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Manua l fuJl -bQdy v..:rticallif\s of patients have high risk for dt!\'doping musculoskeletal disorders. Two primary types 
of hallcry-powcrcd lift ass;!>! devices an: available for these tasks: floor-h.ll-cd and ovcrhcaJ-mounlcJ devices. Studies 
suggest thaI Iht' operation of fl oor-based devices may require exccssh'c pu.~hing ami pulling (orces and th:lI overhead­
mount ed dl'vices arc sa fer and require lower oper:lling forces. -lids study cvaluat L'd rcquirt!d operating hand forces and 
resulting biomcch:lIlical spinal load ing for overhead-mounted li fts vt!rsus floor-based litis across various floor surfaces 
and patient weight conditions. \Ve did nol examine d iffcrcnc('.~ in how OI'('I'.lIors performed ,he tasks. bUI rat her focused 
on di.fferences in required operating fo rces and esti mated biomecb:micalloads across "Mious exposure condit ions f<?r a 
typical operator. Findings show ' hat th..: floor-based lifts exceeded recoJlllllended exposure limit s for pushing and pull ­
ing for m:my of , he floor/weight conditions and t hat the overh..:ad-Illounh:d lifts d id not. As expected, forces and .~pin:11 

loads were greater for no nlinoleum floor surfaces compared with linoleum floo rs. Bas..:d on these findings, it is suggested 
that overhead-mounted devices be used whenever possible. particularly in instances where carpeted floors would be 
encountered. 

Key wnrcls: Jlnor-based lifts. Ilver/li!lld liflS. IJpemlillg hand fi'fCCS 
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'Ill(: health serviCes sector i .~ one of the largcst emplo)'l!rs in 
the Unit..:d States. :111£1 it continues to grow. Annual incidence 
reporting dala shows that hea lt hcar .. • workers have high rates 
of overexertion injuries that invol\"l: the back. shou lders. and 
neck. 111cse injuries are freque lltly grouped 3S mu:,culoskd­
etal disorders (MS Ds) and are strongly related to job tasks 
requiring forceful exertions. repet itive exert ions. and awk­
ward postures. 1 Women an: often at the highest risk for job­
related back pain because of their large numbers employed 
in the nursing and persona l care facililies. l 

Musculoskeletal syslem diseases (including connective dis­
eases :mel tendonitis) r;lOk third in lOla I costs at S1954 bil­
lion for alit ypes of occ upational injuries and ill nesses based 
on workers' comp..:nsalion records. estimates of lost wages, 
and jury awards. I Patient li ft s :lIld tr.msr,·rs are among the 
most frequently cited ca uses of back injur), among hcalth ­
care profeSSionals. 11H: Ii nandal costs associ ated with the in­
juries. coupled with loss of producth'ity and high employee 
turnover rates. create formidable cost problems within the 
hl!althcare ind ustry toda)'. Within th..: health services sec­
tor, injury and illn..:s!) costs we re S900 milli on for regis­
tered nu rse!). S-IO million fo r licensed pract ical nurses. and 
S2.2 billion fo r aid..:s and orderlies.' Injuries to the back. 
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shoulder. km:e. \\ ris\' ,mel neck werc the most costl )'. Un­
fortunat..:!}'. these Ii~ures ;u e based on 1993 data published. 
in government dat.1 lIets; present day costs arc prcsumabl)' 
much hight·f'. 

The usc- of lIIechan ic.!1 hfting devices for patient handli ng 
in Canada, Europe. and the Unit ed States \0 alleviate :lIld 
prevent lifl - and tra rbfer- rdat..:d MSDs is becoming more 
wrn mon. Sel"eral issues. however, have led to rcsistarl"ce in 
adopt ing th ..: technolog),. includ ing ( I ) purchase and instal ­
lation costs; (2) lime involved in u!)ing the d,'vices; (3) ac­
ceptability of the devices for li se by facilities and personnel: 
and (4) uncertainly of whether or not the devices aCllially 
r..:ducc th..: llIechaniC:II forces involved in lifting and pat ient 
tran sfer.; to acceptable !c\·cls. Additionally. an important is­
sue COllcerl1\ what types of mechanical lifting devices arc 
most appropriate fo r patiel1ltransfers and in whal environ ­
ments the t)'po: of lift is must appropriate. 

[n the past decade. lI tud ics have evaluated the adva ntag­
es and tlisad,,;mtagcs of mechanical lifting assist de\~ces 
(~I LA Os). Y,I !)\i e( :Il ~ l:Onducled a 3-yc:1T intervention stud)· 
using 9 hospital wards organized illlo 3 service area types to 
compare lifting prac tices, litiing techniques . .!nt! lifting de­
"ices. Palil!nt handli ng. tasks were compared between wards 
operatins under kUsual PracticeM (ie, the control ward) and 
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wards implemenUng 2 types of service area interventions: 
(1) "Safe-Lifting" (where a sit-stand lift was used); and (2) 
~No Strenuous Lifts" (where a transfer lift was used and 
manual patient handling was eliminated). The interven­
tion wards received extensive training in back care, patient 
assessment, 'and' handling techniques, whereas the "Usual 
Practice" wards' staff only received training by request: In­
terviews with hospital staff (346 nurses and unit assistants) 
were conducted at baseline. 6 months. and 1 year to deter­
mine the number and type of patient lift's completed. type of 
lift. intensity of physical discomfort. work fatigue. and other 
symptdllls. The "No Strenuous Lifting" intervention effec­
tively reduced the frequency of manual patient handling 
tasks. Both interventions also reduced workers' perceived 
work fatigue, back and shoulder pain, and physiCal discom­
fort symptoms. Musculoskeletal injury rates, however, were 
not significantly changed in the intervention wards. 

In a study to assess the effectiveness of overhead lift devices 
in extended care facilities, Engst et al6 reported that ceil­
ing lifts compared to manual lifting were a preferred and 
effective method for lifting and transferring residents but 
not effective'in reducing the risk of injury or compensation 
costs for repositioning tasks. "Ote use of ceiling lifts was also 
associated with perceived reductions in risk of injury und 
discomfort. 

In a similar study, Miller et aF reported on risk of injury 
in a nei.vly designed, long-term care facility equipped with 
ceiling lifts for each bed comparc:d to a long-term care fa­
cility without ceiling lifts. Each facility had floor lifts, but 
the newly designed unit also had portable ceiling lifts. The 
Engst et al and Miller et al studies used similar question­
naires and prestudy and poststudy designs. Miller et al and 
Engst et al both found Significantly less perceived risk of in­
jury with ceiling lifts compared with floor lifts. Additionally, 
75% of staff preferred ceiling lifts over the other availahle 
transter methods. Injury rates were not significantly differ­
ent between ,the ~ facilities, but there was a 70% decrease in 
compensation costs in the intervention facility compared to 
an increase in the comparison facilit),.6,7 . 

Alamgir et al~ evaluated the effects of ceiling and floor lifts 
on transfer time, patient comfort, and staff perceptions on 
barriers to using patient transfer devices. Three long-term 
care facilities were selected based on their ceiling/lift floor 
coverage rates (facility one, 100% lift coverage; facility two. 
33% lift coverage; and facility three, no lift coverage). Re­
sults from a survey of 143 volunteers across the 3 facilities 
indicated that the time required for bed-to-chair transfers 
was shorter for ceiling lifts than floor lifts. Ceiling lifts were 
also found to be more comfortable for the patients. For both 
transfer and repositioning tasks, staff preferred ceiling lifts. 
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which they perceived as less physically demanding. 

Several research studies have used biomechanical evalu­
ations of various assistive lifting devices (eg, basket-sling 
and overhead) to measure the loads and forces involved in 
patient handling activities. Zhuang et al9 conducted a bio­
mechanical evaluation of 9 battery-powered lifts. a sliding 
board. and a walking belt to a manual method for transfer­
ring nursing home patients from a bed to a chair. Results 
showed that average back compressive forces during the 
activities of patient lifting. rolling. and rotating when using 
a floor-based basket-siing lifts or an overhead lift weri! less 
than those forces using manual lifting methods and under 
the National Institute for Occupational Safety .1Ild Health 
(NIOSH) recommended disc compression force (DCF) 
criterion limit (3400 N). Use of manual methods produced 
forces that frequently exceeded the NIOSH DCF criterion. 
Approximately two-thirds of the physical exposure forces 
were removed by using the basket-sling and overhead lifts. 

In a biomechanical analysis of spinal loads during simu­
lated patient-handling activities, Daynard et al lll reported 
somewhat conflicting results suggesting that while the use 
of assistive devices (eg. mechanical lifts) reduced peak spi­
nal loads below the NIOSH recommended criterion limits, 
the variation in techniques used and the increased time in­
volved using mechanical devices resulted in increases in cu­
mulative spinal loading. . 

Keir and MacDonell' 1 evaluated muscle activity patterns in 
manual and lift-assisted patient transfers of experienced and 
inexperienced patient handlers. Surface EMG was use~ to 
record muscle activity when bed-to-wheelchair and wheel­
chair-to-bed patient handling tasks were performed. Very 
little differences were noted in EMG measurements in the 
2 transfer tasks, but muscle activity was lowest using the 
ceiling lift. increasing with use of the floor lift and highest 
for the manual lift. Similar to the Daynard et apo findings, 
cumulative lumbar compression was lowest for the manual 
lifts hecause of the shorter transfer times. 

Santaguida et aJ12 measured the cumulative spinal loading 
patterns in a bed-to-chair transfer task with 5 mechani­
cal lifting devices (MLD). The devices included overheaq 
and floor types. Use of the overhead lifts resulted in lower 
cumulative spinal loads than the floor devices during the 
transport phases in the bed· to-wheelchair transfer task. The 
nurse volunteers also rated the overhead devices as the most 
preferred. 

Two recent articles have focused more on the biomechani­
cal differences between ceiling-based patient transfer de­
vices and floor-based devices. Marras et aI" investigated the 
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forces on the lumbar spine in 10 volunteers performing vari­
ous patient handling tasks using both a ceiling-based system 
and a floor-based system. The experimental situation also 
evaluated floor conditions (hard surface vs. carpet). wheel 
configuration in the floor-hased systems and patient weights 
(using 125, 160. and 360 Ib mannequins). Results showed 
t'hat the ceiling-based system produced significantly lower 
spine loads for the patient handling activities investigated 
compared with the floor-based system. Both ceiling-based 
and floor-based systems provided significant benefits over 
the 1 or 2 caregivc;r manual techniques, but the floor-based 
systems resulted in shear forces of sufficient magnitude that 
they could lead to possible disc damage and increased risk 
of back disorders. \:Vhile patient weight had a nominal ef­
fect on spinal loads with the ceiling-based system. there 
were significant eftects with the floor-based system. espe­
cially during the controlled turns in a restricted space (ie, 
simulated bathroom). Also. with floor-based systems. floor 
surface type and wheel type had a Significant effect on low 
back spinal loading. 

In a similar study. Rice et al H evaluated differences in hand 
(orces between ceiling-based and floor-based models in 
patient transfer activities. Two floor-based systems and 
one overhead system were evaluated on pushing. pulling. 
and rotating a patient while in the devices. Floor type was 
constant with vinyl tile over concrete. Results showed that 
the hand forces required for the floor-based lifts were ap­
proximately 10 times more than the force required by an 
overhead-mounted lift. Based on a comparison between the 
measured hand forces and Liberty Mutual psychophysical 
tables of acceptable forces,15 all of the tasks examined were 
within acceptable psychophYSical recommendations for ini­
tial push or pull forces for 90% of the female population. The 
authors suggested that rough surfaces and carpeting. how­
ever. could present problems that might exceed acceptable 
psychophysical pushing and pulling limits for many health­
care personnel. , 

Thc purpose of the current study was to expand upon the 
findings of Rice et a]l1 by examining the effects of additional 
Weight categories across 3 different lloor types (linoleum, in­
door/outdoor carpet, and pile carpet). In lieu of voluntcers, 
sandbags were used to simulate patients of varying weight. 
A single subject design was chosen for this study similar to 
the designs used in the Lloyd et aI''' and Rice et aI" studies. 
Single subject study designs allow simple comparisons be­
tween equipment being tested without risk of introducing 
betweeh subjects variability. While they provide an estimate 
of within-subject variability, they do not provide an estimate 
of between subjects variability, which may limit interpreta­
tions to the general population of patient handlers. 
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Participants: A single female operator (height: 160.02 cm; 
weight: 115.7 kg) performed all the simulated patient han­
dling tasks for this study (See Figures 1-5). Four patient 
weights were simulated using combinations of sandbags 
weighing 25 (11.34 kg) and 50 (22.67 kg) lb. The 4 patient 
weights simulated included the following categories: 125lb 
(56.70 kg); 175 lb (79.38 kg); 225 lb (102.06 kg); and 350 lb 
(158.76 kg). These weight categories correspond to approxi­
mate values f(lr 5th percentile female weight, 50th percentile 
for a SO/50 male/female mix, 95th percentile male weight, 
and a weight representative of an obese popUlation, respec­
tively.17 

Apparatus: Two powered overhead-mounted devices and 
2 powered fluor-based devices were used in the study. The 
overhead-mounted devices were the following models: (1) 
Liko' Freestanding Overhead lift using the Multirall '200 
and Universal Slingbar 450; and (2) Surehands· -2000 Series 
Overhead Lift. The floor-based lifts were the follOWing mod­
els: (1) Liko' Viking M with the Viking Armrest and Uni­
versal 450 Slingbar; .\Od. (2) Surehands· 5002 Mobile Lift 
System with the Standard spreader bar. TIle I.iko· Original 
Highback Sling XL was used for evaluation of all lifting de­
vices. 

Three floor conditions were tested in the study. These in­
cluded the follOWing conditions: (1) linoleum floor tile 
mounted on plywood; (2) indoor/outdoor carpet with stan­
dard backing, total thickness 0.36 in (9.14 mm), mounted 
on plywood; and (3) pi"le carpet over self-adhesive foam car­
pet pad, 7/16 in (l.l cm) thick, mounted on plywood. 

Horizontal push/pull forces at the hands were measured with 
2 uniaxial tension/compression load cells mounted between 
each of the 2 handles on each transfer device. The load cells 
were Transducer Techniques (Temecula, CA) model MLP-
150 (ISO Ib capacity). The load cells were oriented in line 
with the axis of the forearm (eg, in the sagittal plane), except 
for the rotate trials on the floor models where the handles 
were mounted 90-degrees from the sagittal plane. 1 he forces 
recorded were either a push with both hands. a pull with 
both hands. a rotation consisting of a push with one hand 
and pull with the other (rotate condition with overhead de­
vices), dr a rotation using lateral forces in the same direc­
tion (eg, rotate task with floor devices). Push forces were 
recorded as positive values and pull forces were recorded as 
negative values. I~or the rotate conditions, the absolute value 
of the two hand forces were added together to obtain an 
overall force value. Analog voltage outputs of the load cells 
were sampled digitally with a 12-bit PCMCIA analog/digi­
tal card (ComputerBoard, Inc.; Norton, MA). Data acquisi-
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Figu n.' I: Pu,h (a,k wit h floor-ha ... ed dc\'jcc p"C-" 

Figure 1: Pull (ask with (loor-based device 

Figure 3: Pull ta!ok with U\'crhead device 

-

tion software was developed in LabVIEW (National ]nst ru ­
me llIS, Austin, T X) and included it prcsession calibration 
of the load cdls. The load cells were calibrated in pounds 
by hanging known calibration weights from the handle and 
1l1o.:asllrcmentlrial data were recurded as pounds force (Ihf). 
Data 'I'ert' s:lnlplcd at 100 Hz and low pass fi ltered (5 Hz CUI 

ofil prior 10 c:lkuhllion of hand pll.~h/pulI/rolale (on.:e SUIll-

I 22 

I·igure ·1: not.ltc task with o\'erhead device 

!-igurc 5: n(ltOltc task with floor-hased device 

J~ , 

mary measures. 

Procedure: 'lht' test procedure had 8 treatment combina­
tions (four devices and four floor Iypes), four Weigh ts, and 
th ree handli ng tasks (pmh, pull , rOlate). '!lIe overhead de­
vices were onl}' tested Oil the hard surface (linoleum) !Ioor 
tr pe. Due It) )pace restrictions, the similar models (floor­
h.l ~eJ or o\·crhe,IJ·bascd) of the 2 1i(ling de"icc brands were 
tested on the same noor type as a pair on successive trials, 
Each devj(e was tesled in 12 experimental conditions; 3 pa­
lienl handling lasks (push, pull . rotate). and 4 weight lev­
els, wilh 3 replications, }'ielding a tOlal of 36 data collection 
trials (or each device. Except for the floor model rOlation 
tri als, the trial order was randomized (handling !:15k -a nd 
weight). 11,,;, tloor Illodd rotation trials were tested s.:pa­
rately because the load cells had to be repositioned (rolated 
90-dcgrces from the sagitl;11 plane into the (ronlal plane) to 
be in line wilh thc opcralor's lalerally applied force. In these 
rot,ltion trials, trial ordcr followed an ascending/descending 
by weight sche me for th e 3 replications. 

Prior 10 c;Kh cx pcrimental condition, the proper numbers 
o( sandb,lgs were placed in the patient sling and the device 
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was pu~itiune:J (01' ze:ro ulTscts. The: posi tioning o( the: load 
cdl ~ was 41.5 in ( 105.4 em) 3hO\'c the floor surface for all de­
vices. TIle wheels (floor models), in each trial, wcre ;lligned 
in the: di rection of motion (ie, di rection of applied force); 
thus, for the push and pull trials, the wheels were in line: 
with the operator's saginal plane. and for the floor-based de­
vice rotate trials. the wheels were in line with the oper.ltor's 
frontal plane. -111e operator placed hcr hands on the handles 
of the devie(' to begin the trial. Each tria l required the opt.·ra­
tor to start frolll a stationa ry position and 1Il0\'C thedevke 2 
feet for the push and pull tasks and one ·quarter turn for the 
ceil ing-maumee! modd rotation trials and aile- eighth turn 
for the floor modd s. Trials lasted 5 seconds. Bas('d on our 
experiem:c, it is Hkcl)' that peak furces occur at the puint 
when thL' de\'ice first hegins 10 mo\'e, 50 longer mo\'cltlents 
ur larger rotations might result in higher peak forces, but 
thi s was not evaluated in the prcsent study. Each rotation 
trial was performed in ;1 clockwise direction. At the end of 
fi rs t trial. the device W<lS repositiont'J and the Jata coll t'c­
tion procedure repeated 2 more times, for 3 replications 
at each experiment:ll condition. Testing took place over a 
2- mont h period. Figures 1-5 show examples of a trial for 
various dt' \·ices ,mel tasks. 

T"11i1 I 

Simuirlliotl IJroadures; All trials were vidcotaped for si mu ­
I.ltion ofpo:.ture and entry of postural parameter!> into the 
Univc rsit )' ut" t\lichigan 30 Static Strength Prediction Pro · 
gram (30SS!'!'). I:orly-eight recordi ngs, representati ve of 
onc trial of e.!eh device. weight. and task direction wcre: re­
\' iewed to locate the time frame when th e lift operator began 
moving the lift device, which would isolate the body posture 
when hand forces and exertion were assu med to be at maxi­
lIlal lc\·d s. -Ih e: hu man simulation approach for obtai ning 
body posture!> described by \\';lters ct aJl ~ and Lu et a)l ~ IV;IS 

used \\'lth the lIlt.'asured hand rorce data to esti m"te the: spi­
nal fo rces u ~;ng the 30SSPP model (wrsion 6.0.'1). 'Il,e cor· 
responding all;llyscs produced several ou tcome llle:tMlres, 
which :IfC rcportl.'d i ll the Results section. 

RI ~lI l I '" 

Hand l.o,lll l'urLe<,; 

To simplify the data analysis, it w<\s decidcd to combine the 
device and floor ~urface fac tors and analyze the data sepa · 
rately for the push, pull. and rotate trials using a -1 X 'I model 
(de\' icelfloor type x patient \\'eight). The individual equip-

M I AN PrAK fORCE, KG). 5TA1'.'I)I\I' [) 01 VIAflON'S HY DrvIC[ f lOOR Tyl'[' 
D I RICIIO" TA ... " ,\N{) PAIl! N I \V lG 11'I 

Patient Li ft i ~l g Floor Surface Task Weight 
Device 125 [0 175 [0 225 [0 350 [0 

Mea n (SO) Mean (5D) Mean (SD ) Mean (51) 

Overhead Linoleum Pull 5.4 (004 ) 6.3 (0.2) 7.5 (0.4) 9.2( 1.1 ) 

Push 5.1 (0.6) 604 (0.9) . 6.5 (0.7) 9.1 (0.8) 

Rotate 1.9 (0.2) 2.8 (0.3) 3.8 (0.6) 5.4 ( 1.1) 

Floor Linoleum Pull 7.8 (0.8) 8.9 (1.5) 11.1 (0.4) 12.6(1.1) 

Push 8.0 (0.6) 11.0 ( 1.2) 11 .4( 1.0) 16. 1 (1.3) 

Rotate 3.1 (0.2) 3.8 (0.4) 4.5 (0.6) 5.7 (0.7) 

Floor Ind.-Out Pull 15.1 (1.1) 17.5 (0.7) 20.6 (0.8) 23. 1 (0.3) 

Push 17.0 ( 1.1) 20.0 (0.6) 22.4 (2.7) 27.8 ( 1.4) 

Rotate 7.0 (0.6) 8.5 (0.6) 9. 1 (0.4) 11 .7 (0.9) 

Floor C II-pe! Pull 20.4 (1.0) 23.2 ( 1.1 ) 26.5 (0.6) 3 1.3 (2.5) 

Push 19. 1 (1.4) 23.8 (0.6) 26.1 (2. 1) 29.0 (1.3) 

Rotate 11.2 (0.2) 12.'1 (0.3) 13.5 (0.4) 15.6 (0.9) 
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Figure 6: Required hand forces (kg) for pull task hy 
device/floor type and patient weight 
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Figure 7: Required hand forces (kg) for push task by 
de\'ice/t1oor tJpc and patient weight 
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Figure 8: Required hand forces (kg) for mtale task by 
dc\'ice/llooF type and patient weight 
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ment manufacturers could be averaged by devicelfloor type 
because the mean hand force difference over all trials was 
less than 1.5 Ibf for the overhead devices and less than I Ibf 
for the floor .devices. 

The measurement of load force (lbf) for each trial was de­
termined by takirig the sum of the peak forces for the left 
and right hands. A linear model was us!!d to test for the ef-

12·1 

fects of deVice/floor type and patient weight and the device/ 
floor type x patient weight interaction on summed mean 
peak hand forces. Fisher's Least Significant Difference (LSD) 
was used to test for th~ multiple comparisons. The analysis 
program SAS" (Version 9.2, SAS Institute, Inc., Cary, North 
Carolina) was used for all calculations. 

Table 1 presents the mean peak hand forces (kg) and stan­
dard deviations by device, floor type, task. and patient 
weight. Figures 6-8 graphically present the data from Ta­
ble 1. As can be seen in Figures 6-8. the hand load forces 
required to perform a push, pull. or rotate task were sig~ 
nificantly greater for floor-based devices compared to the 
overhead devices. Also. the required hand forces increased 
Significantly as the floor conditions varied from linoleum 
to indoor/outdoor carpet and finally to pile carpet. and the 
hand load forces increased as the patient weight increased 
from 125 to 350 lb. Examination of the interaction between 
floor COilllitioll and patient weight shown in Figures 6-8 re­
veal that as the patient weight increased, the reqUired han~ 
force for the pushing, .pulling, and rotating tasks increased 
at a greater rate as the floor condition changed from -ideal 
(overhead) to less ideal (carpet). However. the rate of change 
in required hand force. as a function of increasing patient 
weight. was similar between the overhead and f1oor-b~sed 
lifts on linoleum. 

Table 2 presents the Analysis of Variance (ANOVA) results 
for the analYSis of the push. pull, and rotate tasks. As can be 
seen in Table 2. the main effects of all the independent vari­
ables were statistically Significant for the outcome hand load 
force (lbf). The 2-factor interaction between deVice/floor 
type and patient weight was significant for the pull and push 
tasks. but not for the rotate task (F(9.m = 1.8. P = 0.1074). 
This indicates that the main effects, not the interaction ef­
fect. are responsible for the changes in load forces for the 
rotate task. "Iherefore. only the multiple comparisons for the 
push/pull tasks were examined. Most of the compar~sons 
(240 out of 264) were significant. 

BiolllCchani(al ~1()delil1g: 

To estimate spinal loading, a single trial per combination 
(device type, flooring. task direction. patient weight) was 
simulated and modeled biomechanically using the Univer­
sity of Michigan 3DSSPP. Thus. calculation of standard devi­
ations on the biomechanical results was not possible. From 
the many outcome measurements available from the bio­
mechanical model generated by 3DSSPP, 6 variables related 
to spinal loading were selected for analysis: (I) L5/S1 mo­
ments about the x-axis; (2) L5/S1 moments about the z-axis; 
(3) L5/~1 total moments; (4) L4/L5 disc compression; (5) 
L4/L5 anterior-posterior (AP) shear; and (6) L4/LS lateral 
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TAIIU 1 

ANAIY'I" OF \'ARIANCF or ,\H,\N PI .\l\ FORCI ~ IIIH SHOWING MAIN 
II rlCTS ·\NO 2-FACTOR INTERACnON\ H'R I'H I ill/\Il Pul l .'\I\:D ROTAlE TA~K'I 

Pull Task 

Device · Floor Type 

Patient Weight 

Device · Floor Type x Pat ient Weigbt 

Push Task 

De,'icc • Floor Type 

Patient Weight 

Device · Floor Type x Patient Weighl 

Rotate Task 

Device · Floor Type 

Patient Weight 

Device · Floor Type x Pat icnI Weight 

shear. ReSUltll frolll thf.! biolllcchanical assessment arc show n 
in Tabk' 3 and graphically in Figures 9'- 1-1. Examining the 
re.<;u l t ~ for the moment IllC:lSllrcment.~ rcflcc t.~ the general 
Irends repurted for the 10;ld force s: that is, as patient weight 
increases, the measun.!S of 1.5/51 x-moment, z-mOlllent and 
tot:ll momen ts also increase (Table 3). It shou ld be noted 
that these inc reases could result rrom the increased hand 
forces or to changes in bod y postures. When patient weights 
are combined and the results arc com pared by floo r ~lL rface, 
the 1lI0ment measures are the highest for the carpet tloor 
surface, followed by the indoor/out, linoleum, and overhead 
(J;igures 12· 1'1). Figures 12· 1·1 also shows that for total mo­
nH'nts and moments about the x-axis, the pull task gener.lles 
the greatest forces, but (or the rOlate task, the greatest mo­
mcnt I.) ,tbolLt thc .i-axis for tlte floor·based dcviccll. 

'!"he results in Table -' re \'eallhat nOlll' of Ihl.' peak cOl11pn:s­
"ion forCeS for any of the la:.ks cvaluate~.1 exceeded the 3·100 
N NIOSH recommended exposure limit for spine compres­
sion loading.!l1 ~ 1111:' highest overall peak compression for.::1.' 
or233·i.3 N occurred during the pull task on carpet for the 
heaviest patient weigh!. The hea\liest pati ent \veighl also cre­
ated a high compression fo rce ( 1437 N) for the I'ota\e task 
on carpel. Overall, the push task generally created the lowesl 
L'lfLS di llC compression forces of the 3 lask types, rega rd­
less of the patien t weight level. Results in Table 3 also show 

\'012, No" 

.If F Value p > F 

3.32 785.8 0.0001 

3.32 100.1 0.0001 

9.32 5.51 0.000 1 

3.32 533.28 0.000 1 

3.32 83.0 0.000 1 

9.32 3.40 0.0001 

3,32 834. 1 0.0001 

3.32 106.5 0.0001 

9.32 1.8 0.1074 

that the peak AP shear force for an)' of the condi tions did 
not exceed the :.ugg\.·sIed shear fo r..:e exposure limit of be·. 
tWt'ell 500 and 1000 N.~.l4p9lo) Overall, across all conditions, 
the highest esti mated AP shea r forces occurred for the pull 
task (range 169.0 N to ·101.2 N), followed by the rotate task 
on ca rpet ( 13t\ .0 N to \65.0 N), with the lowest Ai' forccs oc' 
curri ng with the pushing task (·88 .6 N to 9\.0 N). As wQu ld 
be expected, the highest peak lateral shea r force occurred 
with the rotill e task lor the heaviest patie nt weight (120.3 N) 
ami the lowest occ urred with the pushing task (0. 1 N). The 
highest lateral .!> hea r ior..:es for the rolate task occurred on 
c,lrpct, and th e lowest later.d shear force occurred wi th the 
overhead (k\' i..:f.!. 

An IIItere,ting and unexpected finding is that the AP shear 
ior(e for the wtatc task \\';,\s simil:lr for all ta~k cond itions, 
reJ:lMdless 01 the task type, floor t)'pe, or magnitude of pa­
l1enl weigh t. 'l1 us 111,1)' he due to limitations of the 30SSPP 
biomcchani<.:,llmodd used in the ~ ttld}'-

"he hand fo l'(cS fl'q uired to perform a push, pull, or rotate 
task led tu the following findings: (\) Hand forces wercsig­
nificantly greater for lIoor-based de\'ices compared to o\'.::r­
head ccil ing-Illounted deviccs. (2) Hand forces increased 



JDSsr!' MODI I SIMll l AI1ON\ 

Variable l :,sk Carpel Indoor/Oul LinoleulTl O\'crhcad- LinoJeum 

12sJb lis lb 2251b 3501b 12slb 1751b 2251b 350 lb 1251h 17SIb 2251b 3S0lb 1251h 175tb 22S1b 3501b 
cal. cat. cat. CU I. cat. ,Cil t . cat. cal. cat. cal. cal. cat. cat. cal. "". cat. 

GIS " Pull -54.6 - 119.6 -12-1.0 -138.5 ·51.1 -51.3 -56.6 ·66.0 ·39.-1 -42.9 . -53.6 -59.3 -24.0 -45.7 --1 8.6 ·50.0' 
x-m oment 

(N m) Push -6.0 V I - 17.6 -27.5 -7.9 9.2 - 14.1 -19.2 ·20.3 -27. 1 -2S.3 -28.8 -36.2 -26.0 -32.3 -36.0 

Rotate -2 1.8 -32. 1 -3 1.7 -32. 1 -29. 1 -30.2 -27.6 -36.6 -27.5 ·26.7 -30.0 -27.5 -24.6 -24.7 -27.6 -27. 1 

L5/51 Pull -0.3 -0.9 -2.7 -4.6 0.6 1.8 ·2.5 . 1.1 1.2 1.5 . 1.1 1.2 0. 1 0.5 -0.0 · 1.0 
l.- lIlolllcnl· 

(N m ) Push 3.R 1.5 -3.0 -2. 1 1.5 - 1.0 0. 1 3.3 0.3 -0,7 - 1.6 1.1 - 1.2 -0. 1 -O.S 1.5 

[~ol al c -42..1 -60. 1 -62.2 -60.4 -30.1 -37.7 -37.5 -54.7 -12,.1 -16.3 - 18.2 -24.2 2.8 4.0 5.'1 8.2 

LS/5 1 Pull 54.6 119.6 124.1 138.6 51.1 51.'1 56.7 66 39.5 <13.0 53.6 59.3 24.0 45.7 48.6 50.0 
lolal· 
moment Push 7.5 2.9 18.0 27.7 8.1 9.3 14.1 19.1 20.3 27.1 25,4 28.9 36.3 26.0 32.3 35.9 
(Nm) 

Rota te 48.1 6H.1 70.0 68.5 -12.5 49.4 46.8 65.9 30.4 31.3 35. 1 36.8 25.0 25.0 28. 1 29.5 

L4/LS disc Pull 929.4 1952.2 2083.9 2334.3 9'11.0 958.0 995.4 111 1.2 85 1.8 905.7 1054.6 1131.6 578.0 95 1.0 975.7 996.4 - compress 
(N) Push 515.5 406.6 79 1.7 996.0 506.7 538.0 666.2 856.9 643.4 80].5 784.6 910.8 904.0 734. 1 85 1.6 951.8 

Rotate 1010.5 1331.5 1390.0 1437. 1 1051.8 1075.5 1069.0 1400.4 84 1.0 846. 1 929.7 976.7 757.0 773.0 8·15.0 881.0 

L4/L5 AP Pull 303.6 332.6 352.2 401.2 26 1.6 264.0 317.7 318.8 185.8 196.4 224.2 244.4 169.0 189.3 197.46 211.1 
shear (N) 

Push -2004 -74.7 ·63.8 ·88.6 4.7 ·2.3 ·45.6 -7 1.3 71.0 ·16.3 :; 1.7 -0.1 91.0 80.7 79.0 72.9 

Rotate 144.2 150.0 152.3 160.0 144. 1 144.0 144.8 155.0 142.3 140. 1 143. 1 144.4 138.0 147.0 156.0 165.0 

L4/L5 Pull 3.8 11.3 12. 1 1'1.0 1.7 4.9 5.3 6.0 3.9 " 5.3 5.< -0.5 4.1 1.1 1 , .• 
latcral 

'" shca r Push ·5,4 · 1.6 IJA 19.8 0.4 0.1 -0. 2 2.3 0.4 6.7 2.8 3.' 20.'1 2.'1 12.5 -0..1 
(N) 

Rotate 154.4 183.5 199.3 220.3 102.0 122.0 128.'1 173.2 44.2 56.8 64.0 83.3 -13.2 ,.5 '.5 ·17.8 

Note: Moments :Ire reportt'<i in newton meters (N Ill) and comrression and shear arc reported in newtons (N). 



Figure 9: JAil5 Compression force by-task and floor 

condition 
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Hgurc 10: L4/LS Anterior posterior (AP) shear force by 
task and floor condition 
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Figure 11: U/L5 Lateral shear force by task and floor 

condition 
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significantly as the weight of the patient increased. (3) Hand 
forces increased significantly as the floor condition changed 
from linoleum to carpeted surfaces. These results are in gen­
eral agreem~nt with previous research on lifting devices. 
Also, the hand force results showed that there was an inter­
action hetween flooring condition and patient weight for the 
indoor/outdoor and pile carpet conditions. 

To evaluate the consistency of our results with respect to 
pre\'i0l!sly published data on the effects of patient handling 
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Figure 12: ISIS 1 Total moment by task and tloor 

condit ion 
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Figure 13: L5/S I J\loment about x-axis by task and floor 
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Figure H: L1/S 1 :\Ioment about l-axis by task and floor 

condition 
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devices on pushing, pulling, and rotating tasks, the pres­
ent results were compared with those from Rice et aliI for 
pushing, pulling, and rotating patient lifting devices on li­
nuleum. 'Ihese comparisons are presented in Table 4. lhe 
patient weights used in the present study (ie, 125 Ib/57 kg, 
175 Jb/80 kg, 2251b/l 02 kg, and 350 Ib/ 159 kg) were similar 
to the average weights used in the Rice study (56 kg, 75 kg, 
98 kg; and 143 kg), As can be seen in Table 4, the required 
hand force values reported in the present study are similar: 
lu thuse reported by Rice et al. The correlation coefficients 



between the .2 :.tudies were high (between 0.95 and 0.98) 
across til{' various task com\itions. 11 

A compari:.on of the dift"crcnct·s in the magnitude of the 
hand forces for the rotation task for thdloor·hascd lift con­
dition s bl!lween the presen l study and the Rice et al sludy 
shows thatlhc required hand forces for the Rice el :II study 
w(·re higher than in the present sludy. This inlersludy differ­
ence is likely due to dissimila ri tit·s in ho\\' Ihe rotation task 
was performed in the 2 studies. In the Rice et al study. the 
operator sim ply rotatcd the device about Ihe ccnter of the 
hands wilh 2 opposing forces in the sagittal plane. In the 
present study, however, the operator actually performed a 
laleral mo\'Cment of the device with the 2 hand forces par­
allel to her frontal plane. 111is dillcrence led 10 the forces 
for lateral movement being higher in the current study re­
garding pur..: rotation 111m·ement for the ceiling devices and 
lower for the floor-hased resul ts as cllmpared to findings in 
the Ricect al study.l,! 

It is likely Ihat the required forces fo r the rotate task in the 
present study were less than in the Rice el al sludy because 
the lah:ral mO\·emC11t in the present ittmly required mo\'c­
ment of only 3 of the 4 wheels, whereas the technique used 
in the Rke e l al study required mon:ment of all 4 wheels. 
These findings would b.: expected, since thc rolling resis­
tance of 4 wheels would be greater than the rolling resis­
tance of 3 wheels. Additionally. when the rotation task is 
performed laterall), compared to a pure arm-based rotation, 

the legs can be used to generate higher loads of force due 
10 th e add ed inert ia of the body. A Iradc -off fac tor to COIl ­

sider, however, is thaI the lateral shear force will likel)' be 
signifiGml l), higher for 3 lateral I1Im'Clllent compared to a 

IAtlll 4 

pure rotation task using the arms. It is worth noting here 
that thc slud), b)' ~ I arras et aPl allowed the lift operators to 
appl)' their hand forces in all)' direction they preferred dur­
ing the rolate ta itk, which is different from l'ilher the present 
study or the Rice ct at study. Again, this third approach 10 
rotat ioll resulted in d i,ffcrenl conclusions for the forces re-' 
qui red for rotation than either the present study o r the Rice 
etalstud)',1 1 

As an additional evaluat ion of lhe potential risk of back inju­
ry due to pushing, pu lling, and rot(lting the patient handling 
rJevices, the force values obtained in Ihis study (converted 
from Ibf to l..ilogrJ.1ll force (kgfJ) were compared to Snook 
and Ciriello's!' ma.ximum accept:lble forces for males and 
femalcs for silllilar task conditions (l11e Snook and C iriello 
ma ximulll accept,Lbl e forces for pu shing and pulling for task 
frequency of one push/ pull ever)' 2 minutes or o ne per 30 
minutes arc Ii sterJ in Ihe first 3 rows onable 5.). The results 
of thc comparison arc shown in Table 5. Both the 75% and 
90 .... h k\'\.'ls for .u:ccptable forces arc reported 10 ind ic:lIe the 
acceptability le\·ds (or bo th males and females, 'I he /loor 
to hand dist,lIlCc in the present stud), was 105.4 em, itO th~ 
ne.lresl \'aJul'it in the Sllook tables were 95 em for males and 
89 cm for females. As can be seen in Table 5. areas o-r po­
tenti;ll risk are marked as unacceptable using the letter U, 
From this comparison, the resuits showed that the required 
hand forces for many of the pushing and pulling tasks in. the 
present study exceed what 75% and 90% of females report as 
acceptable from a psrchophysical standpoint. In fact, most 
of Ihe pushing and pu lling tasks on indoor/outdoor or pile 
carpeting exceed the 75% level of female acceptabili ty fo r 
patient \\'cights o( 225 Ib and above. and some exceeded the 
75''0 level for patient weights as low as 175 lb. For males, 

COMI'ARhON or MEAN (I HI 1 I IAND FORCI' V,I"UJ("i AND LORRllATION CO[l H Cl l N 1 ~ HrTW-
N PRFl)fNT SH' ! 1'1 INn RIO IT \l 1\', PAIl! ". i WtlliHT CATfGORIF"i 

Patient Task Patient Weight Cntegor 
Lifting Presen t Ri ce Present Rice Present Rice Present Rice Correlation 
Dc.vice Low Low Aver"ge Average High High ' Obese Obese Coemcient 

125 1b 123 1b 175 1b 165 1b 225 1b 215 1b 350 lb 3141b 

Overhead Pull 5.4 4.5 6.3 5. 1 7.5 5. 1 9.2 6.2 0.95 

Push 5. 1 4.7 6.4 5.5 6.5 6.4 9. 1 9.3 0.98 

Rotate 1.9 O..I 2.8 0.5 3.8 0.6 5.4 0.8 0.99 

Floor Pull 7.8 10.3 8.9 11.6 11.1 13.0 12.6 17.3 0.95 

Push 8.0 9.7 11.0 10.8 11.4 13.4 16.1 15.8 0.94 

Hot,,(e 3.1 5.3 3.8 6.0 4.5 5.9 5.7 7.42 0.95 
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ACCEPTA I\! I PUSH ' PUll FO RO" FOR M A l r .... AND FE.\.,\r\1 IS 

Male-Push Forces ' Fem ale-Push Forces Male- Pull Forces Female-Pu ll Forces 

Pe rcent J 75 75 90 90 75 75 90 90 75 75 90 90 75 75 90 90 

.Frequ..:ncy' 2 30 2 30 2 30 2 30 2 30 2 30 2 30 2 30 

Kgf- " 36 26 2. 22 25 IS 21 31 33 25 27 22 26 19 22 
Threshold 

Iland IllInti 
Forc<.t For.:c t 

11· 
Linoleum 

1251b 5.1 A' A A A A A A A 5.4 A A A A A ,\ A A 

175 1b 6.4 A A A A A A A A 6.3 A A A A A ,\ A A 

225 1b 6.5 A A A A A A A A 7.5 A A A A A A A A 

350 lb 9. 1 A A A A A A A A 9.2 A A A A A A A A 

Fl. -
Linoleum 

125 1b 8.0 A A ,\ ,\ A A A A 7.' A A A A A A A A 

1751b 11.0 A A A ,\ A A A A 8.' A A A A A A A A 

225 1h II..! A A A A A A A A 11.1 A A A A A A A A 

3501b 16. 1 A A A A A A A A 12.6 A A A A A A A A 

Fl.-
Ind -O u l 

1251b 17.0 A A ,\ ,\ A A A A 15. 1 A A A A A A A A 

175 1b 20.0 A A A A A A U' A 175 A A A A A A A A 

225 1b 22.4 A A A ,\ U A U U 20.6 A A A A ,\ A U A 

350lb 27.8 A A A A U U U U 2_l l A A A A U A U U 

R -
Cllrpd 

125 1h 19.1 A A A A A ,\ U A 20..1 A A A ,\ A A U A 

175 1h 23.8 A A A ,\ U A U U 23.2 A A A A U A U U 

2251b 26.1 A A U A U U U U 26.5 A A U A U U U U 

350 lb 29.0 A A U U U U U U 31.3 U U U U U U U U 

Notl~: I ' Ihreshold V:I.! UI.'$ arc adapted (mill :-;nnuk alld Ciriell fl,l' Tables 6, 7. fI, 9, Ergonomics, ) -\ (9), '1197·121). 2 - 75th and 90th percent \';Ilues 
were chuscn u\ ml) the verhcal d,stance fmm fl oor to hands of 95 cm for maleJ and 119 (III fur females fllr a hori70ntal uistance of 1.3 lIU:t ~'r$. '1 hese 
fOl"Cl""S fCllfC$Cnt initial forces. not s us (ain~d forcc). _\ - I push or Ilull c\"Cry 2 minutes or 1 nery 30 miuutes. -I - ,\Ican hand force in kg lo r (ornparison 
10 Ihl.' Snook lables. 5 . A • acceptable forc ... ., {mm Table I. U .. utlacceptablc foret'S from Table I thdt cx(ccd maximum accc)J tabk rorCl~s ror the per-
cenlal\e of the popUlation. AI 90%, the forces requ;rl'tl fur a push/pull show a rbk b posSlbt.· fur 10"" of lhe indu~lr ;al population. 
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only some tasks were unacceptable on the carpet surface at 
higher patient weight levels. Overall. the results of the cur­
rent study show that floor-based lifting devices require high 
magnitudes of hand forces to operate on any type of carpet­
ed surface and likely are unacceptable for many personnel. 
This finding is important because it is likely that many home 
health care environments would include at least partial car­
peting. Also. there have been anecdotal reports oflong-term 
care institutions considering switching to carpeted surfaces 
recently noted by the authors (reports from attendees at the 
20 I 0 Sale Patient Handling Conference. Orlando. Florida). 
This change in floor type might help mitigate slips and falls. 
but Ooor-based lifting devices would not be the best op­
tion for caregivers in carpeted environments. and ceiling­
mounted devices would be highly recommended. 

From a biomechanical perspective. spinal loading has been 
used to assess risk of work-related low back disorders in nu­
merous studies of manual handling. It is believed that when 
internally developed spinal loads exceed the tissue tolerance 
levels of the spinal disc. the disc may be irreversibly dam­
aged and result in severe low back pain or disability. These 
limiting values for spinal disc loading have been reported 
to be approximately 3400 N (770 Ib) of disc compression 
force (DCF)!' and somewhere between 500 N (110 Ib) and 
1000 N (225 Ib) of disc shear force (DSF) loading. More­
over. it has also been suggested that the spinal tissue toler­
ance levels inay' decrease as a result of repetitive loading, 
such as when tasks are performed frequently. Although the 
spinal loads estimated from the pushing. pulling. and rotat­
ing tasks examined in this study were sometimes very high 
(550 lb. or 2450 N. of compression andolOO Ib, or 445 N, of 
spinal shear). none·of the tasks resulted in compression or 
shear force loading values exceeding recommended spinal 
tissue tolerance limits. An unexpected finding was that the 
estimated spine forces and moments were somewhat higher 
for the ceiling-mounted device compared to the other floor­
based devices, despite the fact that the applied hand forces 
were significantly lower for the ceiling-mounted device. This 
finding is not intuitive and is difficult to explain. It should be 
noted that the differences are not very large and since we did 
not have multiple biomechanical simulations, it is not pos­
sible to calculate standard deviations and test for statistical 
significance .of the differences. Also, there is some concern 
that the biomechanical model used in this study (3DSSPP 
model) underestimated the complex shear forces created 
during pushing, pulling. and rotating tasks. The 3DSSPP 
model, for example, does not account for the loading con­
tribution of the spinal ligaments and muscular cocontrac­
tion that typically occurs during a manual material handling 
task, such as pushing, pulling. or rotating. A further weak­
ness of the 3DSSPP model is that it cannot compute spinal 
loading at spinal segments above the L4/L5 region. where 

IJO 

higher spinal shear loading force has actually been reported 
for complex pushing, pulling. and rotating tasks performed 
with patient lifting devices.1.\ 

As noted in the study results, the AP shear force for the ro­
tate task was similar for all conditions regardless of the task 
type. floor type. or magnitude of patient weight. This is like­
ly due to the fact that total AP shear is the sum of the left and 
right force components. Since the lateral force application 
for a rotate task in this study created a positive force in one 
side of the body and a negative value for the opposing side, 
the magnitude of the total shear force (left and right compo­
nents) offset une another and resulted in small overall total 
values that are similar across all conditions. regardless of the 
magnitude of the externally applied hand loads. 111is runs 
counter to findings by Marras et al.1J where spinal loading 
was very high during· the difficult rotate component' of a 
transfer task along a predefined track. Marras et al attrib­
uted this to the amount of control required to turn a patient 
in a floor-based lifting device in a constrained workspace 
and showed that the spinal loading was significantly higher 
for rotation than for the pushing and pulling phases oCthe 
transfer task. Marras et al also indicated that the higher spi­
nal loads during rotation "required the operator to recruit 
more of the antagonistic muscles and increase coactivation, 
which increased AlP shear:' In fact, for a floor-based lift 
with small wheels on carpeting in a bathroom, the Ll/L2 
Superior Endplate A/P shear exceeded 1200 N on average, 
with peak values exceeding 1800 N during the rotate phase 
of the confi ned space task (ie. simulation of moving the pa­
tient int() a bathroom).1J 

In order to assess pot~ntial biomechanical risk associated 
with pushing and pulling in our study, we compared our to­
tal spinal mOlllent results to previously published data that 
proposed various risk categories for development of low 
back pain based on measurements of external momel1ts.H 
In that study. Marras et al stated that maximum external 
moment values of 23.6 N Ill, 73.5 N m, and 76.7 N m were 
associated with low, medium, and high risk of probability 
for low back disorder, respectively. As can be seen in Table 
3 and Figure 13, the values obtained in this study for maxi­
mum measured L5/S1 total moment were high compared. 
relatively. to the values proposed by Marras et al.H for many 
conditions. Comparing these values suggests that the pull­
ing tasks on pile carpeting would be comparable to the high 
risk tasks reported by Marras et al. and that the peak for the 
pulling 'tasks on the indoor/outdoor carpeting. linoleum. 
and overhead devices would fall in the medium risk cate-, 
gory. Similarly, the rotating tasks on pile carpeting ~ould 
be near the medium risk category value reported by Marras 
et al and the indoor/outdoor carpeting condition would be 
somewhere between low and medium risk, respectively. It 
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should be noted that the Marras et al maximum moment 
is not the same as the total spinal monient reported in this 
study, but these comparisons do suggest that spinal loading 
for certain pulling tasks of floor-based lifting devices would 
be very large and likely present a biomechanical risk for 
development of low back disorders, especially for the tloor­
based devices. ~'I 

One limitation to the current study is that it used a single­
axis load cell, rather than a tri-axialload cell, to measure the 
hand forces. lhis choice was not a problem for the pushing 
and pulling tasks, but it did limit the ability to perform the 
rotating task in a more realistic manner and required pre­
scription of how the rotating task was performed rather than 
allowing the operator to perform the task in any manner of 
her choosing. We believe our choice to have the operator 
perform the rotattng task using 2 lateral forces (right and left 
hand) applied parallel to the frontal plnne of the operator 
wns more realistic than the method used in the Rice et a!' I 
study, but use of a tri-axialload cell likely would have made 
the task even more realistic. The purpose of this paper was 
to examine the required operating forces for ceiling-mount­
ed and floor-based patient handling equipment on various 
floor surfaces. We did not attempt to examine differences 
in how operators performed the tasks and recognize that 
various individuals might perform the tasks differently and 
could introduce style factors and different motion profiles. 
For this reason, we used a single operator to perform all of 
the tests in order to minimize inter-subject variability. 

CONe LU S I,ON S 

In summary, spinal compression forces were not shown to 
be a potential risk factor for low back pain for any of the de­
vices tested in this study, but A/P and I~teral shear forces, as 
well as total spinal moments, did approach. and in some cas­
es exceed, recommended safe exposure levels. In addition, 
the hand forces required to operate the equipment exceeded 
psychophysically acceptable levels for many of the tasks. TIle 
floor-based devices required significantly greater hand forc­
es than the ceiling-mounted lifts, and operation of the floor­
based lifts on carpet of any kind Significantly increases the 
risk of musculoskeletal disorders. Based on these findings, 
when the floor surface is linoleum. floor-based lifts likely 
will be acceptable. When the floor surfaces are not linoleum 
or when the patient weights are very heavy, floor-based lifts 
could be hazardous; ceiling-mounted lifts should be used to 
the extent feasible. In situations where floor-based lifts must 
be used. regardless of the floor type or patient weight, users 
should consider using other assistive equipment. such as a 
powered transport device or equipment tugger that could 
hdp move the fully loaded device. SOlne lift devices have 
built in motorized drive trains to transport a fully loaded 
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device along the floor surface. 

It is clear that a numb~r of the patient handling tasks evalu~ 
ated in this study have the potential for causing or exacer­
bating low back disorders. The impact of these findings sug­
gests that the risk of musculoskeletal injury will be greater 
for caregivers moving heavier patients on carpeting ~ith 
floor-based lifting devices compared with using an overhead 
lift. Also, caregiver's risk of back disorders will increase as 
the weight ufthe patient increases. This is of critical interest 
to the healthcare community due to the increasing obesity 
epidemic in the United States.!' Additionally, patient han­
dling in home care settings may be particularly problem­
'ItiC, as it is more likely in the home care environment that a 
floor-based lifting devices will need to be used on carpeted 
floors and/or in restricted workspaces. 
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