

46±30
1-92

.=::'D2±677
~:70-4999

Lighter
Resident
(N=1l4 )

85±14
36-97

60±26
7-93

54±28
5-93

2818±567
1641-4397

Significant
Differences 2

Yes

Yes

Yes

Yes

Number of obsec:a-::'ons ("a" nursing assistant:s x 2 residents x 2
replications) .
Means for the heav~er and the :ighter resident are sig~ificantly different
(p < 0.01).
Using the specl:~= height, body weight and gender of the nursing
assistants as mode::' input.
Mean and standard ieviation of N observations.
Range of Observat:~:~s.
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-=-,,-ble :'1 S~~~ary of 3iomechanical Measures
Resident

for Transferring the Rea.v::::;:,'

~CTIVITY ~l - Rotating/Rolling the
Baseline method

and
:'lalking belt
(two-person)

Residen~ to Prepare
Basket-sling lift

and
overhead lift
(one-person)

for -=-:-ansfer
Stand-up lift
and sliding
board
(one-person)

2786±708 3635±639
1881-4745 2436-4618

~ Capable 2

,:'orso)

~ Capable2

::ip)

~ Capable2

:·!ini:::-.:.:m )

::C::lpressive
for~eN)2

Lifting Lifting Rolling
torso legs toward
(N=10) 1 (N=10) (N=18l

77±23 J 83±13 83±17
26-93 4 53-93 38-96

43±33 59±25 64±22
11-82 18-85 16-88

37±30 51±29 54±25
11-77 15-85 16-88

3676±572 3216±517 3081E31
2977-4999 2298-3085 2407-4367

Rolling
away
(N=18)

85±16
44-96

71±21
19-92

70±21
19-92

:\otating
:-esident
;N=18)
i1±16
41-93

26±21
4-73

19±20
1-73

:;roup :'abe1 5

ACTIVITY

':ariab':'es
~ ':apable2

:'orsc:

A B B,C
#2 - Help/Pull the Resident ~o a
Baseline Walking Basket-
method belt sling
(N=20) (N=20) lift"

83±15 86±14 NA
45-96 48-97

o A
Standing ?osi~ion

Overhead Stand-up lift
lift" and sliding

board"
NA NA

NA~:::apable2

:-:3..p)

~ Capa~le2

:-~ir.i:::-:_:.rn )

:::::-':Jressive
:::::-~e :1)2

50±26 57±28 NA
7-80 5-89

41±30 49±29 NA
2-80 5-89

2919±434 2768±703 NA.

1838-3573 :'570-4203

C,D D

NA

NA ::,:.l.

:;umber of observatior.s ~ "a" nursing assistants x 2 :-esidents x 2
:-eplica~ions) .
~sing the specific height, body weight and gender ~- the nursing
assistants as model input.
~ean (77) and standard deviation (23) of N observations.
~ange of Observations.
:-:ean compressive forces with the same gr(;up label are r.c~ 5ignificar,~:'~'

iifferen~ :p > 0.01).
::urir.g this activity, the nursing assistants used the nar.dset contro':' to
operate the lift devices to lift the resident out of ~he bed and lower
into the chair. No significant lifting was involved.
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Tab2.e l2 Summary ~: Biomechanical :'!easures for ':'ransferring :be ;.1 ghter
Resident:

ACT:'::TY #1 - Rotat:ing/Rolling t~e Kesident te Prepare for Transfer
Baseline met:hed Basket-sling lift Stand-up lift

and and and sliding
walking belt overhead lift board

(two-person) (one-person) (one-person)

Variables
% Capable~

(Torso)

Lifting
torso
(N=10) 1

79±23 3

36-95 4

Lifting
legs
(N=10)

85±13
59-97

R.olling
toward
(N=18)

86±13
48-97

Rolling
away
(N=18)

88±10
63-96

Rotating
resident
(N=181
78±16
45-97

% Capable:
(Hip)

50±28
17-88

57±25
12-84

65±22
21-91

73±17
31-91

37±28
7-93

% Capable~

(Mi"i::lUIll )
40±24

7-77
55±25
12-84

58±26
9-91

70±20
31-91

27±29
5-93

Compressi'.-e
force (N)2

3299±625
2391-4397

3085±462
2585-3806

2822±452
2094-3904

2610±424 3273±439
2.804-3438 2470-3990

Gro~p labe2.' A A B C A
Standing Position

Overhead Stand-up lift
lift 6 and sliding

boardD

NANA86±14 87±11 NA
46-97 58-97

Baseline Walking Basket-
method belt sling
(N=20) (N=20) lift 6

ACTIVITY #2 - Help/Pull the Kesident to a

Variables
% Capable~

(Torso)

% Capable:
(Hip)

% Capable~

(Mi:-..::::urn i

force (N):

Gro~;:) labe2.'

65±26 64±25 NA
8-93 15-90

60±27 59±26 NA
8-91 14-90

2487::448 2552±566 NA
1641-3187 1706-352:

~ C~

NA

NA

NA

NA

NA

Number of observat:ions (" a " r.ursing assistant:s x 2 resident:s x 2
replications) .
using the specific height, body weight and gender of the nursing
assis~ants as model input.
Mean -9) and s~andard deviation 23) of N observations.
R.ange of observat:ions.
Mean compressive forces with the same group label are not significantly
different (p > 0.01).
Juri~; t:his act:ivity, the nursing assistants used the handset control to
opera~e the lif~ devices to lift ~he resident out of the bed and lower
into ~~e chair. No significant lifting was involved.
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CONSISTENCY OF NURSING ASSISTANT PERFORMANCE

~~ere were 114 data points for each replication. The ~ean and

s~anG~=d deviation of the back compressive forces for the first

repl~=~~ion were 2947.1 and 629.8 N, and 2973.6 and 645.1 N for the

secer-d =eplication. The mean and standard deviatien of ~he hand

forces for 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

showed that there 'Nas no significant difference between

repli:~tions one and two. As a group, the nursing assistan~s were

quite consistent when performing resident transfers.

STATISTICAL MODEL VERIFICATION

~::e R2 for the statistical model used to analyze the back

comp=essive force data is 0.94. The F-statistic for the model is

15.6: .2 = .0001). The predicted back compressive force and the

resid~~l values are plotted against the observed back compressive

force :':1 Figures 22 and 23. The residuals are normally and

randc~:j distributed. The residual values range frem -532 to 532

N and remain constant ~hroughout the range of the obser~ed back

comcressive force. In addi~:'on, the mean of the residual ~alues is

equa_ -:0 zero. All of ~hese statistics indica~e -:::at the

stat:'s-::'cal model is adequa~e.

::-.e R2 for the statis~ical model used to analyze ::::e hand

force data is 0.94. The =-statistic for the model is 16.31

;2 = .::01). The predic::ed hand force and the residual val~es are

plot-:ed against the observed hand force in Figure 24 and ~~. The

resid·..:a:s are normally and randomly distributed. The residual

values range from -40 to 40 N and remains constant throughout the
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range of the observed hand forces.

residual values is equal to zero.

In addition, the mean of the

All these statistics also

indicate that the statistical model for analyzing the hand force

data is adequate.

Baske~-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 located at the back of the sling while

lowering it:. If done correctly, no repositioning is necessary.

The ease with which this activi ty is done is important both in

reduci~g t~e physical stress on nursing assistants and for resident

comfor~ 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 :orce data are presented

in Appendix I for all combinations (nursi~g assistant - resident -

device) of transfer, and are summarized ~n Table 13. The sling

handle on lift #5 required the largest mean force of 174 N (range

= 53 - 263 N), which was significantly larger than the mean pulling

forces associated with other basket-sling lifts.

The design of the sling, the s~~ng ~andle, the handle

position, and frame of the lift are the primary factors that cause

the differences in the pulling forces between different lifts. The

handle on some slings is positioned ::00 low, and is not easily

grasped. :his resulted in an awkward pos::~re while pulling.
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The average pulling force was 160 N when the heavier resident

was positioned in the chair and 134 N when the lighter resident was

seaLed. 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 :ift while residents was being

supported in the sling, and gliding the residents across the

sli::iing board.

~he pushing and turning forces are further sWTh~arized by device

for Doth 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; range = 15 - 38 N). The sliding board required the largest mean

turr.i~g force (81 N) which was significantly larger than the mean

turr.i~g forces associated with t~e lift devices.

~hen statistical analysis was performed on the basket-sling

lif"': data, the mean pushing force for lift #5 ·N·as significantly

sma~:er :~an those mean pushing forces for lifts #6 and 7. There

were ~o statistical differences i~ the mean turning forces among

the 2asket-sling lifts.
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Table 13 ?u':'':'ing Force Requi~ed by the Basket-sling Lift

Both Residents (N=18)

Method Mean Group Standard R.ange
(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 80-240
The Heavler Resident (N=9)

Method ~-1ean

(N)
Lift #5 191
Lift #6 171
Lift #7 122
Lift #8 163
Lift #9 152

Method

Lift #5

Lift #6

Lift #7

Lift #8

Mean
(N)

:'57

:'14

:'21

140

Group Standard R.ange
label deviation
A 67 67-263
A 35 120-209
B 48 49-196
A,B 52 67-240
A,B 45 93-214

The Lighter Resident (N=9)

Group Standard R.ange
label deviation
A 49 53-214

B / , 35-147<-.

B 41 36-174

A,B 45 53-209

Lift #9
Notes: 1)

2 )

:37 A, B 45 80-240
The pulling force is associated with the activity of
pu~':'i~g a handle on the back of the sling while loweri~g

the ~esident into 1:~e chair in an upright position;
Mea~ pulling forces with the same group label (A or B)
are ~~t significant~j different (p > 0.05).
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Table 14

Method

Residen~/Device Maneuvering Forces :N=18 for both
residents and N=9 for each resident)

Mean- Group Standard Range Mean Mean
(N) labe1 2 deviation Heav~ Light 3

Pushing Force
Lift #1 37

Lift #2 35

Lift #3 36

Lift #4 37

Lift #5 39

Lift #6 44

Lift #7 43

Lift #8 24

Lift #9 42

Turning Force
Sliding board 81

Lift #1 31

Lift #2 27

Lift #3 27

Lif~ #4 29

Lift #5 29

Lift #6 31

Lift #7 31

Lift #8 24

C,D

D

C,D

C,D

B,C

E

A,B

B

B,C

B,C

a,c

B,C

3

B

C

7

6

6

10

6

7

6

6

7

40

7

4

10

6

5

6

8

5

28-53

25-44

25-44

15-59

25-55

32-57

35-54

15-38

30-53

38-163

20-42

20-34

8-47

21-43

20-39

23-41

10-52

16-34

38

38

42

47

44

45

29

32

28

28

30

:6

35

32

33

32

28

56

42

23

39

74

29

27

26

29

28

31

30

23

Lift #9 32 3 7 20-45 32 32
The mean ~aneuverinG :~=ce is associa~ed with the ac~~~~~y of pushing and
turning ~~e lift to ~~e ctair while t~e resident is su~~cr~ed in the sli~;;
Mean pushi~g or tur~~~; :orces with ~~e same group lace~ (A or B) are ~ot

significantly differe~~ :? > 0.05);
Mean pushi~g or turni~g :orces 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~~er than the mean turni~g force for lift #1. No s~atistical

differences in the mean turning forces were found among the stand­

up ~ifts.

~he data for the basket-sling and stand-up lifts for each of

~he four manufacturers were averaged and compared in Table 150

?ushing and turning forces were further summarized by type of

lift \basket-sling vs. stand-up lifts) in Table 16. The average

pusr-ing force was 42 N for t~e basket-sling and 36 N for the stand­

up :ift. The average turnir.g force Nas 31 N for the basket-sling

and ~? N for the stand-up lif~. Statistical differences were found

in t~e mean pushing forces or turning forces between the basket­

slir.g and stand-up lifts.
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Table ' c:: Resident/Device Maneuvering Forces by the Manufac~urer1,.,

(N=18)

Method Mean Group Standard Range

(N) label deviation

Pushing ?orce

Manufact:.:.::-er 1 38 A 6 28-52

Manufact:.:.::-er 2 40 A 5 33-50

Manufact:.:.::-er 3 39 A 4 33-48

Manufact:.:.::-er 4 39 A 8 26-55

Turning ?orce

Manufact:.:.::-er 1 30 A 5 22-40

Manufact:.:.::-er 2 29 A 7 19-41

Y!anufac-: '~~er 3 29 A :) :'6-43

Manufact:.:.::-er 4 31 A 5 22-40

Notes: :.) The maneuvering force is associated with the activity of
pushing and t:.:rning the lift to the chair while the
resident is supported in the sling;

2' Mean pushing or turning forces with the same group label
(A or B) are ~~t significantly different (p > 0.05).
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Table 16 ~esident/Device Maneuvering Forces by the Type of Lift
(N=72)

Method

Pushing Force

Mean
(N)

Group
label

Standard Range
devia-cion

Basket-sling lift

Stand-up lift

Turning Force

Basket-sling lift

Stand-up lift

42

36

31

29

A

B

A

B

7

7

7

7

25-57

15-59

10-52

8-47

Notes: 1) The maneuvering force is associa-ced with the activity of
pushing and turning the lift :'0 the chair while the
resident is supported in the sling;

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

The design of the wheels, width and length of the lift base,

shape of the lift base, and locations of the pushing frame are the

primary fac-cors :.hat cause the differences in pushing and turning

forces between different lifts. Some lifts have six wheels and

SOi.,e rave f·::;ur. Some manufacturers l:sed a single wheel castor

whi~e others used double castors. An inappropriate pushing frame

posi:.ion may force the nursing assistan-cs :'0 use awkward postures

which aggravate the effec-c of large pushi~; or turning forces.

In summary, :.he sliding board is the sost difficult and lift

#8 is the easies:. to maneuver. There were some differences in

pushing or tur~ing forces between lif:.s, and there was a

significant difference in pushing force ce-cween the heavier than

the lighter residents. The basket-sling lift required greater
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forces to push or tur~ than the stand-up lift. Pushing the lift

while the resident is being supported in a sling is more stressful

than turning the lift.

PSYCHOPHYSICAL ANALYSIS

Ratings of Perceived ~xertion. The R?E ratings for the 12 transfer

methods are summarized ~n Table 17. ?or all but lift #9, the lower

back was perceived as the most stressed.

Shoulder - The baseline method ~ad the largest mean shoulder

RPE (9.8). Lifts #5 and #9 had the second largest mean shoulder

RPE (9.7), and Lift ~2 had the small=st shoulder RPE (7.7).

Upper Back - The largest mean "J.pper back RPE rating (9.8)

occurred when using lift #5, and ':he second largest (9.6) was

associated with the baseline method. Although this difference was

statistically signif~=ant, it probably has limited practical

significance.

Lower Back - The largest mean l~wer back RPE (10.4) occurred

when using the slidi~; board, and t~e second largest (10.3) was

associated with the baseline transfer method and lift ~5.

Transfers using lift ~2 were again ~ated the least stressful with

a mean of 8.0.

Whole Body - The largest mean ·.·;hole body rating (10.1) 'Nas

associated with the ~se of the baseline transfer method and the

sliding board. The =-.2xt largest ::-.ean whole body RPE (9.8) 'Nas

associated with lift ~~. Moving res~ients with lift #2 was again

observed to have the 5~allest mean ~ating (8.0).
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-::'a.ble 17 Ratings of Perceived Exertion for Resident ':'ransfer by
Method (N=18 1

)

Ratings of perceived exertion

Shoulder Upper Lower Whole
back back body

- __ - I

__ - - ~ I

( 1)

. \

. \

! .. \

\ - i

{ 1)

3asel':':1e method 9. 8±2. 02 9. 6±2. 2 10. 3±2. 0 10. 1±2. 0
7-13 4 6-13 7-13 7-13
(A) (A) (A) (A)

8.S±1.6 8.3±1.9 9.0±1.7 8.7±1.6
6-12 6-12 7-11 7-12
(DC) (BCD) (BC) (BC)

9.2±2.2 9.2±1.9 10.4±1.9 10.1±2.3
7-1S 7-13 7-13 7-14
(ABC) (ABC) (A) (A)

8.4±1.9 8.2±2.0 8.7±1.8 8.4±1.8
6-12 6-13 6-12 6-12
(DC) (DC) (BC) (BC)

7.7±1.1 7.6±1.2 8.0±1.4 8.0±1.2
6-10 6-10 6-11 6-10
(D) (D) © ©

8.4±1.S 8.S±1.4 8.8±1.S 8.S±1.3
6-11 6-11 6-11 6-10
(DC) (BCD) (BC) (BC)

8.2±1.7 8.2±1.8 8.4±2.0 8.3±1.6
6-13 6-12 6-13 6-12
(DC) (DC) © (BC)

9.7±1.7 9.8±1.8 10.3±1.8 9.8±1.8
7-13 7-13 7-13 7-13
(AB) (A) (A) (A)

8.8±1.S 8.2±1.2 8.7±1.3 8.4±1.2
7-12 6-10 7-11 7-11
(ABC) (CD) (BC) (BC)

8.4±1.4 S.3±1.3 8.7±1.6 8.6±1.S
6-11 6-1: 6-11 6-11
(DC) (BCD) (BC) (BC)

8.7±1.4 8.9±1.S 9.6±2.0 9.2±1.9
7-13 7-12 7-13 7-12
(BCD) (ABC) (AB) (AB)

9.7±2.3 9.3±2.3 9.S±1.8 9.7±2.1
6-13 6-15 7-13 7-13
(A) (AB) (AB) (A)

~'i'al:<'ing belt
(2)

Sli:iing board

- ~.;:- #1

Lifo: #4

:"i':o: #2

::i':o: #S
( " ,
\ -,

:"i':o: #6

~=20 for the baseline and walKlng belt methods.
;'!ean and standard deviation of nine n'..lrsing assistants and two
::-esidents.
~ of nursing assistants ::-equired by the transfer method.
~ange of ratings.
:olurnn means with the same group label are not significantly
:iifferent (p > 0.05).
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In s~mary, some devices received psychophysical stress

ratings as high as the baseline transfer method. The high stress

ratings for some devices were caused by the postural stresses which

resul t from sub-tas ks such as placing and removing slings from

underneath ~he patient, attaching slings to the ~ift, maneuvering

and steeri~g the lift 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 method

was consistently perceived as causing a different stress level than

another meth0d. The psychophysical ratings indicated that the use

of the sliding board and lift #5 did not result in a reduction in

perceived stress to the shoulders, ~pper back, lower back, or whole

body of the nursing assistants. The use of the assistive devices

including the walking belt generally resulted in significantly less

perceived 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 ::\PE data are summarized by the

transfer ~ethod group i~ Table l3. There were four designs of

basket-sling lifts and four designs of stand-up lifts. There was

only cne design in each of the other four method groups.

At the shoulder, the baseline transfer ~ethod was the most

stressful. The walking belt and stand-up lift had significantly

lower ratings than the baseline method.

At the ~pper back, the baseline transfer ~ethod was again the

most stressful, and +-',--"e walking belt and stand-up lift had

significant~y lower ratings than the baseline ~ethod. In addition,

the ~ean ~~~er back rating for the stand-up lift was significantly
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lower than that :or the sliding board.

The nursing assistants consistently rated the lower back as

the most highly s~ressed part of the body. The largest mean lower

back RPE (10.4) occurred when the sliding board was used. The

second larges~ ~ean RPE was 10.3 when the baseline transfer method

was used. These two mean ratings were statistically higher than

the other mean ra~ings with the exception of the transfer utilizing

the overhead l~ft. There were no significant differences in the

mean ratings for the lower back among the basket-sling lift, stand~

up lift, and walking belt.

The nursi~g assistants were directed to complete the ease of

use rating by evalua~ing all aspects of device use except physical

exertion. This was rated separately, and this point was reinforced

during each rat~ng period.

The ease of use ratings for each transfer method are

summarized in Table 19. The smallest mean ease of use rating (1.4)

was observed with lift #2, while Lift #5 received the largest mean

ease of use ra~~~g (2.9).

Table 19 i~dicates that the minimum rating for every transfer

me~hod was . :extremely easy, and the maxi~um rating varied with

method. The sliding board a~d lift #5 had a maximum rating of 5

(extremely diff~cult). This ~a~tern sugges~s that there is a great

deal of individ~al variability in the perception of difficulty of

use of equipmen~. This 7ariability probably reflects the

differences in size, strengt~, flexibility, and experience of the

nursing assista~ts.
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-:'able 18 Ratings of Perceived Exer~ion for Resident Transfer by
Method Group

Rati~gs of perceived exerti:~

:·!ethod Shoulder Upper Lower Whole
;roup back back body

3aseline method 9.8±2.0~ 9.6±2.2 10.3±2.0 10.1±2.0
(2) 2 (7-13)3 (6-13) (7-13) 7-13)

(A) (A) (A) (A)

~'lalking belt 8.S±1.6 8. 3±l. 9 9. Oil. 7 8.7±1.6
(2) (6-12) (6-12) (7-11) .7 -12)

(B) (BC) (BC) .~

3asket-:-sling lift 9.2±1.8 8. 9±l. 8 9. 3±l. 7 ~ ,. 1 8
~.l..!: •

(1 ) (6-13) (6-15) (6-13) 6-13)
(AB) (ABC) (BC) lBC)

Jverhead lift 8.7±1.4 8. 9±l. 5 9.6±2.0 9.2±1.9
(1 ) (7-13) (7-12) (7-13) .7-12)

(AB) (ABC) (AB) (ABC)

Stand-up lift 8. 2±1. 6 8 .1±l. 6 8. S±l. 7 8.3±l.S
(1 ) (6-13) (6-13) (6-13) 6-12)

(B) © © '4
'=-'

Sliding board 9.2±2.2 9.2±l. 9 10.4±l.9 lC.:±2.3
(1 ) (7-15) (7-13) (7-13 ) '-14)

(AB) (AB) (A) :AB)

Mean and standard devia::ion of nine nursing assistants and two
resider:.~s.

No. of nursing assistan~s required by the trans:er method.
Range of the ratings.
Column means with the same group label are nc~ significan~ly

different (p > 0.05).

The mean whole body .?oPE for ~he baseline ~ransfer method

:0.1) was significar:.~ly hi;her thar:. all other metr.:i means, except

::r the sliding boarc.

In summary, the assis~ive devioe other than
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consistently resulted in less perceived stress to t:he nursing

assistants.

Table 19 Ease of Use Ratings by Method

~·letr.8d

Base.l.ine method

Walki:-:g belt

Sliding board

Lif:: =:=2

Lif:: :1:3

Lift :;:4

Lift :1:5

Lift :1:6

Lift =7

Lift =:=8

_.:.::: =9

N

20

20

18

18

18

18

18

18

18

18

18

18

Mean Standard Range
rating: deviation

1.8 D,:: 0.6 1-3

1.9C,D,E 1.0 1-4

2.7~ 1.0 1-5

2.2 3 ,e 0.6 1-3

1.4 2 0.61-3

1.ge,J 0.7 1-3

1.5S 0.6 1-3

2.9.'. 1.1 1-5

1.9:,J 0.8 1-4

2.0:,J 0.7 1-3

2 . 6-".'" 1 . 2 1-4

2. c-:,:: J. 9 1- 4

~~e nursing assistants rated f~om 1 for extremely easy to 5 for
ex':~emely difficult; and mean ~atings with the same group label
(A, Bf etc.) are not significantly different (p > 0.05).

-:'he ease of use ratings for resident transfer :::ethods are

f~r':~er summarized by the method group in Table 20. :he stand-up

.l.if:: and the case.l.ine transfer :::e~hod ~ad t:he smallest :::ean ~ating

of ::'.3 and the mean for the \,-alking belt method was 1.9. The
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reason the sean ratings for the walking belt and stand-up lift were

low is that tr:eir operating procedures were simple. The sliding

board had the :arges: mean rating of 2.7. The mean ease of use

rating for the basket-sling lift was 2.3.

Table 20

Method

group

Ease of Use Ratings by Method Group

N Mean Standard Range

rating: deviation

Baseline method

Walking belt

Basket-sling lift

Overhead lift

Stand-up lift

Sliding coard

20

20

72

18

72

18

2.6·1\

0.6

1.0

0.9

1.2

0.7

1.0

1-3

1-4

1-5

1-4

1-3

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-of-use ratings for this technique were

low (easy) as expected. The data show that the assistants

indicated that using the walking belt and stand-up lift were as

uncomplicated 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-of-use ratings for 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 classification of weight bearing and non-weight

bearing residents, the residents are also classified into five

different types: nor~al, co~bative, heavy, contracted, and with

medical devices. When the nursing assista~ts were asked to rate

the ease of using tje sling, f~ame, or ease of maneuvering of the

lifts, they were told that normal residents were considered

simulated residents ~n this :ab study. A combative ~esident is

considered as one Nho does not coopera::e in transferring or

repositioning, suddenly resists movement, t~ies to grasp or hit the

nursing assistants, etc. Residents whose cody weights are over 91

kg (200 Ibs) are considered ~s heavy residents. Residents with

contracted knee, elbow, or other body ~oints are considered

contracted residents. A contracted body jcint limits ::he range of
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motion for the adjacent 20dy se~ents. Residents with medical

devices are those who have had surgery or need intensive care so

that devices, such as hear~ and gl~cose monitors, are attached to

certain parts of their bodies. Residents with any of these four

attributes may pose additional dif=iculty in using lift devices.
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Table 21 Ease of Use Ratings for the Sling (Weight Bear~ng)

Resident Characteristics

Methe::'

Lift =

Lift =2

Lift =3

Normal

2.2±1.0 1

1.4±0.5
1-2

9

2. 1±1. 1
1-4

9

Combative Heavy Contracted

3.9±0.9 3.9±0.7 4.0±0.7
3-5 1-5 3-5

7 7 5

2.7±0.8 2.6±0.9 3.0±1.0
2-4 2-4 2-4

7 8 5

3.7±0.8 3.1t1.1 3.6tO.9
3-5 2-5 3-5

7 8 5

With
equipment
3. 6t1. J

2-5
7

3. 0±1. 4
1-5

7

3.3t1.:'
2-5

7

Lift =.J

Lift =:J

1. 7±0. 7
1-3

9
2.2±1.0

1-4
9

3. 1t1. 1
2-5

7
3.3tO.9

2-5
8

2.8tO.9
2-4

8
3. 3±1. 4

1-5
9

3.0±0.7
2-4

5
3. 4t1. 0

2-5
7

2.9tO.7
2-4

7
3.3t1.3

1-5
8

Lift =6

Lift _.

Lift ==<

Lift =9

1.7±0.7
1-3

9

1.9±0.8
1-3

2.3±0.7
2-4

9

2.0±0.7
1-3

9

2.5t1.1 2.4t1.1 2.7t1.0
1-4 1-4 1-4
899

2.6±0.9 2.7±0.9 2.3±0.9
1-4 1-4 1-4
899

3.9±0.8 3.6t1.1 3.4±0.9
3-5 2-5 2-5

8 9 9

2.8±1.2 2.7±1.3 2.8±1.1
1-4 1-5 2-5

8 9 9

2. 8t1. :3
1-5

8

2.6±0.9
1-4

8

3.5±0.3
2-4

8

2. 9±1. :
2-5

8
:·:ean and standard deviation of nine nursing assistants 3.:l.d t'.-IO
::esidents.
~a~ge of the ratings on five-point Likert scale.
~~2 number of ~~rsing assistants believed that the method was going
~: work for the type of residents.
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Table 22 Ease of Use Ratings for the Sling (Non-Weight Bearing)

Resident Charac~eristics

Method

Lift #1

Normal

3.3±l.O"'
2-4 2

43

Combative

4.0± .
4-4

1

Heavy Contracted

5.0±. N/A
5-5 N/A

1 a

\'1i th
equipment
4.5±O.7

4-5
2

Lift #2

Lift #3

Lift #4

Lift #5

2.3±1.5
1-4

3

2.3±1.5
1-4

3

2.3±l.S
1-4

3
2.2±l.O

1-4
9

N/A
N/A
o

N/A
N/A
o

N/A
N/A
o

3.4tO.9
2-5

8

3.0±
3-3

1

3.0±
3-3

1

3.0±
3-3

1
3.3±l.4

1-5
9

N/A
N/A
o

N/A
N/A
o

N/A
N/A
o

3.4±l.O
2-5

7

4.0± .
4-4

1

4.0±
4-4

1

4.0±
4-4

1
3.3±l.3

1-5
8

Lift #6

Lift #7

=.,ift #8

Lift #9

1.7±O.7
1-3

9

l.8±O.7
1-3

9

2.6tO.9
2-4

9

2.0tO.7
1-3

9

2.5±1.1 2.3±1.0 2.7±O.9
1-4 1-4 2-4

8 9 9

2.6tO.9 2.4t1.0 2.3±O.9
1-4 1-4 1-4

8 9 9

3.4±O.8 3.4±1.2 3.2tO.7
3-5 2-5 2-4

7 9 9

2.6t1.1 2.4±1.O 2.7tl.O
1-4 1-4 2-5

8 9 9

2.6±l.3
1-5

8

2.4±O.9
1-4

8

3.4tO.9
2-4

8

2. 9±l. 0
2-5

8

Mean and s:andard deviation of nine ~ursing assistants and two
residents.
Range of :~e ratings.
The nUIT~e~ of nursing assistants believed :hat the method was
going to work for the type of residents.
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Table 23 Ease of ~se Ratings for the Lift Frame (Weight Bearing)

Resident Characteristics

Method

Lift #1

Lift #2

Lift #3

Norma~ Combative Heavy Contrac~ed

2.7=~.:- 4.0±1.O 3.7±1.4 3.6±O.5
1-4~ 2-5 1-5 3-4

9: 7 7 5

2.1iO.3 2.7±1.4 2.4±1.3 3.2±1.5
1-.3 1-5 1-4 1-5

9 7 8 5

2.2±~.J 3.1±0.9 3.0t1.3 3.8tO.S
1-4 2-4 1-5 3-5

9 7 8 5

With
equipment
3.1tO.9

2-4
7

2. 6tl. 3
1-5

7

3.1t1.2
2-5

7

Lift #4

Lift #5

:'.7±C.-
1-:3

9
2.1t1.:

1-4
9

3.1±1.3
1-5

7
2.5t1.2

1-4
8

2.St1.2
1-4

8
2.4t1.3

1-4
9

3.4tO.9
2-4

5
2.4±1.1

1-4
7

2. 6t1. 3
1-4

7
2.6±1.2

1-4
8

Lift #6

Lift #7

Lift #9

1. S±C . ..;
1-2

9

2.2±1.:
1-4

9

3.J±:'.~

9

2.0±1.:
, .
l.-q

9

2.8tl.3 2.6t1.3 2.6t1.0
1-5 1-5 1-4

S 9 9

3.3±1.7 2.7±1.2 2.6±1.1
1-5 1-4 1-5
899

3.8±1.~ 3.7±1.4 3.3±1.:
2-5 1-5 2-5
899

3.3±1.7 2.7±1.1 2.4±0.9
1-5 1-4 1-4
899

2.6t1.1
1-4

8

2.5tO.9
1-4

8

3. 3±1. 0
2-5

8

2.5±0.9
1-4

8

Mean and standa~j deviation of ~ine nursing assistants and two
residents.
Range of the ra~~~gs.

The number 2: ~~~sing assis~an~s believed that the method was
going to work ::~ the type of residents.
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-:'able 24 Ease of Use Ratings for i:he Lift Frame (Non-Weight
Bearing)

Resident C~aracteristics

>!ei:hcd

..... __ '- :j:1

Normal

3.0±1.4~

2-5 2

43

Combative

5.0±
5-5

1

Heavy Contracted

4.0± N/A
4-4 N/A

1 0

:Vith
equipment
4.0±0.0

4-4
2

2. 0±1. 0
1-3

3

2.0±1.0
1-3

3

2.0±1.0
1-3

3
2.1±1.1

1-4
9

N/A
N/A
o

N/A
N/A
o

N/A
N/A
o

2.5±1.2
1-4

8

2.0±
2-2

1

2.0±
2-2

1

2.0±
2-2

1
2. 3±1. 2

1-4
9

N/A
N/A
o

N/A
N/A
o

N/A
N/A
o

2.3±1.1
1-4

7

4.0± .
4-4

1

4.0±
4-4

1

4.0±
4-4

1
2.4±1.3

1-4
8

- "-=- ~ 6

- "-=- ::. 7

1.7±0.5
1-2

9

2. 3±1. 0
1-4

9

2.6±1.4 2.4±1.4 2.3±1.1
1-5 1-5 1-4
899

3.4±1.6 2.8±1.2 2.8±1.2
1-5 1-4 1-5
899

2.4±1.3
1-4

8

2.5±1.1
1-4

8

--- 'f8 3.0±1.3
1-5

9

3.9±1.3
2-5

7

3.6±1.53.4±1.1
J..-:J 2-5

9 9

3.1±1.1
1-4

8

- - -- ;;: 9 2.0±1.0
1-4

9

3.3±1.7 2.7±1.2 2.6±1.0
1-5 1-4 1-4
899

2.4±1.1
1-4

8

~ean and standard deviation of nine nursing assistants and two
::esideni:s.
~ange of t~e ratings.
-:'he n~mber of nursing assistants believed thai: :ne method was
going to work for the type of residents.
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Table 25 Ease of Maneuvering Ratings (Weight Bearing)

Resident Characteristics

Met l:.::: j Normal Combative Heavy Contracted With
equipment

Lift =1 2. 1±1. 01 2.7±1.3 3.0±0.8 2. 2±1. 3 2.6±L3
1-4 2 2-5 2-4 1-4 1-4

93 7 7 5 7

Lift =1:2 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±0.7 2.9±0.6 2.6±1.1 2. 6±1. a
1-4 2-4 2-4 1-4 1-4

9 7 8 5 7

Lift =4 1. 9±0 .6 2.3±0.5 2.8±0.5 2.6±0.9 2. 6±1. 0
1-3 2-3 2-3 1-3 1-4

9 7 8 5 7
Slid:'::g 2.3±1.4 4.7±0.5 4.4±0.8 4.0±0.8 3. 9±1. 1
boar::' 1-5 4-5 3-5 3-5 2-5

9 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 =6 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 2.0±0.7 2.5±0.9 2.7±1.0 2.1::0.9 2. 3±1. 0
1-3 1-4 1-4 " " 1-4";"'-Lf

9 8 9 9 8

Lift =8 2 . 2±1. 1 3.4±1.2 3.3±1.3 2.6±1.2 2. 6±1. 3
1-4 2-5 1-5 1-4 1-4

9 8 9 9 8
Lift =9 2.4±0.9 2.8±0.9 3.2±0.8 2. 6±1. 0 2.8±1.0

1-4 2-4 2-4 1-4 1-4
9 8 9 9 8

:·:ean and standard deviation of nine nursing assistants and t'w'O
::esidents.
?ange of the ratings.
:he m.::nber of nursing assistants believed that the method was
;oing to work for the type of residents.
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Table 26 Ea3e of Maneuvering Ratings (Non-Weight Bearing)

Resident Characteristics

Method :Jormal Combative Heavy Contracted With
equipment

Lift #1 2.0±0.8: 2.0± . 3.0± N/A 3.0±0.0
1-3 2 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/A 2-3 N/A 3-3

3 0 1 0 1

Lift #3 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

Lift #4 2.3±O.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 4.3±0.8 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

9 8 9 9 8

:::..ift #7 2.0tO.7 2.5±0.9 2.7t1.0 2.1±0.9 2. 1t1. 0
1-3 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

9 7 9 9 8
Lift #9 2.3±0.7 2.6±0.7 2.9tO.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 3"':3.!1dard cie7iation of nine nursing assistants and two
residem:3.

2 Range of "': :'.e ratin;;s.
The numbe::: ~~ nurs:.:-,.g assistants believed that the method was".).J...

going ~~ ·.·;~rk for "':::e 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 transferring these types of people. They were asked

~o draw on their experiences with these types of people and their

experience with the lifting devices to estimate the ease/difficulty

with which these people could be transferred wit~ devices. While

,:hese estimations a.re subjective, they still provide valuable

insights into the potential utility of lift devices.

Table 21 shows that all nine nursing assistants thought that

all lift devices could be effectively used on normal weight bearing

residents. For combative residents, however, seven of the nine

:elt the stand-up lifts (1-4) would be effective, and eight of the

:-line felt the sling lifts (5-9) ''''auld be effective. The same

nursing assistant said no in both cases, and her concerns were the

combative residents will be resistive to these devices and may hurt

':hemselves or the assistants.

For heavy residents, seven of the nine felt t~e stand-up lifts

(1-4) would be effective, and all nine nursing assistants felt the

sling lifts (5-9) would be effective. There 'Nere two nursing

a.ssistants felt 1 ~ F'" #1 could :'.Ot be used on heavy residents

~ecause they were no': sure the sling could hold/support the heavy

residents.

For contracted residents, five of the nine felt the stand-up

(1-4) would be effective, a.nd all nine nursing assistants

fel t the sling lifts (6-9) 'Nould be effective. T~ere were two

nursing assistants who did not think that lift #5 could be used on

:ontracted residents.

Seven of the nine assistants believed that lifts #1 through 4

:ould be used on '.,'eight bearir:g residents wit:-. medical devices
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attac~ed to them. Eight of the nine assistants believed that lifts

#5 t~=ough 9 could be used on the residents with equipment attached

~o -=~em. The basket-sling lifts have greater flexibility in

=esiient-handling than the s~and-up lifts.

Neight bearing residen:s - The statistical analysis of the

=ati~g data for weight beariug and normal residents is presented in

Table 2l.

:or weight bearing =esidents with the other four

::haracteristics, the mean ease of ::laneuvering rating for the

slidi~g board was significantly highe= than the mean ratings for

othe= lift devices.

TRANSFER METHOD PREFERENCE

:he transfer method data are su~~arized in Tables 27 and 28.

The ~2 transfer methods were divided into three groups: the

base:i~e transfer method and the wal~ing belt were i~ group one;

grou~ two consisted of the sliding board and the stand-up lifts;

'....hile the basket-sling and overhead lifts made up group three.

:hese group classifications were dete=~ined by the similarities i~

:he :=ansfer procedures.

~able 27 indicates that in group one the nursing assistan:s

jid ~:~ strougly prefer one ~ethod over the o~her. ?ive nursing

assL::ants preferred the walking bel': and four prefer=ed tl1e

base:i~e transfer method.
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Table 27

Method

Summary of Nursing Assistants' Method Preference (N=9)

Group ranking

Mean Standard Range Median
deviation

Group One
Basel:'ne F..ethed :. . 6A 0.5 1-2 2
Walking belt 1. 4A 0.5 1-2 1

Groun Twe
Sliding beard 4 . 7-'- 1.0 2-5 5
Lift #1 3.9A 0.8 2-5 4
Lift #2 1. 6c 1.0 1-4 1
Lift #3 2.98 0.6 2-4 3
Lift #4 2.0c 0.9 1-3 2

Group Three
Lift :i:5 3 "8 1.4 1-5 4.1

Lift #6 2.0c 1.3 1-4 1
Lift #7 2.3 8 ,c 1.0 1-3 3
Lift #8 4.9A 0.3 4-5 5
Lift #9 2.7 8 ,c 0.9 2-4 2

Note:
In group one, = the most preferred met:lOd, 2 = the least

pre:er~ed ~ethod.

In g~oups tNO and three, 1 = the most prefe~~ed method, 5 = the
least prefe~~ed method.

Mean group ~ankings in each group with t:-.e same label (A, :3,
etc.) are not significantly different p > 0.05).
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Table 28 Summary of Nursing Assistants' Overall Method
Preference (N=9)

Overall Ranking

Method Mean: Standard Range Median
deviation

Baseline method 9.6-" 4.2 1-12 12
Walking belt 9.2A 3.0 3-11 11

Sliding board 10.1-'- 1.4 7-12 10
Lift #1 8.0-",3 2.1 5-12 8
Lift #2 4.0c,:: 2.1 2- 8 3
Lift #3 6.4 3 ,c 2.1 3-10 6
Lift #4 5 1 c:,:: 2.1 1- 8 6

Lift #5 5.4'::' :; 3.1 1- 9 7
Lift #6 3. aD 2.8 1- 9 2
Lift #7 3.2 2 1.9 1- 7 3
Lift #8 9.3.'. 2.0 5-12 9
Lift #9 4.6(;':) 1.9 2- 7 4

1 = the most preferred method;
12 = the least preferred method;
and mean ranki~gs with the same group label (A, B, etc.) are
not significan~ly different (p > 0.05).

The differences were quite pronounced in group two where the

means ranged :rom 1.6 :0 4.7. The range ref2.ects the large

perceived differences ir: :he use of the dev~ces. A similar pattern

was found in group one.

Table 28 summarizes :~e overall ranking of all twelve devices.

There, they were asked to rank from 1 for t~e most preferred method

to 12 for the leas: preferred method. Transfer methods with a mean

overall ranking above 9.0 were significant2.y less preferred by the

nursing assistan:s than :he methods with a mean overall ranking

below 6.5. The ~ursing assistants' preferences are further
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summarized by method ;~oup based on the overall data in Table 29.

No significant prefe~ence ~anking differences were found between

the baseline, walkir.g ~elt, sliding board, and overhead lift method

groups. Overall, the assistants preferred the basket-sling lift

and stand-up lift to any other ~ethod.

Table 29 Summary ~f Nursing Assistants'
Preference by Method Group

Overall Method

Method ~·:ean Standard Range
group ~anking: deviation

Baseline method j.6-" 4.2 1-12

Walking belt :. ').; ~ r 3-11- . "- j.v

Basket-sling lift 1 ;3 2.6 1- 9-:.~

Overhead lift j.3A 2.0 5-12

Stand-up lift :: . 98 2.5 1-12

Sliding board ::. J. 1-; 1.4 7-12

The nursing ass~stants ranked from 1 for the most preferred
method to 12 for ~~e least preferred method; and mean rankings
with the same g~~~p label :A, 3, etc.) are not significantly
different (p > :.:5).

WORK TIME CONSIDERATIONS

Task ?erformance Time and Nursi~g Assistant Work ~i~e. A transfer

procedure must be pra:~ical if ~urs~~g personnel are to use it. A

~ey aspect of practica~~j is the amo~~t of time requi~ed to use the

procedure, and in fac~ juring i~terviews, the researchers found the
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excessive eime required by older style devices was the main reason

they were not used.

:ask performance time and nursing assistant work time =equired

for -:.:-ansferring residents from bed ~o chair are summarized i.n

Tac'::'e j
~ r\

v. The mean task performance ~ime was 63 seconds (range :::::

28 118 seconds) using the baseline transfer method and :32

sec8nds (range = 103 - 182 seconds) using the walking belt. The

mean performance time was 176 seconds (range = 106 - 240 seconds)

usin= ~he sliding board. There were significant differences among

these c.::ree ,neans (63, 132, and 176 seconds). The three means

inv8'::'ied significantly shor~er times -:jan those required by other

me~n8~s. ~if~ #8 hand the '::'ongest mean task performance -:ime (324

seccnds; .:-ange = 260 - 393 seconds). Lift #4 had the shorc.est mean

task perfon-lance time (207 seconds; .:-ange = 123 - 287 seconds).

There were no significant differences in the mean task performance

ti2es be~ween lifts #2, 3, and 4. No significant differences in

the ~ean c.ask performance c.imes were found among lifts ~5, 6, if

an.ci ....
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Time and Nursing Assistant Work TimeTable 30 Task Performance
(N==18 1

)

Task
performance

Method time
(seconds)

Baseline methed 63±28 4

(2)5 (28-118)6

Group
label"

G

Nursing
assistan~

work time
(seconds)
126±56

(56-236)

Group
labe13

F

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 #1 235±51 C 235:t51 C
(1) (132-325) (132-325)

Lift ;2 214±52 0 214±52 0
(1 ) (134-292) (134-292)

Lift ;3 213±40 0 213±40 0
(1) (121-288) (121-288 )

Lift #4 207±43 0 207±43 0
(1 ) (123-287 ) (123-287)

Lift =5 258±45 B 258±45 B
(1) (175-315) (175-315)

Lift =6 264±57 B 264±57 B
(1) (182-380) (182-380)

Lift ;7 257±44 B 257±44 B
(1 ) (180-330) (180-330 )

Lift ;8 324±40 A 324=40 A
(1) (260-393) (260-393)

Lift =9 265±44 B 265±44
(1) 1201-350) (201-350)

B

N == 10 for the baseline and walki::g belt me~hods.

Mean task performance times with the same group label are not
significantly different (p > 0.05).
Mean nursing assistant work times ~ith ~~e same group label (A,
B) are net significantly different (p > 0.05).
Mean and s~andard deviation of nine nursing assistants and two
residents.
Nu~er e: nursing assistants required by t~e transfer method.
Range of task performance time.
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Since the case~~~e transfer method and the walking belt

technique requ~~ed twe nursing assistants, the assistant work times

were double the ~ask ;erf8rmance time, 8r 126 and 264 seconds. The

remaining methcds required only one nursing assistant; thus, the

task perferman2e time is equal to the nursing assistant work time

for those meth8ds. :~ere were no significant differences in the

mean task perfcrmance times between lifts #5 through 7, lift #9,

and the walking belt.

The task performance time and nursing assistant work times are

further summar~zed c'/ :nethod group in Table 31. The longest mean

task performance time, 324 seconds (range = 260 - 393 seconds), was

associated wit~ ~~e o~erhead lift. The mean task performance times

for all six method groups were significantly different from each

other.

The baseli~e methcd takes less actual transfer time and less

nursing assistant ti~e, but the numbers are somewhat misleading to

be done with reasonable safety, the baseline method requires 2

people whereas ~he cevice based transfers require only one. In

practice, these are :':".any times when the second person is not

readily availab~e - and :he person who is working alone attempts

the transfer a_one. :his is "injury prime time". In addition,

al though the ~ransfer ~8 chair is quicker '.-lith the baseline, a

transfer to the bathi~g area, the dining area, etc. will be much

quicker with a devi:::e. Finally, during a transfer, there is

generally some ~~me scent socializing with the residents around the

transfer time. ~~~e spent preparing fer a device transfer can

be used for sC2ializing, while time spent socializing before or

after a baseline ~rans:er is theoretically lost. (Socializing with

the residents s~c~lc be encouraged whenever possible.)
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Thus, while i t ~ppears tha-c a baseline transfer takes less

time, when one examines a :-.umber of transfer parar::e-cers, the truth

is -chat the actual t~me S8en-c to Nork with either ~ethod type is

nominally the same.

Table 31 Task Performar:ce Time and Nursing Ass~5tan-C Work Time
by Method Group

Task Nursing
perforrr.ance assistant

1'lethod time Gro:.:.p work time :;roup
group (secor:ds) label: (seconds) ::'abel 2

Baseline method 63±2:3" 126±56 ~- 1:.

(2) 4 28-2.::":) 0 ( 56-236)

Walking belt ::"32±2-: - 264±53 B
(2) (2.03-182) (206-364 )

Basket-sling lift 261±47 S 261±47 B
(1) (175-38(;) (175-380)

Overhead lift 324±40 A 324±40 A
(1 ) (260-393) (260-393)

Stand-up lift 217±47 C 217±47 C
(1 ) (121-32:) (121-325)

Sl':":iing board :76±39 .. 176±39 D
1 ) (:D6-2':;:·: (106-240)

>lean task perfor::-.ance t~mes ',vl tn the same grc''':~ l.abel (A, S,
etc.) are not signif~can-cly different (p > 0.::\.
Mean nursing assis-can-c ~ork times with the same ;roup label (A,
S, etc.) are not signi:ican-cly jifferent (p > :.05).
Mean and standard ieviat~on of nine nursing ass~5-cants and two
residents.
:~umber of nursing assistants rec".lired by the t:-ar.sfer method.
~ange of task performar.ce time.
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No significant

Co:-:-elation analysis was performed to see whether the bed

height. preferred by the nursir.g assistants correlated with the

biomec~anical and psychophysical ~easures.

correla~ions were found.

Co:-:-elation analysis was also performed to see whet.her the bed

height. preferred by the nursing assistants correlated wit.h the

height., shoulder height, elbow height, hip height, and knee height

of the ~~rsing assistants. No significant correlations were found.

When the nursing assistant.s were questioned about. their

refer:-ec:i height, it became clear that unless the existing height

was grossly difficult to use, no adjustments were made. This was

probab:; due to t.heir daily experience with varying uncomfortable

bed hei:::hts.

COMFORT AND SECURITY

~he residents' comfort and security ratings are summarized by

the transfer method in Table 32, ~here a lower rating means greater

comfor~ and security.

Co~fort - The mean comfort rat.ings for the baseline met.hod ~as

2.7. ~~e compara~ive comfort r~~~~gs fcy the standup l~fts =anged

from l.- :0 3.7, with two being ~ore comfortable and two being less

comfcr~able. A similar pattern ~as observed for the basket :if~s

where :~e ratings varied from 2.2 to 3.9 with three being lower and

two bei~g higher. The walking belt had a rating of l.9 and ~he

slidi~; board had a rating of ~.l. Clearly, there is no pattern

here. ~~e residents comfort was very dependent on the individ~al

characteristics of the lifting devices.

disc..:s sed later.
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Table 32 Ra~~~gs of Comfort and Security from the Residen~

du=:'~g Transfer (N=18 1
)

Method

Comfort

Mean: Standard Range
deviation

Security

Mean Standard Range
deviation

Baseline 2.7 c,0 0.8 1-4 2.1 S,," 0.6 1-3
method

Walking belt 1.9E:,F 0.6 1-3 1. 9F 0.6 1-3

Sliding board 3. 13 ,c 0.9 2-5 2. 7-'_,3 0.6 2-4
Lift #1 3.1 9 ,c 0.9 2-4 2.1S,: 0.3 2-3
Lift #2 1. 7' 0.5 1-2 1. 9' 0.6 1-3
Lift #3 3.4 3 0.9 2-5 2.3 C,J,::: 0.6 1-3
Lift #4 1. gE, F 0.5 1-3 2.1 E" 0.5 1-3

Lift #5 3.91\ 0.8 2-5 2.6 3 ,':,: 0.8 2-4
Lift #6 3.1 9 ,c 0.6 2-4 2.3 D,E: 0.5 2-3
Lift #7 2. 2E, '" 0.5 1-3 2.7 9 ,c 1.0 1-4
Lift #8 2.4 o,E: 0.6 2-4 2.69 ,c,:: 0.7 2-4
Lift #9 2.4 O,E: 0.8 1-4 3.1-" 0.9 2-4

N = 10 for -:::e baseline and walking belt methods.
2 1 = extreme_i comfortable, 5 = extremely uncomfortable; 1 =

extremely secure, 5 = extremely insecu=e; and column
mean ratlr:.::s with the same group label U\, B, etc. ) are not
significan-:':'::: different (p>0.05) .

Secur~:~ - :~e mean security , -ratlng :::::r baseline transfer

method was 2.':'. The comparative security rati~gs for the standup

lifts varied :r:m 1.9 to 2.3, with one being ':'ower and one being

higher. The b~s~et lifts consistently had a worse rating than tte

baseline; -:~ey ranged from 2.3 to 3.1. The walking belt was

slightly mere sesure with a rating of 1.9 while the sliding board

was somewha-: ~=rse at 2.7. Here again, t~e specifics of the device

were critical :: :he ratings. The consis~entlj low ratings of the

basket lifts ',,-ere apparently due to the "i~secure feeling" that ~s
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associated with bei~g suspended in the air from four chains. One

has no feeling of cc~t=ol in this situation.

Subj ects' Comments. I'he nursing assistants' and the =esidents'

comments about the :=~nsfer ~ethods are brieflv discussed below.

Nursing Assistants. Baseline Method - Nursing assistants felt

comfortable with the ~aseline method because it was quick and easy,

and because they we~e familiar with it.

Walking Belts. The ~u=sing assistants liked :~e handles on the

walking belt and be~~27ed that a rocking motion ~ade the transfer

easier. They did net like the buckle on the walking belt because

it was hard to use and the belt might cause tissue shearing when

pulling it to lift =esidents.

Sliding Board. T:--.e board ',..;as quick and useful for certain

situations. :t moved s~oothly, was light, and ~8t as easy to use

as some other methejs. The nursing assis-::ants felt the device

would benefit a resijen: with good upper bcdy s:=ength. The board

ItJorked better :or ~~;h:.-weight people; remov::.,.; the ooard from

under the residents ',.;as difficul t. It ',.;as ::--.~rd to properly

position a resident en the board. The board caused tissue shearing

when it was removed. :he simulated residents found the board scary

because there was r.c:h~ng for them to hold cntc; as a result, they

tended to grab ~he asslstan:s. Real residents would find it even

more intimidating. :'he assistants felt ::-.a: :hey had to be

extremely careful '..:i:h this particularjevice because of the

possibility of :ear~~; :~e resident's skin. :he suojects also did
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no~ feel comfortable witt ~~e board because it was c~rnbersome to

use, i.e., placing a pa~~en~ on the board and then moving them~

Lift #1 - General:y, :ift #1 was liked because it was easy to

use. The problems identif~ed are described below. The knee pads

need to be closer to -::--'e :ifting column so the :::-esident can be

correctly positioned back far enoug~ in a chair. Support arm bars

were too narrow and handle grips were not comfortable for residents

to grasp. The two arm supports were so close tha~ when the

residents were lifted ~p, ~he sling caused undue pressure on their

back and sides. The sli~g that went around the resident did not

have a safety belt. ':'his is a serious safety concern. Nursing

assistants felt the sling was not effective because a resident that

goes limp or moves thei:::- 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 :::-each behind

the legs to fasten or release it. ~he Velcro straps needed to go

around both legs and were difficult to fasten correctly. The bed

was :00 close to the legs :~ fit the ~lelcro in between ~hen, making

the leg straps very diffic~lt to fasten. It would be better if the

strap or straps faste::e·j fror~-: of the legs .:Jne nursing

asslstant did not like ~ne way ~~e lift raised ~r lowered

residents. Residents were raised straight up in the air. The lift

speed was slow due to ~he co~ined effect of low motc:::- speed and

the long travel distance ~f the succort arms. The residents felt

very uncomfortable hang:.:-.g :.~ the air for the :::-ela: i vely long

period of time. Some ass:.s~an-:s fel-: the lift was hard ~o push and

that hooking up the 3~:.n~ to the machine was difficult to

accomplish due to the ~ocrly designed support ar~s.

Lift #2 - The nurs:~~ aSslsta~~s felt lift =2 was easiest ~o
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use. ~te waist belt made it safe for the resident. The loops made

it q~ick ~o hook up the sling to the support arms. Little force

was ~eeded to perform a good, safe transfer.

the 5li~; and the way it lifted the resident.

All assistants liked

The lift was quite

mobile a~j worked smoothly and rapidly. Nursing assistants liked

the 8:~e sling but not the open weave one. The sling may 8e too

long :~r a skinny resident, but too short for a large residento

Assis::a~::s had to lean a resident forward to attach and detach

sling s~raps when the sling was not long enough. The lift did not

seat a resident far enough back in the chair. The hard metal edge

arou~d ~~e foot rest may injure a resident. If the lift gOL close

to t~e residents' toes, the toes would catch under that hard ~etal

area ~= ~~e foot rest. Nursing assistants felt the surface of the

fOOL rest should be plastic without the hard edge on it, or that

rubber 2r a foam piece be placed around it. The footplate ~eeded

to have t~e ridge removed so one's feet did not drag with it as the

machi~e ~as pulled away. Assistants felt they could hurt their

backs d~e to the force required to use the handle to open tte legs

of t~e lift base.

:~=: #3 - This lift was quiCK, easy to operate, and ~obile.

The 5~~~2r~ arms were too narrow and too close to the resident's

face. :te arms appeared to be coming straight at the resident's

face a:'.c. ',.,rere frightening. The machine ':"owered residen~s too

quickl~ :eading to a feeling of insecurity. Some assistants felt

the s_~~~ attachments were bad because they had to bend too ~~ch to

place ~~e sling around residents. The safety belt swung too freely

when ~~~~~~g it over a resident's head and at times acciden~ll hit

the res~::.e!1t in the head and face. This swinging bel t::reated

;:.s th~ belt '.-Jas attached to
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difficul t to =,:"Cach and release the belt when the resident lias

seated. The s=rety belt was hard to fas"Cen when the arm supports

were down. ~~e safety belt also became ':angled, slowing down ~he

use of device.

Lift #4 - This was popular because it was fast and easy to

use. The sli~g was easy to put on the resident because it could be

removed from ~~e unit. The sling was soft and comfortable while

still holding ~je residents well. The support arm bars on this

lift were a l~~tle bit long so residents needed to adjust their

hands on the :-.and holds as they were being raised to a near

standing posi~i~n. The relative long support arms also made them

go up and down = little bit too rapidly.

Lift #5 - The nursing assistants round '+-l\... easier to hook a

sling to this :ift's stationary frame. The frame seemed very safe

because it did ~ot swing. It was easy to steer due to the design,

and number, of ·,o/heels. The sling was too stiff and hard to get

under a residen~, even with the resident's help. The sling was so

stiff that it go"C off center and it was very hard to use the handle

to pull the resident back into the chair. When lowering a residen"C

into the chair ~~d pulling on the handle, one's hand had a tendency

to poke into ~~e residen"Cs' backs. A sof~er and more pliable sling

is recomrnendec. Some residents complained their legs were rubbed

by the edge of ~he sling no matter what size was used. The nursing

assistants observed that the residents s:id down into the sling,

almos"C like t~ey were sliding out of the sling.

Lift #6 - 30me assistants felt tha"C i~ was probably the best

piece of equ:.;::-:-.ent for a nursing home '::ecause of its size and

maneuverabiL. t·,'. The lift provided better control while moving
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feet to prevent

spreader bars

residents found

the resident with t~e ~achine because the residen~ was not swinging

around. A key fac::~:- in its maneuverability ',vas that nursing

assistants did no~ ~ave ~o worry abou~ the resiient swinging into

anything as the uni:: ~oved. Nursing assistants liked the way the

sling hooked on the l~:t because ~he snap fasteners were easy to

reach and connect. :he sling held the residen:: very well. The

til ting stick made . - fairly easy to get the resident seated

properly; however, -:::e tilting bar was hard for some nursing

assistants to push =~Nn because of their shoulder strength. The

leg pieces of the sli::g were somewhat difficult to maneuver in

attaching them unde:- ~ oatient.

Lift #7 - This l~:-: was easy -:0 operate. :he pad around the

hydraulic shaft kep~ -:~e resident's legs from ge~ting bruised. The

sling design made i:: easy to attach. The lift was small and one of

the easiest to move. :he handle on the back of the sling was not

difficult to use in ;~lling residents into good sitting positions.

The magnet on the p~~e:- switch was 7ery convenient. The assistants

did not like the swi::;i::g bars which made hookin; up difficult and

allowed the residen:: ::: swing freely. If a resident moved around

a lot, either the assis::ant or the :-esiden~ could get hit in the

head or face. Somet~~es, it was hard to control the resident in a

sling while turning a::j pushing the ~achine due t: the swing of the

suspender bars. The swinging bars came too close to the residents'

faces when they were =eing lowered into the chai:-. The boom was a

little bit short and -:~e assistants had to watch the residents'

-::-.e~:::- legs f:-om :--.itting the lift column. The

and s~spenders need to be reevaluated. Some

the lift base adjust~ent handle ~ard to move.

Lift #8 - ~~is l~ft was slow to use, hard to maneuver, and
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;e~erally disliked. The l~:ting and lowering speed Nas too slow.

:~e sling was too long and could cause shearing on a patient"s

2~~~~cks when applied or removed. There was nothi~g sturdy for

res~dents to hold for securi~y, so they would reach :~r something

s~a21e (like the nursing assistant) The power unit Nas too close

~= a resident's face while c~nnecting the loops to i~. Th~ sling

Nas ~oo restrictive in the groin area and some assista~~s felt that

~.::e sling was confusing with all its various loops. Seating a

resident in an upright posi~i=n back in the chair was somewhat hard

achieve because there Nas no handle.

Lift #9 - The sling was easy to put on a reside~~ because of

:T.aterial and design. Seating ~n the proper posi~~on was not

d~::icult because there was a handle on the back of the sling. The

~~:t column, however, was teo close to the residents' :egs and may

cause contact bruises. The bars for attaching the sling to the

contacted the lift boem as the resident was re~ated. This

was hard to maneuver with weight on it because the legs of the

base were too long and the suspender bars were swinging too

The wheels were also d~fficult to turn, and residents swayed

:c,uch during ':he ~rans:er. The spreader bar :c.ay hit the

res~dent's face, due to its ~ength. Some assistants :e~t ~hat this

_~:t~ng device was adequate cut for some nursing faci~ities it was

6ig and bulky to be used effectively. The stra~ en the back

h=~ _ little too far down to easi:y pull the reside~t back in a

-- - .. ....-'-'a •

?esidents' Comments.

3aseline and Walking Met~cds - Residents felt

s~~;~': pressure under :.::e~r arffiS, but were .::ot excessively
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uncomfort.able. They felt very uncomfortable when the two nursing

assist.ant.s were of different heights. There was no underarm force

when t.~e walking belt was used on t.he resident.s; the walking belt

was ::-,ore comfortable than the baseline transfer method. The

resident.s felt the belt also support.ed the back.

Sliding Board - The sliding board had a very hard surface. It

was d~fficult to place the residents in a chair properly with the

board because it hit the wheelchair legs. This method of being

moved could be frightening to many elderly people and could not be

used ~~less a resident could and would cooperate. It was difficult

to remove 'the board from under a resident in the chair and it hurt

the resident.'s but.tocks. The resident.s twisted their backs during

a transfer and they felt as though they might falloff. Unless the

board was positioned just exactly right, it was uncomfortable; the

board pinched the residents' buttocks if not placed correctly and

their :egs hit the board.

Lift #1 - The sling of lift #1 was uncomfortable under the

arms and pressed too much on the small of the back because it was

too narro~. The belt occasionally slipped a little and the support

arms here t.oo close to the resident.'s face. The hand grips were

hard and awkward t.o hold on due to their locations and

or iem:a t ions. The lift went up and down too slowly. Residem:s

preferred a waist security belt 'to the one on this lift, 'tlhich

hooked behind the knees. When the arms were moved further apart,

the belt was more comfortable and t~e arm support was not right in

the :a'::eo: the patient. The s~ir.g tended to ride up on the

reside~'t's back due to its design.

~i=: #2 - Residents liked this sling because it did not put
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pressure on tteir backs or under their arms, and was comfortable

and secure because of the material, width, shape, and size of t~e

sling. The ~~ee pad was comfortable because the materials are soft

and the pad ~ccommodates the knees well. The handles were well

situated fer ~te residents to grasp. Residents stated that t~e

sling did nc: ride up under their arms. The width of the suppcr~

arms was very good. The raised metal piece at the back of the foc~

rest is hard ~na could injure a resident's heels. Sometimes, the

lift :owered ~je residents too quickly. If the assistant did no~

explain why it ~as moving so rapidly, this could be frightening.

Lift #3 - :he lift speed was good: quick but not jerky. Hand

grips ~ere ~ell positioned and easy to hold but they should ~e

padded. The lift lowered residents far back into the chair. The

sling hurt the residents under their arms because it was too bulky.

The support arms were too close to a resident's face. Residents

complained ~ .. :;::'L.. the sling was uncomfortable because it put all tte

weight: on ~:-:'e small of the back. For some fragile arthritic

elderly people ~his could be a problem.

Lift #4 - :he sling was fairly comfortable. The support ar~s

~ere ~ell ;csi~ioned, not too close te the resident's face,

~rms were at prcper level, and the lift raised smoothly. The sli~g

did nct ride ~p ~nder the arms, however, it did tend to rub in th~t

area. The :--.~nd grips were not comfortable to hold, as ~ ...............
L •• 'C'j

changed orien~~tion and residents needed to adj ust their hanes

accoreingly. When the nursing assistant started to lower

reside~t lntC tte chair, she felt as though the resident was goi~g

to fall. :te sling was rough under the arms ~nd needs redesig~.

The n~rsing a.ssistants warned the residents before starting to

lower ttem t:-:'a.t the machine lowered ~t a rapid pace.
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in giving them a reeling of security. The rooLrest was not IDng

enough in front; the Loes hit the metal end and could be smashed or

bruised.

Lift #5 - The residents gave this lift the worst comfort

rating of all 2ethods. The residents liked the stable frame to

which the sling was attached, as opposed ~o the movable (swinging)

metal bars on other lifts. The sling was too rigid to be

comfortable. The residents tended to slide in the sling as though

they were going to :all out. Residents' backs hurt when nursing

assistants grasped ~he hand hold to lower them into a chair. The

head piece was ~oo ~ard. The sling was very uncomfortable to the

back of the thighs, a~d iL cut circulaticn to 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 .::omfortable. The sling also bound/cut the

residents' hips and ~urt the underneath par~ of the legs. The hips

slid through too far, creating pressure on the back and top of the

legs.

Lift #6 - ~he :ifting arm of lift #6 was very stable which

made the residenLs :eel secure. The sli~; en the lift held the

head and neck firml~ and was comforLable excepL for the stays on

the head supporL ~hich were uncomfortable not· positioned

correctly. The ar::l was stable and was not directly in the

resident's face as i~ was being hooked up. The leg pieces pressed

into the thighs and ~ere uncomfortable. ~hen the lift was tilted,

the leg pieces pressed into the resident's :egs. Residents did not

like the fact t~at ~~e metal frame came so close to the body when

hooking the sling it. It is recomme'.ded that the stays be

padded. The me:a_ car sometixes descended, ~ouching the body. The
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Duckles on the sling hur~ :he back when the resident was rolled

in1:o it.

Lift #7 - The padded Dar on this lift made bumping into it

~ess dangerous. The sling Nas comfortable and was easily adjusted

in all respects. The sling did not seem to cut or bind any area of

:he body. Residents did =-:ot: like metal bars corning so close to

:heir faces and there was a possibility of hitting one's feet on

:he machine when being :~rned around. Residents did not like the

swinging metal bars; they found them frightening. ~he sling did

:,-ot rise high enough :0 easily clear the bed. The head piece

r.eeded careful adjustment ~r it pressed on the head. ~he residents

felt that the sling swung ::0 much during a transfer and they did

=-:ot feel secure.

Lift #8 - The sling of lift #8 was comfortable when adjusted

properly. During lowering, "the device frame came too close to the

resident's face. The s~lng was long so it was difficult to remove

after the resident was seated. The machine was relatively noisy.

~he sling swung too freely ~eading to a sense of insecurity and a

risk of resident injury. The sling material felt rough on the

Lift #9 - The residen:s found the sling fairly comfortable.

~he sling swung too free':''.' and did not provide adequate neck

support. The metal bars Nere frightening as it was ~erceived they

:ould hit an assistant: ~r resident in the face. The sling was too

:lose to the lift colu~n Nhich could be struck be seme part of a

resident's body. The s:a'/s on the head support '",ere too close

:ogether, and the suspe::der bars '",ere too close to the face and

·..:.pper body during slin:; attachment: and resident lowering. The
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lift~~g arms were too flexible and as the machine went one way, the

resi~e~~ swung the other way. When the lift was moved away, the

assis~~nt needed to be careful to avoid hitting a resident in the

face.

LIFTING RESIDENTS UP IN BED

Biome::::-.anical Analyses - Lifting a person up in bed ~as been

impl':':::~ted in the literature (Jensen et al., 1989) as a primary

cause :f back injuries in health care personnel. This part of the

proj e:::~ involved analyzing two methods of performing ':he task

(usi~; ~ drawsheet and the Magic Sheet9) .

:::..:rsing assistant specific anthropometr:"c data were used as

inpu~ ':0 the biomechanical model ~o obtain results. The

biome:::~anical measures are summarized by method in Table 33. The

mean, standard deviation, and range for trunk flexion angle, trunk

late~~: bending, trunk rotation angle, percentages of the

popu2.~~~on capable of performing the ::as k, and back compressive

force ~re presented in the table.

~;:-.~2.e using the drawsheet, '::-:e mean trunk flexion a~gle was

:::e mean trunk rotation angle ',.;as 7° , and the rnea~ ':~unk

2.ate~~: bending angle was 8;). The mean hand force was 2=6 Nand

the :-:-.2an back compressive force was 3231 :'J. The rr.ean back

comp~2'ssive force was slightly below the act:"on limit::3, 400 N)

estal::':"'shed by NIOSH (1981, 1991), but 30 percent of ::je data

excee~2j the NIOSH limit. The mean percentages of the pcpulation

capal::= ~f performing the task were 73, =9, and 43 percent based on

tors: .s~~ength, hip strength, and the rr.inimum of all body joints,
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respectively.

Psychophysical ~ssessrnent. The ratings of psychophysical exertion

are summarized ~n Table 34 for both resident-repositioning methods.

The mean, sta~dard deviation, and range of ratings of perceived

exertion at tte shoulders, upper back, :ower back, and whole body

are presented :~ the table.
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Table 33 Summar'; ~~

up in :3ed
Biomechanical Measures for Lifting Residents
(Both Residents) (N=40)

Drawsheet Technique

Variable
Trunk flexion
angle (0)

~ean Standard
deviation

59 9

Range

40-78

Trunk lateral
bending (0)

Trunk rotation
angle (0)

Hand force (N)

% Capable 1

(Torso)

% Capable 1

(Hip)

% Capable 1

(Minimum)

Compressive
force (N)l

% Capable 2

(Torso)

% Capable2

(Hip)

% Capable 2

(Minimum)

Compressive
force (N) 2

8

7

256

73

59

43

3231

79

63

47

3071

5

5

40

20

24

26

544

11

18

23

418

0-22

0-20

89-328

18-95

7-88

6-87

2236-4515

49-95

30-89

7-87

2289-4110

Using the s::::e::.::..c height, body weight and gender of the
nursing assis~=~~s.

Using the hel;~~ and body weight of 50% male and 50% female
but gender :: ~~e nursing assistants.
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Table 34 Ratings of Perceived Exertion for Lifting Residents up in
Bed

Ratings of perceived exertion

>!ethod N Shoulder upper Lower
:::rroup back back

Drawsheet 20 11.1::2.1" 11. 1±1. 7 11.7±2.0
(2) 2 (7-15)3 (8-15 ) (7-15)

:1agic Sheet 18 9.4±2.1 8.9±1.9 8. 8±1. 8
(1 ) (6-13) (6-12) (6-12)

Significant Yes Yes Yes
difference 4

Whole
body

11..5±2.1
(8-16)

8.9±1.8
(7-12)

Yes

~ean and standard deviaL~on of nine nursing assisLants and two
:-esidents.
~umber of nursing assisLants required by the transfer method.
Range of the ratings.
~ean ratings for the draws heeL and the Magic Sheet are
significantly different (p < 0.01).

For the draws heeL technique, the mean RPE values for the

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

"1 ..,l. • { , and 11.5, respectively. In contrast, the Magic Sheet

:-eceived RPE values of 9.4, 3.9, 8.8, and 8.9, respec::~vely. The

~aaic Sheet is clear:y gerceived as :ess stressf~:.

::ase of Use Ratings. The ~ursing assistants used ~ five-point

:iKert scale for their :-atings. The ~ean ratings fo:- ::he drawsheet

technique were 2.6 and 1.8 for the ~agic Sheet. :'able 35 shows

::haL the minimum rating ',.;as 1 for both techniql.:.es, while the

~aximum was 5 for ::he drawsheet and 4 for ::he Magic Sheet

::echniques. There was a sign~ficant difference lD tne mean ease of

~se ratings between the two ~ethods.
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Table ~:J

Method

Drawsheet

Magic Sheet

Ease of Use Ratings for Lifting ~esidents up in Bed

N Mean Standard Range
rat:ing: deviation

20 2 . 6-"- l.1 1-5

18 1. 83 0.9 1-4

The nursing assistants rated f~om 1 for extremely easy to 5 for
ext~e~ely difficult; and mean ~atings with the same group label
(A or 3) are not significantly different (p > 0.05).

Method ?reference. The nursing assistants' preference ranking is

summarized in Table 36. The -:able shows -:'hat both techniques

receivee ratings of 1 and 2; indicating that each method was

prefer~ed by some nursing assistants. The difference in rankings

was nc~ significant.

Table 36 Method Preference fo~ Lifting Residents up in Bed

N Mean Standard Range
rank~~g: deviation

Draws:-.ee-:

Magic S::eet

9

9 1 . -; .:.

0.5

0.5

1-2

1-2

The :-.·..:.rsing assistants ranke:: from
met::c:: to 2 for the least preferred
wit::: -:::e same group label ~ or
different (p > 0.05).
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Task Perfor:::2.!1ce Time and Nursing Assistant Work Time. Task

performance ::'!1d nursing assistant work times for lifting the

residents UD ':'!1 bed are summarized in Table 37. The mean task

performance -: ':'::le was 35 seconds (range 24 57 seconds) using -c::e

drawsheet ::1er.::::::d and 28 seconds (range 13 41 seconds) using t~e

Magic Shee-c ::'.2r.hod. The difference was significant.

The drawsjeet method required two nursing assistants r so work

time was doub:2 the task performance time, or 70 seconds. This is

also signifi22.!1tly longer than the nursing assistant work time of

28 seconds :::::r the Magic Sheet. There was no significanr.

difference .:.:: :he task performance and nursing assistant work times

between the ~22.vier and lighter residenr.s. The time required to

make the bed ',,'i th either sheet is not considered, nor is the time

required to i::stall the Magic Sheet mechanism.

Table 37 ':'i::J.e to Lift Residents up in Bed

Method N Mean Standard Range
time 1 deviar.ion

Task Perfor:na::2e
Time (seconds

Drawsheet 10 3 SA 12 24-57

Magic Sheer. 18 28 8 9 13-41

Mean task ~2=formance times or mean nursing assistant work times
with the same group label (A or 0) are not significantly
different _ > 0.05).

Bed Height : ::2ference. Correlation analysis was performed :::

correlate t~2 bed height preferred by the nursing assistants and
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the biomechanical and ~sychophysicalmeasures for lifting residents

up in bed. No signi::icant correlation was found. Correlation

analysis was also perf~rmed to see whether the bed height preferred

by the nursing assis::ants correlated with the height, shoulder

height, elbow height, hip height, and knee height of the nursing

assistants. Although ~o significant correlations were found, the

subjects generally preferred the bed lower for the manual transfers

and higher for ::he ~echanized transfers.

Resident Comfort and Security Ratings. These ratings by the

residents are summari=ed by resident-repositioning method in Table

38. The mean cornfer"': l:ating 'tv'as 2.1 (range = ::.. - 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 Comfort and Sec'J.rity Ratings for Lifting Residents up
in Bed

y1ethod N Mean Standard Range
rating: deviation

Comfort Rating

Jrawsheet 10 2.1"- 0.6 1-3

Ylagic Sheet 18 1.1" 0.2 1-2

Security Rating

Drawsheet 10 1. gA 0.6 1-3

M . Sheet 18 1.1" 0.2 1-2..aglc

The nursing assistants ra~ed from 1 for extremely comfortable or
secure to 5 for extrerr.ely uncomfortable or insure; and mean
comfort or security rati~gs with the same group label (A or B)
are not significantly di:ferent ~p > 0.05).

The mean security ra~ing was :.9 (range = 1 - 3) using the

drawsheet technique and :.: (range 1 - 2) using ~he Magic Sheet.

30th differences were s~a~istical:y significant. The residents

much better when re~::s.:..tionec ~ith the Magic Shee~.

NURSING ASSISTANTS' CO~S

The nursing assista~~s :elt t~e drawsheet technique was simple

~o perform under any condi~ion. T~ey also felt that the drawsheet

could be used easily at ~::~e. The ~agic Sheet was the easier to

~se because it relied pri~arily or. arm strength.

Nursing assistants :e:~ that ~~e Magic Sheet ~as an excellent

~evice for people who sli~ iown in ~ed. It was also extremely easy
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to move a person up in bed. While it seemed easy to use, ander

some :::~ndi tions it could be more difficult to use than manual

lifti::g. This difficulty could arise from tangled shee-cs and

keepi::; a resident in the center of the bed. The assistan~s had

some s~::ain on their shoulders and lower backs; and there was extra

bendi::; and straightening after it was used.

2::e nursing assistant felt that the Magic Sheet worked like a

breeze, and would bear up well in long term care. If the ~agic

Sheet ~ad a crease in it, it could cause pressure folds against the

skin 2: a resident. If a person perspires a lot, then the sheet at

the ~29 will be wet and should be completely removed as soon as

possi~:e. The absorbent sheet also needs to be removed. Another

big p::::blem in use of the Magic Sheet is 'tJi th a person who is

incon~i::ent. A sheet could not be placed at the bottom of the bed

and ::::lled. In addition, there are times that pads will not

absorb all dampness and the bed would be wet. When this sheet is

used, .:. ~ would need to be cleaned as well as the mattress. In

these :::ases, this sheet would cause more bending, stretching, and

lifti::; ~han it was worth. All of these conditions take additional

time.

_.-.-"':S, 'tJhile it has a high '..:.tility in some situati:::s, its

po'Cen~~al use must be carefully evaluated as described above before

a decision is made to install it.

Reside::~s' Comments. The drawshee'C technique sometimes jerks the

resi:ie:-.":s I backs, and they occasionally felt that the :-;u::sing

assis":a::~s' knuckles were pressing against them as they were lifted

up. :his technique was jarring and residents felt some

appre~e::sion before being lifted because they were not sure c: the
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outcome.

The Magic Sheet was very simple and comfortable and residents

had no feeling of 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 ~ransferring residents from bed to chair and lifting

residents UD i:1 bed. No significant correlations between the

strength of ':he nursing assistants ana the biomechanical and

psychophysical measures were found. However, the weaker subjects

consistently rated the tasks as being ::lore stressful while the

stronger subjects consistently rated the ~asks as less stressful.

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

HOME

This s~udy was designed as a laboratory evaluation of patient

handling devices, and it included a comfcr~ and safety evaluation

by the patient subjects. While this eval~ation is helpful, it is

not the same as having actual nursin~ ~o=e residents perform ~~e

safety and comfort evaluation. A field evaluation of this type was

NOT a part of this project or contrac~, but as the study

progressed, :t became clear that a small ::eld/pilot study might be

helpful in understanding the true functionality of the devices.

A number of local nursing homes were contacted and one was

identified ~hich was willing to partici~ate. The participaticn

consisted:: allowing ~he manufacturers ::: the four brands c:

lifting devices ~o come into the nursing t:~e and train the nursing
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personnel designa~ec Dy ~he horne as participants. Ten personnel

received training, ~lthough not all ten participated on a day-to­

day basis. Since t~~S was a volunteer effort by the nursing horne,

all nurse and resic.en~ activi ty was "at the convenience of the

nursing horne".

Once the ~erso~~el were trained, they began using the devices

on selected nursing :-.ome residents. The nursing personnel were

interviewed periodic~lly to determine their response to the use of

the devices - physically easier or harder? functional? possible

improvements? resic.e~t response? time required to use? other

comments. In aadl~~:~, where it was feasible, the residents were

interviewed as well. ~he data gathered were descriptive in nature,

and it does not cover all personnel or devices. As indicated it

was a "sample of nurs~ng horne convenience".

The balance of ~his 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 a~c residents.

One interesting :utcome of the pilot study was a change in the

back injury rate. ~istoricall~l, this nursing horne had a number of

lost time back injuries each month. During the period of the pilot

study - about ':our ::-.ont~s there were zero resident handlir1g

related back injuries in ~he heme. This serves to further support

the study's conclusi:~ that the use of handling devices will cause

a drastic decrease ~~ the resident handling related back injury

frequency among nursi~g personnel in nursing homes.

The most notable CC~IDent made by the nursing personnel was

that using the lifti~g devices resulted in a significant reduction

in physical fatigue c-,-er ~:-.e workday. This comment is particularly
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~mpor~ant because basic ergonomics ~as taught ~s tha~ as people

:atigue they become more vulnerable ~o sudden movement ~njuries and

horkplace behavior changes. These behavior changes include taking

shor~ cuts, leaving work incomple~ely done, and tryi11g to force

~hings by jerking on them. ~n addi~~on, as people fa~igue, they

=nange the manner in whic~ they interac~ with others - in a nursing

~ome, the residents in particular. :::ornrnents more specific to the

lifting devices follow. The ratings are on a five poin~ scale with

:ive oeing the best score.

STANDUP LIFT #1. Resident. Security rating, 4.9, comfort

~ating, 4.2. Comments i~cluded: I prefer this to device #2; this

:"5 less scary than dev:.ce #2; i t :-_ur~s my back just. like the

others; and, I like it best. The only staff comment was it needs

a leg restraint strap to keep the resident's fee~ on the hoist.

STANDUP LIFT #3. Resident.

~ating 3.6. Comments include:

Sec~rity rating 4.2 and comfort

it feels more stable than #2; its

',vorse than #2; the sling really pi::.ches me under the arms; the

sling is too hard; it hurts my back ~~~ not as much as ~he others;

::: like it best; I like it better ~::an #2; and, there was one

~esident who just screa~ed ~he whole ~ime she ~as In ~t.

·,.;ere :-'.0 staff comments.

There

.3 TAN 0 UP LIFT #2 . ?esident. Sec~rity 4.0 Comfc~~ 3.7. It

~~rts under my arms; i~ feels like :::'m hanging here; it doesn't

~~ovide enough support; and, its ok. Staff. Lift belts are wider

~~an ~ost and are more comfortable; lift belts have a safety strap

:0 p~event the belts frcm sliding up if residents raise :heir arms;

and t~e base leg adjust~ent is fairl~ easy.

STANDUP LIFT #4. Resident.
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really pinches under my arms; and the lift arms are low enough for

me to reach - this helps me feel more stable. Staff. The lift

strap was too narrow and residents complained of back pain, if

resident raises their arms, the strap will slide up their back and

they will fallout 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 position the sling; and, the sling hurts my

legs. Staff. The slings sometimes slide up the resident's back

maki:1g it easier for them to fallout ; combative residents may

escaDe 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 #2. 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 is very secure and

co~~ative ~esidents will not fallout; is easy to maneuver with a

resident in the sling; manufacturer 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 out of the

sling; one resident slapped repeatedly at the sling expressing

discc~fort. 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 f~ll out; it seemed very easy to push with a resident
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in the sling; ~~e single sling attachment me~hod is simple to use,

but not flexible enough to comfortably handle all types to

residents; and, ~he sling tends to squeeze hips very uncomfortablyc

Overall, ~ursing staff preferred manufacturer number two's

devices because ~hey were easiest to use and the residents seemed

to react ~ost :avorably to them.

III





CONCLUSIONS AND RECOMMENDATIONS

The purpose of this research was to evaluate =esident-handling

procedures to determine which procedures result in reduced

biomechanical c~d/or psychophysical stresses to ~ursing personnel

performing these tasks. This section of the report divides the

conclusions and =ecorrmendations into task specif~c areas.

~esident Transfer. ~here are a number of factors that need to be

examined when evaluaL~~g resident transfer method. These include

;;hysical stresses -:0 nursing personnel (bL~mechanical and

psychophysical) , residenL characteristics, =esident comfort;

=esident secur~-:y, and the time required to make a transfer.

Physical Stress - Biomechanical Evaluation. Gagr.on, et al. (1986)

studied three l~fting techniques and estimated that the compressive

force on the IS/S1 disc ranged from 5744 N to -951 N while one

person assisted a 72.6 kg manikin from a wheelctair. Garg et al.

(1991a, 1991b) evaluated five manual techniques and three hoists

for transferri~; patienLs from bed to chair, and reported that the

back compressi-."e force 'tlas over 4,300 N when -::-:e resident was

~ifted from the ~ed t~ the chair. In this study, -:he average back

compressive ferce for the nursing assistant lifti~g the resident's

-:orso when two ~ursing assistants rotated the resiient to a sitting

80sition on the edge of the bed was 3,487 N (ra~;e = 2391 - 4999

N). This force slightly exceeds the NIOSH actic~ limit (3400 N).

:learly, nursi~g persc~nel are exposed to excess~~e biomechanical

stress when performi:,_g resident transfers wit:-:'cut an assistive

device.
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3aseline Method and the Walking Belt. Garg et al. reported that

back compressive forces were about 2000 N in the case of the two­

person patient transfer with the previous model of the walking

bel'C. This force is less than the 4300 N compressive force

associated 'tli th two-person manual lifting (Garg et al., 1991a,

1991b). In drawing the above conclusion, 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 tas k was to trans fer a resident from a

supine position on the bed ~o an upright position in the chair.

The baseline transfer and 'Che walking belt methods both required

rotating the resident to a sitting position on the edge of 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

bel'C - an insignificant difference. Even though the difference is

small, the walking belt still gives the health care personnel much

bet'Cer control of residents - particularly those who are unstable.

This extra control greatly reduces the risk of a sudden movement

3asket-sling and Overhead :ifts. Resident ::"ovement with the

6asket-sling and overhead lifts has two phases: resident

preparation and resident -:ransfer. To prepare a resident, a

~ursi~g assistant rolled a resident onto their side to place the

sli~g ~nderneath the resider:t. This activity was biomechanically

eval~ated in this study. To lift a resident the nursing assistant

~sed the handset to operate the lift devices to lift a resident out
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of ~he bed and lower her/him into the chair. The basket-sling and

overhead lifts can be used for almost any residents.

This s-:udy 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 assista~-:s. These forces are about 15% and 23%, respectively,

smaller than the force :3487 N) associated with the baseline

transfer. :t is clear that the basket-sling and overhead lifts

significantly reduce the biomechanical loading on the nursing

assistants residents during residents transfer.

The manufacturers of the basket-sling and overhead lifts

recommend ~~a~ nursing personnel either roll the resident away from

(push) or toward them (pull) before placing the sling under the

resident. 3ased on the biomechanical results, nursing assistants

should roll the resident away from them by pushing. On beds

without siderails, nursing personnel could have better control of

the residen~s if they roll the residents toward them.

Stand-up Lif~ and Sliding Board. Resident movement with the stand­

UD lift and sliding board is also divided into ~wo phases: resident

preparation and resident ~ransrer. ~esident prepara-:ion required

a single ;-:'..:rslng assista,.~ :0 rotate a resident :0 a sitting

position. ~esident transfer required the nursing assistant to use

the handset ~o lift the resident out of the bed and lower her into

the chair, for a sliding board transfer, placing a walking belt

around the 12wer abdomen/hips of the resident and placing the seat

of the boar:: '.lnder her. The nursing assistant then glided the

resident sl=~ly across the board to the chair. No biomechanical

evaluation ',,;as :Jerformed :or this phase. The stand-up lift can
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only be used for weight-bearing or partially dependent residents.

Even when the sliding board is used for a transfer f the

lifting during the second phase of the ~anual lifting technique

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

Other Activities. Setting the resident in the chair required the

nursing assistan~s 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 ~he lift devices was 59 N and the maximum turning force was

S2 N. These forces are well within the peak pushing strength of

186 N reported by Snook, 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 reduction will be more or

less depending on the particular type of device used, the resident

characteristics and behavior, and the lifting situation.

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

of one sf the mest CCmIDon causes of nursing assistants' injuries ­

the sudden movement injury which can occu~ if the re3ident loses

their balance. ?inally, the use of devices eliminates the lifting

(standing up) of the resident which elimina~es at least one half of

the back injury exposure due to resident ~andling.

Physical Stress - Psychophysical

requi~e relatively small forces

resident transfer will reduce

Evaluation. The lift devices

for operation. Their use for

physical stresses to nursing
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~ersonnel. However, Garg et al. reported (1991a, 1991b) that the

physical stress RPE rati~gs for two out of three hoists were as

high as the stress ratings for manual transfers. In his study,

~ne hoist required a jerky pumping action to raise and lower the

hoist, and some subjects =ound it ~oo hard to pump and steer the

hoist. The subjects also had diffi=~lty in applying the sling and

hooking the sling to the hoist due to its short leg straps and

hooks. It was concluded that some hoists may result in greater

Derceived stress (hassle) to nurses as compared to some manual

,:echniques.

This studv had simi:ar resu': ts with respect: to perceived

5t:ress. Some devices received psychophysical stress ratings as

high as the baseline transfer method. The high stress ratings for

some devices may have been caused by the postural stresses which

result from sub-tasks such as placi~g and removing the slings from

~nderneath the patient, at:taching slings to the lift, maneuvering

and steering the lift t~ the chair, etc. It could also be the

result of the greater complexity 0= the activity; i.e., there are

:nly a few steps in the ~anual tra~sfer ~ethod, while the device

:ransfers reauire the ;.~rslng assis1:ant:s to remember and do a

:":'.1mber of -:nln:::;s. This ::::.:ld res'...:.:,: in a percep1:icn of "hassle"

",,"hieh, could transla,:e i:-:-:~ a hlg;.er stress rating. The bet1:er

~sychophysical evaluatic:-:s found ":":1 this study are due to the

-:echnical improvements i:-: device design and operation that have

~ccurred since this stud'.'. For example the hydraulic pump in

~arg's study has been reDlaced by a:-: elec1:ric motor, and the slings

have been redesigned to ~a~e them easier to use.

~esident Ccmfort and See:.:ritv.
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walk~~; belt techniq~e received high pa~ient ~omfort and security

rati~gs, while two of three hoists received fairly low ratings

(Gar; et a1., 1991a, 1991b) In this study, the residents'

subjec~ive evaluation of assistive devices comfort and security was

favorable. The walking belt was stat:"stically more comfortable

than ~~e baseline transfer method. The security ratings indicated

that ~~e sliding board and basket-sling and overhead :ifts were

statistically less secure than the basel:"ne method, stand-up lift,

and walking belt.

:~e residents were concerned about the swinging of the sling

duri~g transfers wit~ the basket-sling and overhead lifts. As a

resu~~, their subjec~~ve security rati~~s for these lift devices

were r2duced.

?otential users of these devices should experiment with them

in tteir facility to determine resident reaction. If residents are

uncocf:rtable or insecure in the device, they will make device use

suct a hassle, that it will end of its ewn accord.

TranS:2r Time. Previous studies found ~hat one of the reasons for

not ~s~ng patient-ha~jling devices is ~hat they require too much

~lme ~ell, 1984; Owen, 1988; Takala and ~ukkcnen, 1987). Without

adeq·..:a~e staffing, ~::e additional time :-nay i:-:terfere ',.;i th other

func~::ns that nursing personnel perfor~.

.:"':idi tional time is needed to use ~he as sistive devices as

compar2d to manual lifting. Takala and ~~kkonen (1987) reported a

trar:.s:2r time of 120 to 150 seconds \,;i~h a hoist. Bell ::'984)

repcr~2j 295 seconds and Garg et al. (1991a) reported times of 124

to :?: seconds. The additional time to use a two-person walking

oel t, as compared ... ~ the ::"anual lifti::-.g met:-.od, was ~ 9 seconds
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(Garg et al., 1991a).

In this study, the task performance time for the basket-sling

lifts ranged from 257 to 324 seconds and from 207 to 235 seconds

for the stand-up lifts. It took 63 and :32 seconds to transfer

residents from bed to chair with the baseli~e and the walking belt

methods, respectively. The additional task performance time to use

a two-person walking belt, as compared to tje baseline method, was

69 seconds.

Carlson (1989) reported that nursing aides working in teams

of two made an 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 'tlith the walking belt

method, 86 minutes with the basket-sling lift, 125 minutes with the

overhead lift, 58 minutes with the stand-~p lift, and 32 minutes

with the sliding board. These additional ~ursing assistant work

times 'tlere calculated based on the 'tlork ':"oad of a team of two

nursing aides ',vorking for :me shift. These addi -::ional times

represent a maximum increase in the amour.-:: of nursing assistant

time. They do not consider the time saved ~1 the use =f services ­

for example, the devices can save time :.n transit because the

residents cannot walk as fast as the devi~es can move them. It

also does not consider the fact that not 0':"1 of the time spent on

use of assistive devices is lost time - for example when a nursing

assistant approaches a resident, there is generally a period of

time during which the people talk. This talking can occur

simultaneous wit~ the application of the devices. In actual fact,
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the extra work times in Table 39 significantly overstate the actual

lost time - probably by a factor of two or more. Furthermore, the

whole body fatigue =eduction that occurs when the devices are used

is not considered. The effects of this fatigue could include

skipping some work, working in a less thorough manner, becoming

rough with the resicents, 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 for a team of two nursing assistants. It takes

more time to use t~e :ift devices than the baseline method, but the

nursing assistants i~ this study felt it was a worthwhile tradeoff,

that it would be safer for t~em and the residents, and that it

would not be a reasc~ not to use the lifting devices.
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:able 39 Additional Nursing Assistan~ Work Time Required by each
Me~hod Group

:'!ethod
;roup

3aseline method
(2) 3

:'ialking belt
(2)

3asket-sling lift
(1 )

:::verhead lift
(1 )

.3tand-up lift
(1 )

':Jliding board
(1 )

Nursing
assistant
work t:'me
(seconds)

126

264

261

324

217

176

Addi::ional
time per
transfer
(seconds) l

138

135

198

91

50

Addi:::'onal
time :?er
shif::
(min1...:1:es) 2

87

86

125

58

32

The additi::mal nursing assistant 'tlork time per transfer is
calculated by subtracting the nursing assistan~ ~ork time for
the baseline from the r.~rsing assistant work t:'me for a given
method group.
The additional nursing assistan~ work time 8er shift is
calculated by multiplying the addi:::'onal nursing assistant work
time by 38; then d:'vided by 60.
Number of nJrsing assistants required by the transfer method.

:evice Preference. When all methods ~ere considered, the nursing

assistants preferred .'..ifts #6 and ""'7 The baseline transfer,

~alking belt, sliding board, and lift ~8 were the least preferred

::-,ethods.

~he analysis of the nursing assistants' preference of method

iata by method group indicated that the nursin; assistan~s

=referred the basket-sling and stand-uD lift groups to the other
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met:-:'od groups.

Reco:mnendations Regarding Effecti.ve Procedures. Table 40 gives a

qualitative summary of eight criteria the authors developed and

used to evaluate the 12 methods of transferrir.g residents from bed

to chair. The table shows that the walking belt and lifts #2. 4,

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

transfer Lime. Table 40 shows Lhat Lifts #2, 4, 6, and 7 not only

reduced biomechanical and psychophysical stress to nursing

personnel, but were also preferred by the ::mrsing assistants.

Co~~ents of the nursing assistants and residents were also

favorable. Lifts #3 and 5 need ~o be improved with regard to the

comfort of residents, while lifts #1, 5, 8, and 9 need to address

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

Criteria
Biomechanical
st:res:~

Walking Sliding
belt board Liftl
E Y Y

Lift2 Lift3 Lift4
Y Y Y

LiftS Lift6 Lift7 Lift8
Y Y Y Y

Lift9
Y

P~r,--l~JVe<J

stress

Resident
comfort

Resident
security

Ease of use

Method
preference

Trd!l:sler
time

Favorable
comments

y

Y

E

E

E

N

Y

I::

E

N

N

E

N

N

y

E

E

N

E

N

E

y

Y

E

E

Y

N

y

y

N

E

E

Y

N

E

y

Y

E

E

Y

N

Y

E

N

E

N

y

N

E

y

E

E

E

Y

N

Y

y

Y

E

E

Y

N

Y

E

E

E

N

E

N

E

E

E

E

N

y

N

Y

Notes: All
N

E
Y

techniques used one nursing assistant except baseline method and walking belt.
relatively high stress or unfavorable ratings as compared to the baseline transfer
no difference between a technique and the baseline transfer
relatively low stress or favorable ratings as compared to the baseline transfer
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Lifting Residents up ':"n Bed. A biomechanical evaluation by

Lindbeck and Engkvist (1993) evaluated two methods of moving a

patient up in the bed: pulling the shee-c with both hands and

pulling -che sheet with one 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 ~e"Chods. Low back compressive force was not

estimated.

In this study, the mean hand force of 256 N, is considerably

larger than that repor":ed by Lindbeck and Engkvist (1993). The

difference is probably explained by the lifting and pulling

combina-cion. In ":his s~udy, the residents were lifted up in bed,

while i:,. the work by :::"indbeck and Engkvist, ":he patients were

pulled up in the bed. This study found tha-c the mean back

compressive force was 3231 N when the nursing assistants lifted the

residents up in bed ·...,.i th the drawsheet technique. This was

slightly below the NIOS~ action limit (3,400 N).

For the Magic Shee-c, there is no lifting activity involved

with the task performa~ce; instead, nursi~g assistants rotated a

handle to roll the residents up in bed. Each rota"Cion cycle of the

~andle consists of pushi~g the handle down and p~lling the handle

~p. The force associa~ed with pulling the handle up was ~easured.

On ~he average, the n~rsing assis~ants exer":ed a force of 55 N to

roll the residents up i~ bed. This was sig~ificantly smaller than

~he drawsheet hand force (256 ~).

In summary, the :::'.ean back compressi'Je f:;rce for lifting

residents up in bed was slightly below the NICSH action limit;

~owever, 30 percent of ~he data exceeded the NIOS~ limit. The use

of the Magic Sheet resu:ted in a much smaller hand force than the

jra;~shee"C technique, and virtually eliminates the well known risks
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8f :ifting - residents or a~ything else. In addition, use of the

Magic Sheet virtually elimi~ates the risk of sudden movement injury

due to the "jerk lift" commcnly used 'tiith the drawsheet.

?sychophysical Svaluation. =n this st~dy, the mean RPE values for

the shoulders, upper back, :ower back, and whole body when the

drawsheet technique was used were significantly higher than the

mean ratings for the Magic Sheet method in each of the

corresponding body areas.

Resident Comfort and Security. The residents' subjective responses

::0 ::he comfort and securi ::j' of the :"tiO methods ',.;ere generally

favorable; however, comfor:: ratings i~dicated that the drawsheet

technique was less comfortab:e than the Magic Sheet. The security

rating indicated that reside~ts considered the drawsheet technique

less secure than the Magic Sheet. Residents were lifted up in bed

In a rapid motion with the =rawsheet and if nursing personnel did

not lift the reside~t UD to a proper position in bed, the

resident's head would at ti~es hit the headboard. With the Magic

Sheet, the residents were s::wly rolled up in bed and did not fear

heads would be

Task Performance Time. In :.his st~dy, the mean task performance

t: :..:::e using the drawsheet :':".ethod seconds) was significantly

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

dra'w'sheet mett-.od required :","0 nursi:-.g assistants, the nursing

assistant 'Nork time for ::-.e drawsr.eet was 70 seconds. Once

i~stalled, which will take s:~e time, the Magic Sheet was found to

be easier and faster.
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Method Preference. ~he mean ran kings for the drawsheet ~echnique

and the Magic Sheet were not significantly different (1.6 and 1.4

respec~~vely). Those nursing assistants who did not like it felt

that :. -:.s usefulness in a nursing home was questionable for the

reasons previously indicated. As indicated, ~his device appears

to have excellent utility in selected circumstances.

EFFECTIVE PROCEDURES - RECOMMENDATIONS TO THE MANUFACTURERS

Resident and nursing assistant assessments of the assis~ive

devices '.lnder consideration were generally favorable, however,

design problems were identified with all of the devices. The

proble~s described apply to one or more of the assistive devices.

1. The sling is connected to the suspender bars, and on some

basket-sling lifts they are too flexible and swing or ~ove

around too much during a transfer. This swinging creates

feelings of insecurity. In addition, this led the nursing

assistants to feel that the devices were hard to mane'..lver

beca~se as they pushed or turned the devices one way, the

res~dent swung ~n another direction. Onder these condit~:ns,

co::,..2a t i ve r-es i den 1:S can hurt themse 1ves andlor t::e nurs ing

personnel. The manufacturers should evaluate theiL devices to

ins~re that the sling sway is well controlled.

2. On one of the lift devices, :'f the boom (frame of the lift: is

In the high position, the sling supports contact the boo~ and

t:'.e r-es ident::annot be rotated. The ::canufacturer sh:JUld

eva:'.late the beom to insure that the sling supports can rotate
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3. One lift device has a tilting frame Nhich is hard to push,

especially when there is a heavy resident in the sling. If it

is too loose, the stability of the resident will be affected.

If it is too rigid or stable, nursing personnel will be

exposed to high biomechanical and per=eived stress.

4. The residents did not like the stays in the head support of

some slings. If the nursing personnel do not place the sling

and head support in exactly the right place, the resident's

head will be hurt or be uncomfortable. Manufacturers should

evaluate their head supports for head and neck comfort, and

insure the stiffeners do not cause pain or irritation.

5. The handle en the 8ack of some S1..:.:-.gs is not positioned

properly. The handles are too low and the nursing assistants

cannot easily grasp them when the resi=ent is pulled back into

the chair. The handle position causes large pulling forces in

an awkward posture. ~anufacturers shc~ld evaluate their sling

designs to insure easy accessibility ~o sling controls, keep

use force low, and to insure they are :~nctional for a variety

of chair types.

ro. The support arms of some stand-up li:~s are ~oo narrow. If

the nursing assistan~s are not caref~l, the ar~s may hit the

residents in the The manufac~·.lrers should consider

7.

locating the twO support arms farther ~part.

On one lift, the sling is permanently a~tached the lift and

nursing assistants had difficulty in ~lacing this sling around

residents. ~he safety belt design for=es nursing assistants

to bend down to fasten the safety belt, removable slings allow

the nursing assistants to use good bod; ~echanics to place the

slings on ~ne resi=ents, thereby reducing ~igh postural
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stress.

8. The space betwee~ the arm supports of one stand-up lift is

too small, and ::::us as the resident is lifted, the sling

causes undue press~re on the resident's back and two sides of

the trunk. The ~a~ufacturer should evaluate this situation to

improve the safet~ and comfort of the residents.

9. One stand-up lit:: does not have a safety belt. This is a

dangerous situa-c:":::n. In this lift, if a resident suddenly

collapses or li:::s their arms, they will fall. A well

designed safety ;:el t will prevent them from falling. The

manufacturer shou~i evalua-ce their hoist to determine the best

way to add a sli~~.

10. Some safety bel::s are 7ery time consuming to fasten or

release. The nursing assistants also had difficulty in using

those safety belts. A properly guarded quick release button

is recomIT,ended. :::e belt must be fast and easy to use.

11. The foot plates :: some stand-up lifts are poorly designed.

The plate edges =.re sharD and high, and may injure the

resident's toe w::e~ the stand-up lifts are brought up to face

the resident. A :esiden-c's heel may be hurt Nhen the lifts

are ~oved away =::~ L::e person after being lowered into the

chair and having ::~e slings disconnected. All manufac-curers

should evaluate ::::eir devices for sharp edges and protruding

points which may ':"njure a resident, nursing assistant, or

passerby.

12. The knee pad of :~e stand-up lift device is too far from the

shaft of the ",.::- The support arms on this lift are

relatively short =.s well. As a result, residents can only be

lowered to the e :.:re of ::::e chair, and it is difficult to
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situate -:;"e resident all the way back in the c::air in an

~pright ~osition. Further manual repositioni~g may be

- ..,.
-~ .

~equired, which partially defeats the purpose of t;"e lift.

2~e stand-up lift has a safety belt which wraps around and

attaches ~ehind the resident's legs. Nursing assistants felt

it was very difficult to fasten or release the belt, and they

had to bend forward in an awkward position to use the belto

Assistants also felt the safety belt around the legs may not

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

~ower part of the back is imperative to prevent falls.

:.~. Some stand-up lifts lower the resident into the chair too

~~pidly. ~his leads to a feeling of discomfort and i~security

,~ some ~esidents. The ~esulti:1g fear may cause frantic

random movements by the resident which could cause ~n injury.

:'he manufacturers should conduct a human factors study to

. to .
c::.e~ermlne the up and down speeds which are acceptable to

;eople i:1 this age group .

.., .some stand-up lifts are too slow or do not pick up the

~esidents correctly. The low lift speed is the combined

ef:ec~ 0: low motor speed and the :ong travel dis~ance of t~e

The residents felt very uncomfortatle hangi~;

the alr for a relatively long period of ti:ne. See

~ecommendation #14.

~ ~he overhead lift was also very slow. Although this may not

-:ause excessive discomfort to resident, nursi::g

~ssistants did not like it. See ~ecommendation

-~~ manu:acturer of one sta~d-up :~:t device does ~:t requi=e

~~e nursing assistants to ~~ck the ~heels when con~ecting t~e

sling to the lift. Unlocked wheels :nay easily be p~shed away,
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causing a danger of falling. If the straps are hooked to the

suppor~ arms or boom and residents push the lift away, they

may drag themselves away from the bed and fall.

18. ~n previous studies, the walking belt reportedly had a

tendency to slip over the resident's waist and "ride up their

back" ,Garg et a1., 1991a, 1991b). This tendency was not

observed with the belt used on the t'NO residents in this

study. This new model had redesigned handles and an

additional adjustability strap to prevent the belt from riding

up a :-esident' s back. It did, however, have some design

problems. Plastic or some soft/semi rigid metal could be used

to wrap the end of the straps of the belt to make it 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 is litt~e doubt that the routine use of patient lifting

devices in nursir.; hemes will reduce the frequency and severity of

back injuries amor.g r.ursing personnel. While this is true for any

of the devices tested, it is also true that there is considerable

variability in tte devices and some are more functional and cost

effective than otr.e:::-s. In these days of constantly shrinking

budgets, it is i~Dortant to consider a variety of relevant factors

when making a lifting device selection.

This secticr. describes a number of such factors which have

been identified ::.: t:-.e auttor as potentially important during the

selection process. :te list, and its associated discussion are by

no means exhausti~e. ~eme~ber the true cost of these devices is at

least the purchase p:::-ice, plus maintenance, minus the direct and

indirect cost of the ir.juries eliminated, plus the cost of injuries

occurring when a ur.it is down for maintenance.

FACTOR DISCUSSION

Initial price - Given the substantial differences in price between

the different devices, i: ~ay be possible to purchase six of one

device for the price ~- fi~e of another. Assuming a fixed budget,

the extra device ~ay ce worth some of the inconvenience associated

with the cheaper device.

Features included '~ i~itial price - In reviewing the brochures

provided by the device manufacturers, it was obvious that the list

price included differer.: options or add-ons on different devices.

Items like the nu~~e:::- of slings, presence of a scale, the number of
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~atteries provided, a battery charger, extent of trai~ing provided,

etc., can result in major changes in "initial price". Make sure it

~s "apples to apples" that are being compared.

29tions v. standard equipment - Some manufacturers 9rovide options

- for example a number of slings in different sizes - with their

equipment. A thorough analysis of a facility's needs may reveal

~~at some or all of the options are in fact necessary requirements

~f the devices are to be truly functional in the facility. Again,

:ompare "apples to apples".

~aintenance requirements - ~valuate the potential mai~tenance costs

- check the manufacturer's requirements, and then check with others

~~at have purchased the devices to see what their experience has

ceen. Other user names should be available from the manufacturer

- if they aren't, that may suggest there is a problem you should

:<now about.

:·:a~~~enance difficulty - how much maintenance can =2 done by your

5~a:f and how much will require a factory person? ~t $lOO/hour,

ex~er~ally supplied ~aintenance can be expensive, a~d i: may also

=ean ~our device is out of service for an extended ~~me period.

?arts integrity - Look over the device closely; the ~se of plastic

:~ lieu of metal is sometimes appropriate - and s:metimes it is

-~st cheap construction. :onsider where the parts are used, what

·,·:ear ::hey are subj ect to, and whether abuse may :ause failure .

.:'~ain, check with ot:her '.lsers of the device to find out its

=ain:enance history.
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?~ice c: spare parts - Over a few years, the cost of spare parts

may be greater than the cost of the unit itself. Obtain a spare

parts ~~st and a likely in-se~vice interval for key parts; then

compare across manufacturers.

obtaini~g these data.

Availab~lity of spare parts

Other users may be helpful .in

When equipment is down for

maintenance, your personnel are at an increased risk of injury ­

that injury will cost more than a few of these devices. You need

~o know ~he availability of spare parts - how long it will take to

obtain -:hem, how reliable is ~he spare parts system, will the

company ?rovide a replacement Nhile you~ device is out of service,

will -:tis be provided for free, how long will it take to get the

replace::-.ent, where will the replacement come from or who will

supply i~ (salesperson, warehouse, etc.) - it is easier to obtain

assistance from a person than f~om a place?

Manufac-:~~er's training - The correct and efficient use of these

devices is important if their full benefit is to be obtained. The

quali-:y, availability, and follow-up of -:he manufacture~'s training

Nas ocse~ved -:0 vary considerably. >!ake sure you have a clear

agree~er.-: on what will be provided, by Nhom, when, and at what cost

(especia:ly for follow-up training afte~ the initial in-service).

In addi-:ion a~range for the trainer to return periodically to be

sure yo~r personnel are using ~te devices correctly.

~ype of residents in facility - =onside~ the special needs of the

~esider.-:s in your facility (combative, heavy, recent surgery,

f~ai~, e-:c.), and consider whette~ the device being considered wil:
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meet these sDec~al needs.

Resident ccmfor: - This is a prime consideration since devices

(usually the slings) which are uncomfortable, ~nsecure, or painful

for the res~jents will not be accepted by them. Carefully evaluate

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

residents condition.

Ease of sling use - As was noted in this report, the ease of sling

use (positioning and removing) varies between devices. Evaluate

carefully in the context of your facility and the beds and chairs

that you use.

Ease of sling cleaning - Slings corne 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 life be?

::acili ty design The selected device must ;:;e usable in your

fac~lity. ~ight =orners, small doorways, roug~ floors, travel ~~

and off carpets, small bathrooms, etc. , a ~ j play a role

determining the size and maneuverability criteria for your

facility.

Sales representative availability - How long will it take them -~

respond 'tlhe:-. '/c''': ::ave a device problem; how caDable are they

solving prc;:;lems, and how willing and committed are they to solving

your proble:-:-,s. =heck this out with other users to verify.
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Maneuverability - Is :he device flexible enough for your facility;

how much force is required to push/pull/turn the device? Is it

likely that the device will stick and requi~e inpact loading to

overcome (exposes personnel to sudden movement injuries)?

Leg spread adjustabi:~ty - How easily does the leg spread adjust?

Difficulty adjusting leg spread (especially when the device was

loaded) was a commer: complaint in the nursing tome and in the

research study?

injury.

This also exposes personnel to sudden movement

Ease of control '.lse - The design and placemen: of the device

controls (electronics, brakes, leg adjust, speed of up/down,

smoothness, jattery :ocation 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 ~~ controls evaluate the likelihood of

accidental misuse and its possible effects. These events happen

infrequently, but t:-:ey a~e usually very severe 2vents - like a

dropped resident fo~ examDle.

Security of slings - :n the nursing home evaluati~n, concern was

expressed that some slings made it too easy ::;~ residents to

wriggle or thrash eu: of the sling. Since these designs change

pe~iodically, careful:v evaluate the devices for :his possibility

- the result, a dropped resident would be a serious problem.

Strap design - NLmercus complaints were made about ::-:e strap design
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on the stand-up devices. Evaluate them to insure they are wide

enough to distribute the load on the resident's back and they do

::ot allow the residen"t to slip out of the strap; does the main

strap have a backup safe"ty s"trap to keep the main sLrap on the

resident?

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

out manual is more reliable and cheaper.

Time to use correctly - The time to correctly use the device is

~~portant in determining its uLility. Evaluate it carefully during

the en-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 c~icker but ~ore hazardous manual handling

:neLhcds?

~i:ting devices are evolvi::g - ;nodels change quickly - be sure you

~now what you are buying.

?rotrusions in the resident hang area or operator areas - these

c8uld cause injuries, and 'tJill be regarded as "hassles" which

translate into non-use of the device. In evaluating Lhe devices,

consider all of the movements required for the operator (moving

device, getting resident in device, ~sing controls, changing the

cattery, doing maintenance, etc.) and those of the swinging

resident.
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Unit 5~ability under various loading conditions including legs ar

diffe=ent widths - There are industry standards for stabili.ty.

Make ::-..:re that the device being considered meets these minimum

standa=js. If you have very heavy or combative residents, ~onsider

the aiied need for stability associated with these residents.

Up/do~~ speed control The speed should be adjustable to

accoIT~:date the needs of operator and resident. Moving too fast

may pa~ic a resident and that could result in an accident.

Place ::r =esidents to hang on if they feel insecure - Residents

consi5:ently requested this because it ~ade them feel more secure.

It als: keeps them from grabbing the operator.

Does ::evice meet industry design standards - Do not accept the

sales=e=son's word; check with the standards organization.

Test devices with your staff - Remember, if it is PERCE:VED as

hard := slow or unsafe to use, it will end up in the closet.

Batte=': ~:..:e and recharge options - These units must be available

at -cimes, and battery life, recharge +-':...lme, and ;:;attery

swi tc::-_:..~g ease are all considerations in device selecti8:1 - no

batte=; means no use.

___ indicated, this list is based on the author's observations

and e~:erience with the devices. It is for the consideration of

pote::::".:=.l device purchasers, and is not intended to be an all

inch.::::..·.-e list. Potential users are encouraged to develop their

own and to shop wisely.
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facility's worker's compensation costs, but to do so, there must be

a match between ~he facility's needs and the devices abilities.
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