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Long-Term Efficacy of an Ergonomics Program
That Includes Patient-Handling Devices on
Reducing Musculoskeletal Injuries to Nursing

Personnel

Arun Garg and Jay M. Kapellusch, University of Wisconsin-Milwaukee

Objective: The aim of this study was to evaluate
long-term efficacy of an ergonomics program that
included patient-handling devices in six long-term care
facilities (LTC) and one chronic care hospital (CCH).

Background: Patient handling is recognized as
a major source of musculoskeletal disorders (MSDs)
among nursing personnel, and several studies have
demonstrated effectiveness of patient-handling devices
in reducing those MSDs. However, most studies have
been conducted in a single facility, for a short period,
and/or without a comprehensive ergonomics program.

Method: Patient-handling devices along with a
comprehensive ergonomics program was implemented
in six LTC facilities and one CCH. Pre- and post-
intervention injury data were collected for 38.9 months
(range = 29 to 54 months) and 51.2 months (range = 36
to 60 months), respectively.

Results: Postintervention patient-handling injuries
decreased by 59.8% (rate ratio [RR] = 0.36, 95%
confidence interval [CI] [0.28, 0.49], p < .001), lost
workdays by 86.7% (RR = 0.16,95% CI [0.13,0.18],p <
.001), modified-duty days by 78.8% (RR = 0.25,95% ClI
[0.22,0.28],p < .001),and workers’ compensation costs
by 90.6% (RR = 0.12, 95% CI [0.09, 0.15], p < .001).
Perceived stresses to low back and shoulders among
nursing staff were fairly low. A vast majority of patients
found the devices comfortable and safe. Longer transfer
times with the use of devices was not an issue.

Conclusion: Implementation of patient-handling
devices along with a comprehensive program can be
effective in reducing MSDs among nursing personnel.
Strategies to expand usage of patient-handling devices
in most health care settings should be explored.

Keywords: patient transfer, musculoskeletal injuries,
ergonomic intervention, nursing personnel, patient han-
dling, injury reduction
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INTRODUCTION

Musculoskeletal injuries (MSDs), in particular,
back and shoulder injuries, are a major problem
for nursing personnel in all settings of patient
care, including hospitals, long-term care, and
home health care (Bureau of Labor Statistics
[BLS],2009; Hegmann & Garg, 2004; Lagerstrom,
Hansson, & Hagberg, 1998; Myers, Silverstein, &
Nelson, 2002; Waters, Collins, Galinsky, &
Caruso, 2006). According to the BLS (2009),
nursing aides (NAs) had the highest incidence rate
of days-away-from-work injuries and illnesses
(465 per 10,000 workers) and the third highest
number of these injuries and illness (44,930)
among all occupations in 2007. Regarding MSDs,
NAs had the highest incidence rate of days-away-
from-work injuries and illnesses (252 per 10,000
workers), a rate more than 7 times the national
MSD average for all occupations (BLS, 2009). In
2006 (most recent data available), the majority of
injuries and illnesses (56%) among NAs involved
health care patients, with 86% of those injuries
attributable to overexertion (BLS, 2007).

Although the precise causes of MSDs among
nursing personnel are not known, many studies
have reported that manual lifting and transfer-
ring of patients, especially frequent lifting,
was associated with increased incidence of
low-back pain (Byrns, Reeder, Guang, &
Pachis, 2004; Engkvist et al., 1998; Hignett,
1996; Nelson, Fragala, & Menzel, 2003; Owen
& Garg, 1993; Retsas & Pinikahana, 2000;
Smedley, Egger, Cooper, & Coggon, 1997,
Vasihadou, Karvolntzis, Soumilas, Roumehotis,
& Theodosopoulou, 1995; Winkelmolen, Lande-
weerd, & Drost, 1994; Yassi et al., 2001; Yassi,
Khokhar, Tate, Cooper, & Vallentype, 1995;
Zhuang, Stobbe, Hsiao, Collins, & Hobbs, 1999).
According to Owen (1989), patient handling
was the precipitator of back injuries in 89% of
low-back injury reports filed by nurses in a hos-
pital setting.

Downloaded from hfs.sagepub.com at UNIV OF WISCONSIN MILWAUKEE on August 14, 2012


http://hfs.sagepub.com/

PATIENT-HANDLING DEVICES AND INJURY REDUCTION

609

Biomechanical studies of manual lifting and
transferring of patients have reported high peak
compressive forces exceeding the 3400 N limit
recommended by the National Institute for
Occupational Safety and Health (Daynard et al.,
2001; Garg & Owen, 1994; Garg, Owen, Beller,
& Banaag, 1991a, 1991b; Marras, Davis, Kirking,
& Bertsche, 1999; Schibye et al., 2003; Skotte,
Essendrop, & Hansen, 2002; Ulin et al., 1997,
Waters, Putz-Anderson, Garg, & Fine, 1993) and
suggested that these activities expose nursing per-
sonnel to high risk of low-back disorders.
Similarly, a few studies have reported high cumu-
lative spinal loads from patient-handling activi-
ties (Daynard et al., 2001; Village et al., 2005). In
psychophysical studies, nursing personnel have
reported high perceived stresses on low back and
shoulder during manual lifting and transferring of
patients (Garg et al.,, 1991a, 1991b; Garg &
Owen, 1992; Owen & Fragala, 1999; Owen,
Keene, & Olson, 2002; Village et al., 2005;
Winkelmolen et al., 1994; Yassi et al., 2001).

Historically, education and training in body
mechanics and lifting and transferring tech-
niques have been used to reduce MSDs in nurs-
ing personnel (Garg & Owen, 1992; Lagerstrom
& Hagberg, 1997; Silverstein, 2006; Videman
et al., 1989; Yassi et al.,, 2001). With a few
exceptions, these approaches have not been
effective in reducing MSDs in nursing person-
nel (Feldstein, Valanis, Vollmer, Stevens, &
Overton, 1993; Garg & Owen, 1992; Hartvigsen,
Lauritzen, Lings, & Lauritzen, 2005; Hignett,
1996; Jensen et al., 2006; Johnsson, Carlsson,
& Lagerstrom, 2002; Lagerstrom & Hagberg,
1997; Videmanetal., 1989). Appropriate patient-
transferring assistive devices, including mechani-
cal patient-lifting hoists, offer engineering solu-
tions to reducing biomechanical stressors
among nursing personnel. Several field studies
have examined the efficacy of assistive devices,
in particular, mechanical hoists, in reducing
MSDs among nursing personnel (Brophy,
Achimore, & Moore-Dawson, 2001; Charney,
2000; Charney, Simmons, Lary, & Metz, 20006;
Collins, Wolf, Bell, & Evanoff, 2004; Engst,
Chhokar, Miller, Tate, & Yassi, 2005; Evanoff,
Wolf, Aton, Canos, & Collins, 2003; Garg &
Owen, 1992; Guthrie et al., 2004; Li, Wolf, &

Evanoff, 2004; Lynch & Freund, 2000; Miller,
Engst, Tate, & Yassi, 2006; Nelson et al., 2006;
Owen et al., 2002; Yassi et al., 2001).

All these studies, except three (Charney
et al., 2006; Collins et al., 2004; Evanoff et al.,
2003), have evaluated the efficacy of patient-
transferring devices either in one nursing facil-
ity and/or for a short term (often <1 year). Most
studies have involved only mechanical lifts, and
a few have involved repositioning devices. With
the exception of Owen et al. (2002), none of
these studies has reported the impact of patient-
handling assistive devices on patient comfort,
safety, and patient transfer time. Few studies
have addressed the barriers to efficaciously
implementing patient-handling devices.

The objective of this study was to determine
long-term efficacy of a comprehensive ergo-
nomic intervention that included patient-han-
dling devices in multiple nursing facilities on
patient-handling injuries to nursing personnel.
In addition, impact of patient-handling devices
on perceived stresses to nursing personnel,
comfort and safety of patients, and patient
transfer time were studied.

Prior Intervention Studies on
Assistive Devices

The following is a brief summary of many
prior intervention studies on assistive devices:

Charney (2000) evaluated the effectiveness
of mechanical lifts in combination with an
already existing lift team (N = 20 personnel) in
an acute care facility (200 beds) through the use
of a preintervention (2 years) and postinterven-
tion (1 year) design. Number of lost-time inju-
ries decreased from 10 to 2, lost days from 27 to
0, and restricted workdays from 161 to 2.

Lynch and Freund (2000) implemented a
program consisting of patient-transferring devices
(walking belts, transfer boards, and hoists),
administrative controls, and proper body mechan-
ics when transferring patients in a 440-bed
acute care hospital. The authors compared pos-
tintervention injuries (1 year) with average inju-
ries across a 3-year preintervention period. The
lost-time injuries decreased by 30% and the
average number of lost workdays per back
injury by 73%.
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Yassi et al. (2001) conducted a randomized
control trial in a large hospital (medical, surgical,
and rehabilitation; N = 346 nurses and aids). The
control group (Arm A) received training in lifting
techniques (only upon request) and equipment
use, Arm B received 3 hr of training and adopted
a “safe lifting” program (one mechanical lift,
transfer belts, and two to four sliding devices),
and Arm C received 3 hr of training and adopted
a “no strenuous lifting” program (total body lifts,
sit-stand lifts, and a set of sliding boards). At a
1-year follow-up of the three arms, although the
injury rates were not significantly affected by the
intervention, there was improved comfort with
patient handling, decreased staff fatigue, and
decreased physical demands in Arm C (p <.01).

Owen et al. (2002) implemented an ergo-
nomics program in an experimental hospital (40
beds, 37 volunteers) and compared program
effectiveness with a control hospital (40 beds, 20
volunteers). Patient-transferring devices included
total lifts, sit-stand lifts, walking belts with han-
dles, friction-reducing devices, and toileting
devices for toileting in bed. The authors reported
that the perceived stresses to nursing staff were
lower and that the patients felt more comfort-
able and secure in the experimental hospital
(p < .01). The study compared postintervention
injuries (18 months) with those in preinterven-
tion (18 months) in the experimental hospital.
Back and shoulder injuries decreased by 40%,
lost workdays by 95.3%, and restricted work-
days by 20%. The authors concluded that the
number of injuries decreased and that the sever-
ity of injuries was reduced (lost and restricted
workdays).

Evanoffet al. (2003) conducted a pre- and post-
intervention study in four hospitals and five long-
term care facilities (N = 6,835 full-time work
years for the entire study period). Assistive devices
included full-body lifts and stand-up lifts, and all
members of nursing staff were requested to attend
a 2-hr hands-on instructional course on lift opera-
tion. Pre- and postintervention periods ranged
from 2 to 3 years (a total of 5 years). Analysis of
combined data showed significant decreases in
recordable injury rate (relative risk [RR] = 0.82,
95% confidence interval [CI] [0.68, 1.00]), lost-
workday injury rate (RR = 0.56, 95% CI [0.41,
0.78]), and lost-workday rate (RR = 0.42, 95% CI

not provided). Larger reductions were reported in
long-term care facilities. Furthermore, observed
reductions in injury and lost-workday injury rates
were greater in those units that reported greater
use of the lifts. The authors recommended, “Future
work should focus on strategies to facilitate greater
use of mechanical lifting devices” (Evanoff et al.,
2003, p. 456).

Li et al. (2004) reported effectiveness of
using mechanical lifts (portable full-body lifts
and stand-up lifts) and friction-reducing sheets
on patient-handling injuries in three nursing
units of a 111-bed community hospital (138
health care workers) with a preintervention (19
months) and postintervention (26 months)
design. The study reported decreases, statisti-
cally not significant, in Occupational Safety
and Health Administration (OSHA) recordable
adjusted injury rate (RR = 0.50, 95% CI [0.20,
1.26]) and lost-workday injury rate (RR = 0.35,
95% CI[0.10, 1.16]). The authors reported that
one of the problems encountered was the reluc-
tance of many nursing staff to use mechanical
lifts for patient transfers.

Collins et al. (2004) determined the effec-
tiveness of a “best-practices” program in six
nursing homes (a total of 552 beds and 1,728
nursing personnel) with a pre- and postinterven-
tion design (36 months each). The program
included mechanical lifting equipment and
repositioning aids, worker training on use of
these devices, a medical management program,
and a written zero-lift policy. Adjusted RRs for
patient-handling injuries were 0.54 (95% CI
[0.40, 0.73]) for injuries reported on OSHA 200
logs, 0.65 (95% CI [0.50, 0.86]) for first reports
of employee injury and 0.39 (95% CI [0.29,
0.55]) for workers’ compensation injury claims.
The rate of lost and restricted-workday injuries
also declined with RRs of 0.34 (95% CI [0.20,
0.60]) and 0.62 (95% CI [0.44, 0.87]), respec-
tively. The estimated payback period was
slightly less than 3 years.

Nelson et al. (2006) evaluated the effective-
ness of a patient care ergonomics program that
included a no-lift policy in seven facilities (19
nursing home care units and four spinal cord
injury units, 20 to 60 beds per unit and 19 to 53
nursing personnel per unit) with a pre- and pos-
tintervention design (two 9-month periods)
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without a control group. Patient-handling
devices included ceiling lifts, floor-based total
and sit-stand hoists, mechanical transfer aids,
friction-reducing devices, and belts with han-
dles. Only musculoskeletal injuries that
occurred during patient transfer were studied.
Postintervention injury rates decreased in 15 units,
increased in 7 units, and remained unchanged in
1 unit. Overall, injury rate decreased by 29.6%
(p = .04), modified-duty days by 20.2% (p =
.02), and lost workdays by 18.2% (p =.79). The
estimated annualized cost savings for the entire
program was $204,599. The authors concluded
that a 3-year follow-up period would be ideal
because of the cumulative nature of nursing
injuries.

Washington Hospital Services implemented
a zero-lift program (mechanical lifts) in 31 of its
38 rural hospitals (20 to 200 beds; Charney et
al., 2006). The authors compared 1-year post-
and preintervention patient-handling injury
rates. Patient-handling injury claims decreased
by 43%, lost-time injury rates by 50%, and total
incurred cost per claim by 24%.

Miller et al. (2006) evaluated the effective-
ness of ceiling lifts in a 63-bed long-term facil-
ity (45 nurses and aids) using a pre- and
postintervention (1 year each) design with a
concurrent control nursing home (100 beds, 29
nurses and aids) with portable mechanical lifts.
In the intervention facility, patient-handling
claims and cost decreased by one claim and
70%, respectively, whereas in the control facil-
ity, these increased by six claims and 241%,
respectively.

METHOD

A pre- and postintervention design without a
control group and a participatory approach
were used to evaluate the efficacy of an ergo-
nomic intervention involving patient-handling
devices in six long-term care (LTC) facilities
(Facility 6 provided combined data from two
LTC facilities and is treated as one facility) and
one chronic care hospital (CCH). In all seven
nursing facilities, patient mix included totally
dependent, extensive-assist, minimum-assist,
and supervised residents. All seven nursing
facilities had patients with Alzheimer’s, demen-
tia, and psychiatric problems and requiring

skilled care. The research team assisted in
developing and implementing ergonomics
interventions in four nursing facilities (1 to 4,
Table 1). The other three nursing facilities
had an ongoing ergonomics program (5 to 7,
Table 1) and developed ergonomic interven-
tions in-house. Number of beds, number of
nursing and total employees, patients’ weight-
bearing abilities, and pre- and postobservation
periods for the seven nursing facilities are sum-
marized in Table 1.

Ergonomics Program

Participatory ergonomics. The term partici-
patory approach generally means worker
involvement (Cohen, 1994). Levels and forms
of participation include quality circles, labor-
management committees, work teams, and gain
sharing (Cohen, 1994). To address workplace
hazards, companies have employed joint labor-
management safety and health committees,
work teams, direct worker input into hazard
control, and worker participation in ergonomics
problem solving (Cohen, 1994).

Haines, Wilson, Vink, and Koningsveld
(2002) developed a framework for participatory
ergonomics consisting of nine dimensions: (a)
permanence of initiatives, (b) involvement, (c)
level of influence, (d) decision-making power,
(e) composition, (f) requirement, (g) focus, (h)
remit, and (i) role of “ergonomics specialist”
(hereafter referred to as D1 to D9). This study
employed all nine dimensions.

Each facility developed a participatory ergo-
nomics program to reduce patient-handling
injuries throughout the entire facility (D3), pri-
marily through implementation of “no-manual-
lifting programs” (D7). The programs were
developed and implemented by teams with rep-
resentatives (D2) from management and volun-
teers (D2) from nursing, housekeeping, dietary,
and maintenance departments (D5). An ergo-
nomics specialist assisted Facilities 1 through 4
in developing and implementing their programs
and provided guidance to all seven facilities
after their programs began (D9). Team mem-
bers invited several vendors to demonstrate
their equipment and leave it with the facility for
further evaluation. Each team was empowered
(D4) to (a) select and purchase equipment for its
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TABLE 1: Participating Nursing Facility Characteristics

Patient-
Total Nursing Nursing Observation Handling
Nursing Facility Beds Employees Employees Employees  Period Devices Cost
Facility Type (n) (Total n) (Total n) (FTE) (months) Patient Type (x 1,000)
% % %
Pre  Post NWB WB Sup
1 LTC 131 158 75 55.5 29 49 33 34 33 $45
2 LTC 133 137 83 63.8 30 49 7 43 50 $47
3 LTC 189 170 145 99.0 54 48 26 56 18 $51
4 LTC 253 230 161 124.3 54 48 25 35 40 $60
5 CCH 124 267 136 104.9 36 36 18 65 17 $62
6 LTC 245 250 177 147.0 36 60 - - — $60
7 LTC 85 125 76 41.2 36 60 4 64 32 $50
Total 1,160 1,337 853 635.7 — — 21 47 32 $375

Note. LTC = long-term care; CCH = chronic care hospital; FTE = full-time equivalent; Pre = preintervention; Post =
postintervention; NWB = non-weight bearing; WB = weight bearing; Sup = supervised. Dash indicates data were

not available.

facility (D8), (b) develop training programs for
nursing personnel on proper use of equipment
(D8), (c) determine appropriate transferring
devices to be used with each patient and for
each transfer (D8), (d) monitor equipment-use
compliance (D8), and (e) address unforeseeable
problems brought to its attention by employees
(DR8). Participation in the no-manual-lifting pro-
grams developed by the teams was mandatory,
and adherence to the programs was monitored
by key personnel (D6). On an ongoing basis,
each team met monthly to discuss and resolve
problems, address injuries, and monitor pro-
gram effectiveness (D1).

Addressing barriers to implementing no-
manual-lifting program. In health care facili-
ties, barriers to providing and using lifting
equipment may include cost (Collins et al.,
1994); management cooperation, commitment,
and visible support (Evanoff et al., 2003; Li
et al., 2004); a reluctance to use mechanical
devices for patient transfers (Garg & Owen,
1992; Li et al., 2004); lack of readily available
patient-transferring devices and slings (Bell,
1987; Garg, Owen, & Carlson, 1992; Jensen,
1987; McGuire, Hanson, & Tigar, 1996); lack of
clarity on which mechanical aid to use in the

patient care plan (McGuire et al., 1996); lack of
proper training (Bell, 1987; Garg et al., 1992;
McGuire et al., 1996; Li et al., 2004; Takala &
Kukkonen, 1987); employee buy-in (Garg &
Owen, 1992); concerns about patient comfort
and safety (Collins et al., 2004); and the time
required to use the equipment (Collins et al.,
2004; Garg et al., 1991a, 1991b; Garg & Owen,
1992).

‘When implementing the no-manual-lifting pro-
grams, we paid special attention to addressing the
above barriers as well as included elements from
the lead author’s own experience (Garg et al.,
1992; Garg & Owen, 1992). In this regard, key
aspects of the implemented programs included (a)
management commitment and participation, (b)
empowerment of nursing personnel in equipment
selection and program implementation, (c) evalu-
ation of patients’ transferring needs by nursing
personnel, (d) laminated cards in each patient
room specifying patient-handling devices to be
used, (e) adequate patient-handling equipment for
each nursing unit for easy access, (f) spare slings
and parts in each facility to minimize equipment
down time, (g) hands-on training of all nursing
personnel, (h) monitoring use of patient-handling
devices by key nursing personnel, (i) feedback

Downloaded from hfs.sagepub.com at UNIV OF WISCONSIN MILWAUKEE on August 14, 2012


http://hfs.sagepub.com/

PATIENT-HANDLING DEVICES AND INJURY REDUCTION

613

from key nursing personnel to those nursing per-
sonnel who needed help, (j) team approach to
address patients’ and family members’ concerns
about patient-handling devices, and (k) monthly
meetings to discuss and resolve problems and
concerns.

Management commitment. Management
commitment included financial support for pur-
chasing equipment, formation of participatory
ergonomics teams, assignment of responsibility
to a nursing coordinator to manage the ergo-
nomics program, and show of visible support
for the program by participating in participatory
ergonomics teams from time to time. These
teams consisted of 10 to 14 tecam members,
mostly NAs (approximately 50% team mem-
bers) and nurses. Participatory ergonomics
teams also had 1 member each representing
housekeeping, dietary, and maintenance. The
teams met once per month. Although both the
management and the employees believed that
manual lifting and transferring of patients were
the most hazardous tasks in their facilities, the
participatory ergonomics teams also discussed
slips and falls and unsafe conditions in dietary
and housekeeping departments and recom-
mended solutions to identified problems.

Equipment evaluation and selection. All
seven nursing facilities invited different
vendors to demonstrate their patient-handling
equipment. The participatory ergonomics teams
evaluated these devices. Nurses and NAs served
as both patients and caregivers. The evaluation
period ranged from 4 weeks to 3 months. The
investigators trained 12 nursing personnel
(hands-on training) in the use of these devices
and prepared written instructions along with
pictures and videos showing proper and
improper uses of these devices in Facilities 1 to
4. In Facilities 5 to 7, vendors trained the par-
ticipatory ergonomics team members in the use
of selected patient-transferring devices, and the
investigators provided additional training dur-
ing postintervention as requested by those
facilities.

Empowering ergonomics teams in equipment
selection and use. In all seven nursing facilities,
the participatory ergonomics teams were
empowered to determine the brand(s) and quan-
tity of patient-handling devices. In Facilities 1

to 4, patient-handling devices included portable
battery-powered total-lift hoists for transferring
non-weight-bearing patients, portable battery-
powered sit-stand hoists for transferring partial-
weight-bearing patients, walking belts with
handles for transferring fully weight-bearing
patients with the use of a pulling technique
(Garg & Owen, 1992), shower chairs for toilet-
ing and showering, shower gurneys, a friction-
reducing sheet for use under the draw sheet for
repositioning in bed, friction-reducing sheet
and walking belt for repositioning in wheel-
chair, and ramp-type weighing scales (Figure 1).
Nursing Facilities 5 to 7 primarily used battery-
operated total lift hoists and battery-operated
sit-stand hoists. In addition, Facility 5 had a few
ceiling-mounted hoists, slide boards, and slide
transfer sheets; and Facility 6 had modern bath-
tubs with doors. All facilities ensured that each
nursing unit would be self-sufficient in these
devices when determining how many devices to
order.

For each unit, one total-lift hoist, one sit-
stand hoist, one friction-reducing sheet, and one
shower chair were ordered for up to eight
patients who needed to be transferred with the
use of those devices. In addition, one walking
belt with handles (small, medium, or large) was
ordered for each patient who needed to be trans-
ferred with the use of a walking belt. NAs and
nurses (participatory ergonomics team mem-
bers) determined appropriate assistive devices
for transferring both existing patients as well as
new admissions. A laminated patient transfer
card was prepared that showed all patient trans-
fers and devices to be used for each transfer for
each patient. Cards were stored in patients’
rooms to provide easy reference to nursing per-
sonnel and to avoid decision making at the indi-
vidual caregiver level.

Program training, compliance, and continu-
ous improvement. All seven nursing facilities
adopted a no-manual-lifting policy and made
use of patient-transferring devices mandatory.
The staff development coordinators and the
members of the participatory ergonomics teams
were responsible for training both new and all
other NAs and nurses, including director of
nursing, in proper use of patient-transferring
devices. Responsibilities were assigned for
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Figure 1. Patient-handling devices used during
postintervention: (a) battery-powered total-lift
hoist, (b) battery-powered sit-stand hoist, (c)
walking belt with handles and snap-on buckles, (d)
transferring patient with use of walking belt and
pulling technique, (e) friction-reducing device under
bedsheet to reposition patient in bed, (f) shower chair
for showering and toileting patients.

storing devices, charging batteries, sling inspec-
tion, ordering spare parts, and performing main-
tenance on these devices. Key nursing members
of the participatory ergonomics teams were
responsible for random monitoring of patient
transfers, providing feedback to NAs and
nurses, and discussing unforeseeable problems
with patient transfers in monthly meetings.
All employees were encouraged to report any

problem with patient handling or any other
safety concern to the participatory ergonomics
team.

A small minority of patients and their family
members preferred manual lifting. They were
informed that use of patient-handling devices
was not an option, and a group of nursing per-
sonnel persuaded them in favor of patient-han-
dling devices by emphasizing risks to patients
and nursing personnel from a manual transfer.

Data Collection

All data were collected during intervention
and postintervention. Nursing personnel from
the participatory ergonomics teams obtained
the signed consent forms from all nursing per-
sonnel and from those patients who were able
to respond either in writing or verbally in
Facilities 1 to 4. The response rate for the nurs-
ing personnel was 97% and 68% for those
patients who were able to respond (overall
response rate is unknown but estimated to be
greater than 50%). Nursing Facilities 5 to 7
provided injury and cost data to the researchers,
and no individual data were collected from
either nursing personnel or patients.

During intervention, 12 NAs and nurses
from the LTC facility formally evaluated differ-
ent devices for transferring patients from bed to
wheelchair and for repositioning in bed and
then selected the devices that they liked the
most. Those NAs and nurses served both as
caregivers and patients (mean patient weight =
76.8 kg, range = 47.2 to 103.6 kg). They rated
each device for stresses to low back and shoul-
ders on the Borg CR-10 Scale (Borg, 1982),
patient comfort on a 7-point comfort scale (1 =
extremely comfortable, 7 = extremely uncom-
fortable; Corlett & Bishop, 1976) and patient
safety on a 7-point scale similar to Corlett and
Bishop’s (1976) scale (1 = extremely safe, 7 =
extremely unsafe). They also rated the manual
transfer method using gait belt for lifting and
transferring patients from bed to wheelchair and
draw sheet for repositioning in bed. NAs and
nurses were randomly assigned patient-transfer
equipment to test, and perceived ratings were
obtained.

The postintervention period began after the
patient-transferring devices were placed for use
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in the nursing facilities. Facilities 1 to 4 were
visited 4 to 10 times per year, and Facilities 5 to
7 were visited 2 times per year by the first
author. Postintervention data in Facilities 1 to 4
included transfer time measured with a wrist
watch, ratings of perceived exertion for low
back and shoulders on the Borg CR-10 Scale
from nursing personnel, and ratings of per-
ceived comfort (comfortable, neither comfort-
able nor uncomfortable, uncomfortable) and
perceived safety (safe, neither safe nor unsafe,
unsafe) from patients. Immediately after a
patient transfer, NAs and nurses were asked to
provide perceived exertion ratings on a ques-
tionnaire. Patients were asked to provide per-
ceived comfort and safety ratings either on a
form or verbally. Nursing team members of the
participatory ergonomics teams collected these
data after obtaining consents from NAs, nurses,
and patients. Impacts of ergonomic interven-
tions on nursing personnel who were older (age
>50 years), pregnant, or with severe back prob-
lems were determined by identifying the num-
ber of nursing personnel in each of these
categories who continued to perform patient
transfers.

In each nursing facility, the preintervention
period was defined as the time prior to the date
patient-transferring devices were deployed in
that facility. Intervention period was the time
spent to evaluate and select devices. This time
period ranged from 3 to 6 months and was con-
sidered part of the preintervention period as no
patient-handling devices were provided to nurs-
ing employees. The postintervention period was
defined as the time from when the patient-trans-
ferring devices were deployed to the time data
collection ended. Since the seven nursing facili-
ties implemented no-manual-lifting programs at
different times and patient-transferring devices
were deployed at different times in different
facilities, pre- and postintervention time varied
for each nursing facility.

Pre- and postintervention injury data were
available for 38.9 months (range = 29 to 54
months) and 51.2 months (range = 36 to 60
months), respectively (Table 1). These data were
obtained from OSHA logs and insurance records
in Nursing Facilities 1 to 4. Nursing Facilities 5 to
7 analyzed their OSHA and insurance records and

provided summary data to the research team.
These data included patient-handling injuries, lost
workdays, modified-duty days, and workers’
compensation costs associated with patient-
handling injuries. A patient-handling injury was
defined as a musculoskeletal injury experienced
during an act of lifting, transferring, repositioning
in bed, boosting in wheelchair, or ambulating a
patient. These data were also collected for non-
patient-handling injuries experienced by any
employee in the nursing facility. In addition, costs
for patient-handling devices were provided by all
seven nursing facilities.

Data Analysis

For each nursing facility, mean values for
patient-handling injuries, lost workdays, modi-
fied-duty days, and workers’ compensation
costs were calculated per 100 nursing full-time-
equivalent employees (FTEs) per year for both
pre- and postintervention. A Poisson regression
model was used to compute RRs and 95% Cls
to compare post- and preintervention rates for
(a) patient-handling injuries, (b) lost workdays,
(c) modified-duty days, and (d) workers’ com-
pensation costs with the GENMOD procedure
in SAS 9.2 (Collins et al., 2004; Nelson et al.,
2006; SAS, 2008). Payback periods were deter-
mined by dividing the cost of equipment pur-
chased by mean savings per year in workers’
compensation costs (actual dollars, not adjusted
for inflation) associated with patient-handling
injuries. Separate analyses were performed for
each nursing facility as well as for combined
data from all seven facilities.

To determine whether ergonomic interventions
involving patient-handling devices were primarily
responsible for reduced injury rates, mean post-
and preintervention patient-handling injuries per
year were compared with mean post- and preinter-
vention non-patient-handling injuries per year
with the use of chi-square tests (SAS, 2008).
Similar chi-square tests were performed for lost
workdays, modified-duty days, and workers’
compensation costs per year for each nursing
facility as well as for the combined data from all
seven facilities.

Perceived exertion, comfort, and safety ratings
for the selected devices (postintervention devices)
were compared with manual patient-transferring
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methods (preintervention techniques) during
intervention (equipment selection) with the use of
paired ¢ tests. Descriptive statistics were calcu-
lated for postintervention transfer times, ratings
of perceived exertion, and patient comfort and
safety ratings.

RESULTS

Pre- and Postintervention Patient-
Handling Injuries, Lost Workdays,

Modified-Duty Days, and Workers'
Compensation Costs

Pre- and postintervention patient-handling inju-
ries, lost workdays, modified-duty days, and
workers’ compensation costs per 100 FTEs per
year are summarized in Table 2. Compared with
preintervention data, postintervention data showed
significant improvements in injuries, lost work-
days, modified-duty days, and workers’ compen-
sation costs associated with patient-handling
activities (p < .001). Overall, postintervention
patient-handling injuries on the combined data
from seven nursing facilities decreased by 59.8%
(RR =0.36, 95% CI [0.28, 0.49], p < .001), lost
workdays by 86.7% (RR = 0.16, 95% CI [0.13,
0.18], p < .001), modified-duty days by 78.8%
(RR =0.25, 95% CI [0.22, 0.28], p < .001), and
workers’ compensation costs by 90.6% (RR =
0.12, 95% CI [0.09, 0.15], p <.001) (Table 2).

Postintervention patient-handling injury rates
were significantly lower in six out of seven
nursing facilities (p < .05, RR = 0.21 to 0.61),
and lost workdays rates were lower in all seven
facilities (»p <.001, RR =0.00 to 0.50) (Table 2).
Modified days and workers’ compensation costs
were available from five and six nursing facili-
ties, respectively. Modified days rates signifi-
cantly decreased in four nursing facilities (p <
.001, RR = 0.04 to 0.20) and increased in one
nursing facility (RR = 1.17, 95% CI [0.95,
1.45], p = .15). Workers’ compensation cost
rates were significantly lower in all six nursing
facilities (p <.001, RR =0.00 to 0.47) (Table 2).

Payback Period

Complete data (patient-handling devices cost
and workers’ compensation costs) were avail-
able for six nursing facilities. The mean cost for
the patient-transferring devices purchased by
these six nursing facilities was $53,571 (range =

$45,000 to $62,000; Table 1). The mean sav-
ings in workers’ compensation costs associated
with patient-transferring injuries for these
six nursing facilities was $71,822 per year
(Table 2). The mean of payback periods for the
six facilities was 15 months (range = 5 to 31
months).

Comparison of Patient-Handling
Injuries With Non-Patient-
Handling Injuries

Injuries, lost workdays, modified-duty days,
and workers’ compensation costs per year for
non-patient-handling injuries are summarized
in Table 3. Chi-square tests on the combined
data from seven nursing facilities showed that
when compared with non-patient-handling
activities, overall postintervention patient-
transferring injuries, lost workdays, modified-
duty days, and workers’ compensation cost
per year showed significant decreases from
preintervention levels (p < .001; Table 3).
Postintervention injuries from non-patient-han-
dling activities remained practically unchanged,
and modified-duty days and workers’ compen-
sation costs increased. Lost workdays decreased
but to a much lesser extent than did those
associated with patient-handling activities.
Regarding individual nursing facilities, when
compared with non-patient-handling activities,
postintervention patient-transferring injuries
per year showed significant decreases from
preintervention levels in four out of seven nurs-
ing facilities (p <.04), lost workdays per year in
five out of seven (p <.007), modified-duty days
in five out of five (p <.001), and workers’ com-
pensation costs in five out of five (p < .001)
(Table 3).

Perceived Exertion, Comfort, and
Safety Ratings

Postintervention perceived exertion ratings for
low back and shoulder from nursing personnel
and comfort and safety ratings from patients are
summarized in Table 4. Nursing personnel rated
the perceived stresses to low back and shoulder
between very light and light. Overall, three out
of four patients found the devices comfortable
and safe. Among the four patient-handling
devices, walking belt with handles was rated as
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TABLE 4: Summary of Percentages of Patients Feeling Comfortable and Safe and Perceived Exertion
Ratings for Nursing Personnel During Postintervention

Resident Comfort and Safety Ratings

Nursing Personnel Perceived
Exertion Ratings®

Device n Comfort

Safety n

Low Back Shoulder

Uncom-

Comfortable Neither/ fortable Safe Neither/ Unsafe

(%) Nor (%) (%) (%)

Nor (%) (%)

M SD Range M SD Range

Total lift 200 72.0 21.0 7.0 70.0
Sit-stand lift 129 64.4 30.2 54 635
Walking 114 79.8 17.6 2.6 833
belt with
handles
Friction- 61 55.7 41.0 3.3  59.0
reducing
sheet
Total 504 69.8 25.0 5.2 70.0

24.0 6.0 214 15 141 05 13 128 0-5
31.8 47 138 13 130 0-5 10 112 04
14.9 1.8 114 10 1.14 0-5 0.8 1.01 0-4
41.0 0.0 61 16 135 05 16 129 0-5
26.0 40 527 14 134 05 12 121 0-5

“Borg CR-10 ratings (Borg, 1982).

TABLE 5: Transfer Times for Patient-Handing Devices During Postintervention (in minutes)

Transfer Time

Device n Mean Standard Deviation Range

Total lift 121 3.94 3.94 1.00-8.50
Sit-stand lift 80 2.86 2.86 0.70-7.50
Walking belt 84 1.31 1.31 0.17-3.50
Friction-reducing sheet 44 2.33 1.73 0.30-6.30

comfortable and safe by the largest percentage of
patients (>80%) and friction-reducing sheet by the
smallest percentage of patients (<59%) (Table 4).
There were frequent comments made by the nurs-
ing personnel either on their perceived exertion
ratings form or to the research team, such as
“improved patient care,” “equipment user-
friendly,” “reduced stress,” “I go home without
my back being sore,” and “We are a lot less tired
at the end of the day.”

Postintervention transfer times for total lift,
sit-stand lift, walking belt with handles, and the
friction-reducing device are summarized in
Table 5. On average, the walking belt required
the least amount of time and the total lift the
most time for patient transfers.

During the intervention phase, a comparison
of patient transfers with the use of selected

patient-handling devices with manual method
of transfer showed that all devices were rated as
less stressful on the low back (p < .001), shoul-
ders (p <.008), and wrists (p < .005) (Table 6).
Patients rated total lift and sit-stand lift as more
comfortable (p < .007) and safe (p <.010) and
walking belt with handles as safer (p < .001)
than manual lifting method (Table 6). The fric-
tion-reducing device was found neither signifi-
cantly more comfortable nor safer than the draw
sheet (p > .10).

Impact on Staffing Level and on
Older and Pregnant Workers and
Those With Severe Back Problems

The ergonomics programs neither required
nor resulted in any increase in nursing staff in
any of the seven facilities. Postintervention,
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eight out of nine NAs continued their employ-
ment well into their pregnancies. Similarly, in
one nursing facility, all seven NAs >50 years of
age and three NAs >60 years of age were able
to continue their employment. In all seven
facilities, there were seven nurses and NAs
diagnosed with herniated disc and/or degenera-
tive spine disease, and two of these underwent
surgeries prior to intervention. All seven had
permanent restrictions (no lifting >20 kg, no
repetitive lifting and bending). Postintervention,
all seven nurses and NAs performed their regu-
lar duties, including all patient transfers.

Other Factors Affecting Injury
Reporting

All seven nursing facilities indicated that
their patient acuity levels were going up
(although the actual acuity rates over time are
unknown). For example, data provided by
Nursing Facility 5 showed that the patient case
mix index (CMI) for postintervention Years 1,
2,3,4, and 5 was 0.92, 0.88, 1.11, 1.11, and
1.24, respectively. A CMI of <1.0 for an LTC
facility indicates that medical care is required,
1.0 represents an average LTC patient, and >1.0
indicates that the patient is more complex. In
addition, Nursing Facilities 2 and 4 each con-
verted one of their units with patients requiring
minimum care into acute care units.

There were no changes from pre- to postinter-
vention in injury reporting policy, nursing person-
nel’s workload, or nurse-to-patient ratio at any of
the facilities. Staffing levels (number of nurses
and nursing aides) showed day-to-day fluctuations
because of sick leave, vacation, and turnover, but
there were no material changes in staffing levels
from pre- to postintervention at any of the facili-
ties. The no-manual-lifting programs neither
required nor resulted in an increase in nursing staff
in any of the seven facilities. Furthermore, these
programs did not affect employee turnover rates.
Although the turnover rate in one of the nursing
facilities (Facility 7) decreased from 150% prein-
tervention to 40% postintervention, the other six
facilities did not experience any improvement in
turnover rates. The turnover rate in Facilities 1 to
4 was approximately 80% and in Facility 6 was
130% during both pre- and postintervention. The
turnover rate for Facility 5 was not available.

DISCUSSION

This study demonstrates that ergonomics
programs implemented in seven nursing facili-
ties with participatory ergonomics teams and
modern patient-handling devices were highly
successful in reducing number of injuries, lost
workdays, modified-duty days, and workers’
compensation costs associated with patient-
handling activities, in spite of indications that
patient acuity level might have been increasing
during postintervention. This study adds to the
growing body of evidence that modern patient-
handling devices are effective in reducing
patient-handling injuries, particularly when
implemented as part of a comprehensive ergo-
nomics program (Charney et al., 2006; Collins
et al., 2004; Evanoffet al., 2003; Garg & Owen,
1992; Li et al., 2004; Lynch & Freund, 2000;
Nelson et al., 2006; Owen et al., 2002).

Overall, the greater reductions in lost work-
days (86%) and workers’ compensation costs
(84%) as compared with injuries (62%) associ-
ated with patient-handling activities suggest
that postintervention injuries were less severe
and/or that injured nursing personnel were able
to return to their employment earlier because of
availability of patient-handling devices. This
observation is consistent with other studies
(Evanoff et al., 2003; Garg & Owen, 1992;
Owen et al.,, 2002) that have also reported
greater reduction in lost workdays as compared
with injuries. Relatively, short payback periods
from this study suggest that patient-handling
devices are an economically efficient way of
reducing injuries and injury costs in nursing
facilities. Longer transfer times observed dur-
ing use of patient-handling devices was not a
concern to nursing personnel and are consistent
with those reported by Garg et al. (1991b).

Nursing Facilities 1 to 4 showed greater
reduction in patient-transfer injuries than did
Facilities 5 to 7 (Table 3). For Facilities 1 to 4,
comprehensive ergonomics programs and inter-
ventions were developed by the principal inves-
tigator on the basis of lessons learned from
previous studies (Garg et al., 1992; Garg &
Owen, 1992). Facilities 5 to 7 developed their
own ergonomics programs. In addition, Facilities
1 to 4 were visited more frequently than
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Facilities 5 to 7 during postintervention follow-
up. It is possible that the comprehensive ergo-
nomics programs and more frequent follow-up
visits to Facilities 1-4 led to greater reductions
in patient-transfer-related injuries in those
facilities.

Intangible benefits of the ergonomics pro-
gram and patient-handling devices used in this
study included the following: (a) nursing per-
sonnel believed they were less tired at the end
of their work shifts, and their backs were less
sore (postintervention perceived exertion rat-
ings); (b) most of the NAs in their 50s and 60s
were able to continue their employment; (c)
pregnant NAs were able to continue to work
well into their pregnancies; and (d) managers
believed there was an increase in employee
morale and a decrease in absence rate.

Strengths of this study include addressing of
barriers in effective implementation of patient-
handling devices (discussed later), adoption of
a no-manual-lifting policy to encourage use of
the devices, implementation of patient-handling
devices in the entire nursing facility to avoid
temporary exposure to manual lifting when
assigned to a different unit in the facility, use of
multiple patient-handling devices to address
different levels of care required by patients,
relatively long pre- and postintervention obser-
vation periods for capturing improvements in
injury measures, and frequent visits to nursing
facilities by the research team members to col-
lect data and assist the nursing facilities in
resolving unforeseeable problems. It is possible
that the postintervention improvements in
injury statistics shown in this study are greater
than those reported in prior studies because of
these detailed methods that addressed most of
the issues raised by previous studies.

One potential limitation of this study is the
pre- and postintervention study design without
an external control group. Because of the pre-
and postintervention study design, we cannot be
certain that the observed postintervention
decreases in number of injuries, lost workdays,
modified-duty days, and workers’ compensa-
tion costs resulted from ergonomic interven-
tions. However, it is unlikely that these
decreases were attributable to Hawthorne effect.
First, the effect magnitudes (decreases in

postintervention from preintervention) are large
in all four injury statistics: 59.8% decrease in
patient-handling injuries, 86.7% in lost work-
days, 78.8% in modified-duty days, and 90.6%
in workers’ compensation costs. Second, con-
sistent with the recommendations of Nelson
et al. (2006), both pre- and postintervention
periods were fairly long, 37 months (range = 29
to 54 months) and 51 months (range = 36 to 60
months), respectively. Last, when treating non-
patient-handling activities as an internal con-
trol, overall postintervention patient-transferring
injuries per year, lost workdays per year, modi-
fied-duty days, and workers’ compensation cost
per year showed significant decreases from pre-
intervention levels.

Injury rates excluded minor injuries that did
not meet OSHA criteria for reporting and may
have resulted in underestimates of injuries.
Underreporting of injuries on OSHA logs is a
widely recognized problem (Li et al., 2004).
High turnover rates in nursing personnel might
have affected estimation of injury rates, as it
was difficult to accurately determine FTEs.
Another limitation of this study is that it did not
account for confounders, such as psychosocial
and work organization factors, that might have
affected our results.

Barriers in Effective
Implementation of Patient-
Handling Devices

On the basis of a systematic review of
patient-handling studies, Koppelaar, Knibbe,
Miedema, and Burdorf (2009) identified four
major issues in effective implementation of
patient-handling devices: (a) employee motiva-
tion, (b) convenience and easy accessibility, (c)
supportive management climate, and (d)
patient-related factors. Other barriers to effec-
tive implementation of patient-handling devices
include lack of mandatory no-manual-lifting
policy (Charney, 2006; Li et al., 2004), provi-
sion of patient-handling devices in selected
units and not the entire nursing facility (Nelson
et al., 2006), inadequate or not readily available
devices (Bell, 1987; Garg et al., 1992; Jensen,
1987; Owen et al., 2002), inadequate training of
nursing personnel on patient-handling devices
(Bell, 1987; Garg et al., 1992; Jensen, 1987;
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Owen et al., 2002), concerns for patient safety
(Collins et al., 2004; Garg et al., 2002; Li et al.,
2004), and longer transfer time with devices
than with manual methods (Bell, 1987; Garg
et al., 1992, Jensen, 1987; Li et al., 2004). The
nursing facilities participating in this study rec-
ognized these and other barriers prior to inter-
ventions and were able to address them,
demonstrating that it is possible to overcome
most or all of these barriers.

Use of walking belt with handles with a pull-
ing technique (instead of lifting) might have
partially addressed the issue of increased trans-
fer time, as the belt required the smallest amount
of time among all devices used in this study.
Garg and Owen (1992) also reported that
the increased transfer time associated with
patient-handling devices was not a problem.
Empowering employees in selection of patient-
handling devices, assessing patient-handling
needs, training, and monitoring compliance
may have contributed to nursing personnel buy-
in and effectiveness of the program. Making
each nursing unit self-sufficient in patient-han-
dling devices provided easy and quick access to
these devices.

Participation of representatives from house-
keeping, dietary, maintenance, and administra-
tion probably created greater safety awareness
throughout the nursing facilities (such as stor-
ing of spare batteries and critical replacement
parts, sling inspections for fraying straps, and
cleaning and mopping of slippery floors). This
participation resulted in timely repair of beds,
patient-handling devices, and other equipment
when they broke down. Postintervention per-
ceived exertion ratings, comments from nursing
personnel, and patient comfort and safety rat-
ings, consistent with other studies (Garg &
Owen, 1992; Owen et al., 2002), indicate that
both nursing personnel and patients had a posi-
tive reaction to the ergonomics program and to
the patient-handling devices.

CONCLUSION

This study demonstrated that the implemen-
tation of patient-handling devices along with a
comprehensive ergonomics program was effec-
tive in reducing patient-handling injuries, lost
workdays, modified-duty days, and workers’

compensation costs in seven nursing facilities.
The impact was greater on lost workdays and
workers’ compensation cost than on number of
injuries. Perceived stresses to low back and
shoulders among nursing personnel were low. A
vast majority of patients found the patient-han-
dling devices comfortable and safe. Future
studies should include an external control group
to better quantify efficacy of patient-handling
devices in injury reduction.
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KEY POINTS

e The use of patient-handling devices within a com-
prehensive ergonomics program reduces patient-
transferring injuries, lost workdays, modified-duty
days, and workers’ compensation costs.

e Nursing personnel rate perceived stresses to
shoulder and low back as “fairly light” when
using patient-transferring devices.

e Patients find patient-transferring devices com-
fortable and safe.

e Increase in transfer time when using patient-
transferring devices is not a barrier to successful
use of these devices.
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