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Study Design. A cross-sectional study of the 1-year 
prevalence of low back pain was conducted in workers 
employed in manual lifting jobs. 

Objectives. To provide epidemiologic data to deter­
mine the correlation between the prevalence of low back 
pain and exposure to manual lifting stressors, measured 
with the lifting index component of the revised lifting 
equation from the National Institute for Occupational 
Safety and Health (NIOSH). 

Summary of Background Data. The NIOSH lifting 
equation has been proposed as a practical, yet valid tool 
for assessing the risks of low back pain caused by manual 
lifting. To date, however, there have been few studies in 
which the effectiveness of the equation to identify jobs 
with elevated rates of low back pain has been evaluated. 

Methods. Fifty jobs from four industrial sites were 
evaluated with the NIOSH lifting equation. A symptom 
and occupational history questionnaire was administered 
to 204 people employed in lifting jobs and 80 people 
employed in nonlifting jobs. Regression analysis was 
used to determine whether there was a co rrelation be­
tween the lifting index and reported low back pain . 

Results. As the lifting index increased from 1.0 to 3.0, 
the odds of low back pain increased, with a peak and 
statistically significant odds ratio occurring in the 2< 1ift­
ing index< 3 category (odds ratio =- 2.45). For jobs with a 
lifting index higher than 3.0, however, the odds ratio was 
lower (odds ratio = 1.45). 

Conclusions. Although low back pain is a common 
disorder, the lifting index appears be a useful indicator for 
determining the risk of low back pain caused by manual 
lifting. [Key words: dose response, low back pain, manual 
lifting, risk assessment] Spine 1999;24:386-395 

There is u b tantial interest in identifying hazardou lift­
ing tasks because low back pain (LBP) co11tinues to affect 
a large percentage of worker . In 19 8 8 alone, back di -
order in the United tates accou11ted for appro in1ately 
25 o/o of all lost workday (half a billion lo t workday ) 
with 22 millio11 cases reported that year. 10 It i e ti111ated 
that a many a 30° o of the A111erica11 workforce regL1-
larly perform pote11t1ally hazardous material ha11dling a 
a part of their jobs. 19 The eco11on1ic co t attribt1table to 
low back di order are staggeri11g. 111 1989, tl1e average 
co t of a worker ' compen ation clai1n for LBP w,1 re­
p<>rted to be $8321, wl1ich wa n1ore th ,1 11 twice tl1e av-
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erage for all compensable claims combined ($4075) .25 

Inve tigators estimated the total compensable cost for 
LBP in the United States in 1989 to be $11.4 billion. 
M any back disorders have been linked to specific high­
risk occupational lifting activities that cause excessive 
biomechanical and physiologic loading on the work­
ers. 9 , 1 '"', 18 

In respon e to this serious problem, the National In-
titute for Occupational Safety and Health (NIOSH) de­

veloped a practical analysis tool for evaluating the phys­
ical demands of two-handed manual lifting tasks. The 
analysis tool consists of two eqt1ations, the recom­
mended weight limit (RWL) and the lifting index (LI), for 
evaluating a specified manual lifting task ( equations 
listed in Appendi A). The RWL is computed from a 
imple mathematical equation requiring measurernent 

and input of characteristic that de cribe the task, such as 
the geometry of the hand location, frequency of lifting, 
work duration, and type of hand-coupling required for 
the task. The LI provide an e timate of the relative phys­
ical demand for the task and is defined as the ratio of the 
actual weight of the load (L) lifted divided by the RWL 
for the job (LI = L/RWL). A de cription of the criteria 
and rationale u ed to develop the RWL and LI was pub­
lished by Water et al in 1993.22 

The purpose of thi tudy wa to provide epidem10-
logic data to define the correlation between the LI and 
the prevalence and everity of lifting-related LBP. The 
tudy wa envi ioned a one in a erie of everal ep1de­

miologic tudie to evaluate tl1i important correlation. 

• Methods 

Study De cription. The n1a 1n elen1ent of tl1e tt1dv 111cluded: 

• election of 1nc111ual l1 ft1ng J<)b (e po ed ) ,lt fot1r con1pa-
111e ; 
• election of contro l or 11onlifti11g jol) (t1ne,p(1 ed ) c.lt e.1ch 
plant; 
• 1nea ure111e11t <)f data ncedeli tt1 c,1Ict1late rl1c RWl .1nd LI 
for each c)f tl1e elected 10b ; 

• c111d co1n~1leti c)11 of a clf-alin1i111 tered qt1e~ttc)n11.111e b, 
wc)rker in each of tl1e e pt) ed ,1 tlli tt 11e'\. po~eli J<) 11"· 

Selection of Study itcs and Job . Fc)t1 r 111ti ti \ t r1,1 l r.1(1ltne~ 
w1tl1 ,1 vv1Je ra11ge <lf 111c.111t1c.1 l litti11g Jt)l1 \c)lt111teereli t() p.1rttL 
lf)Jtc 111 tl1c <;tuli}. l 1fti11g J()l)\ \\ere \Clccteti fc)r 1nclu"1c)111n tht 
\t t1ti} l)J\Cti C) t1 cl l1\er, ,1t1c)11~ c)f rcprc\et1t .. 1t1\'C \Vc)rkcr" .1nd 
tl1r<lt1gh dt\Ltt~~tc)n, \¥1tl1 i1l~111t per\c)1111cl. Tl1c I )~tl 111,r,tt 
gJ t()I, were l1l1nded tel l1c.1ck i1.1i11 <)r 1111ur) r.ltL"\ t()t .1ll J()b,. The 
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cr1ter1a used for selecting jobs for inclusion in the exposed or 

lifting group were: 

• jobs 1n which manual lifting is performed as a regular 
daily task activity, with at least 25 lifts per day; 
• jobs with no major changes in content, pace, and work 
practices for the past 2 years; 
• Jobs with little or no unpredictable variations in task char-

. . 
acter1st1cs; 
• jobs that complied with the application criteria of the 
RWL.2 3 (That is, none involved one-handed or seated lift­
ing, lifting in a restricted work space, or handling unstable 
objects, and none required significant amounts of nonlifting 
physical demands, such as pushing, pulling, or carrying. 
Some of the selected jobs involved shifts lasting up to 12 

hours); 
• Jobs that did not involve exposure to significant whole-
body vibration (e.g., driving a truck more than 4 hours a 

day). 

Fifty lifting jobs were included in the study. Of the 50 jobs, 
22 were located at a diesel engine manufacturing plant where 
workers performed various machining and assembly opera­
tions of prefabricated parts weighing between 14 and 64 lb. 
The machining jobs typically required workers to lift parts 
repet1t1vely between storage bins and drilling and surfacing 
machines. The assembly jobs consisted of workers lifting parts 
from storage bins and attaching them to the engine, which was 
either stopped or moving on a conveyor. Another six jobs were 
located at a fiberglass insulation manufacturing plant where 
workers performed handling activities common in a ware­
house, 1n which bundles or bags of fiberglass insulation are 
lifted from a machine or conveyor to a cart or conveyor for 
packaging or shipment. The bundles typically weighed 19-45 
lb. Another five jobs were located at a printing plant where 
workers performed lifting activities in the bindery department. 
The main job of these workers was to feed pages into binding 
machines and then box the finished product. One of the jobs in 
the bindery department required lifting either a 55-lb or 88-lb 
bundle of paper from floor height to a position approximately 
3.5 ft from the floor. Finally, 17 lifting jobs were located at an 
appliance manufacturing plant, where workers performed light 
manufacturing, painting, and assembly jobs and were required 
to lift parts from stamping machines, off of conveyors, or out of 
racks or bins for assembly or preparation for assembly. The 
weight~ of items lifted at the appliance manufacturing plant 

ranged between 5 and 48 lb. 
Workers included in the unexposed group were typically 

employed in office-related jobs that did not require lifting. 
Workers in the unexposed group were excluded from the study, 
hcJ\vever, if they reported heavy pushing or pulling more than 
10 times a day, lifting 25 pounds or more 10 times a day or 
more, or lifting 50 pounds even once a day. Thus, the exposed 
P<)pulatJ<)n was defined as those who performed the 50 selected 
i<)bs, and the unexposed population was defined as a group of 
W()rkers with nc) significant exposure at the time of the study to 
lifting <>r <>ther work-related risk factors for LBP, except pro­
longed s1tti ng. Workers performing 1obs in the unexposed 
grc>up, however cc)u)d have been exposed to I1ft1ng on prev1c)US 
jobs. ' 

r:ach W<)rker emplc)yed in the selected expc)sed and unex­
pr>sed johs was asked t<> cc)mplete a self-administered sympt<)m 
and r>ccupat1c)nal history questionnaire. Participat1on was vol-
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untary, and there was no penalty for not completing the ques-
• • t1onna1re. 

Data Collected. Data were collected by personnel trained to 
make the measurements 1n a standardized manner. It has been 
shown that re liable measurements are obtained if standardized 
measurement methods are used. 24 Workers were observed and 
interviewed to identify individual tasks within the job and to 
document the task times and work station layout. The follow­
ing data were collected for each selected 10b to calculate the 
RWL and LI: weight of the object lifted, duration of the task 
during the day in hours, frequency of the lift in lifts per minute, 
vertical and horizontal distances at the origin and destination 
of the lift, coupling rating, and, if the task required lifting from 
the side of the body, the angle of asymmetry at the origin and 
destination of the lift in degrees. A sample of workers doing 
each of the exposed jobs was observed and analyzed during a 
2-4-day period. Although multiple measurements were made 
for each job, there were insufficient data to evaluate interrater 
or task factor variability in this phase of the study. A minimum 
of three sets of repeated measurements were made for each of 
the exposed jobs at various times during the workday through­
out the observation period. The number of workers observed 
and the frequency of measurements varied between jobs, de­
pending on the potential for variability in task factors within 
and between workers doing the same job. 

Some lifting jobs required multiple lifting activities, each 
with a unique set of task characteristics. The NIOSH lifting 
equation allows for the computation of a composite lifting 
index (CLI), so that the combined effects of all the tasks are 
considered. The CLI takes into account not only the LI for the 
single most stressful task, but also includes the incremental 
increase in the LI as each subsequent task is added to the job.

23 

Calculation of Recommended Weight Limit and the Lift­
ing Index. To reduce measurement bias in the calculations, 
averages were taken across all samples for all measurements to 
compute the LI and CLI for each job. For jobs with variability 
in one or more factors because of the design of the job, such as 
those in which the vertical height or horizontal distance at the 
origin or destination varied from lift to lift, a minimum and 
maximum LI or CLI value was computed for a worst-case and 
best-case assessment. Only the worst-case values were used for 
risk modeling. This approach was adopted for three reasons: 
There is no procedure avai lable for computing the LI for jobs 
with extreme variability; insufficient data were collected show­
ing the distribution of the variability, making it impractical to 
determine an LI based on mean lifting characteristics; and, the 
approach would result in an overestimate of the risk rather 
than an L1nderestimate, thereby biasing the results toward the 
null. In a few cases, there were significant differences between 
data samples (i.e., when the differences in measl1rements would 
result in more than a 5-lOo/o difference in the LI or CLI value). 
In these cases, a professional ergonomist reviewed the video 
tape of the job, simulated the lifting task, and judged what the 
appropriate measurements should be for the computations. 

The measured horizontal distance (H ) exceeded the 2 5-in. 
maximum limit set by NIOSH for 30% of the 1obs. For pur­
poses of this study, H was set to equal 2 S 1n. for Jobs 1n which 
the measured H exceeded 25 in., fc)r two reasons: f 1rst, when 
the horizontal multiplier 1s set to 0, the LI approache<; 1nfin1ty, 
and the LI can not be used to d1st1ngl11sh between J<)hc;. )e<-<>nd, 
in nearly all cases in which H exceeded 2 S 10., w<)rkers leaned 
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over and centered their weight over one foot rather than cen­
tering weight over the midpoint between their ankles. When 
this happened, the maximum horizontal distance from the 
L5-S 1 Joint translated to a point appro imately over the 
weight-bearing foot, and the horizontal moment was ma1n­
ta1ned at approximately 25 1n. We recognize that not allowing 
H to exceed 25 in. could re ult in an underestimate of risk and 
that setting H equal to 25 in., when it may be les because the 
worker leans on one foot, could result in an overestimate of 
ri k. 

Job Rotation. Approximately 34o/o of the exposed group of 
workers were employed in a small fraction of jobs ( 6o/o) requir­
ing rotation between different lifting Jobs during the day. These 
Jobs produced sequential exposure of variable magnitude. Be­
cause there is no procedure currently available for evaluating 
sequential exposure, workers were assigned to the job element 
with the greatest LI value. This could re ult in overestimation 
of LI, which would bias the risk estimate for LBP toward the 
null. 

Exposure Variables. Exposure variables used in the analyses 
included the dichotomous exposure variable (exposed vs. un­
e posed), the LI a a continuous variable, and the LI a a cat­
egorical variable (see exposure categories below). For purpo es 
of this article, the LI and CLI are used interchangeably. For the 
categorical analysis, the LI was divided into the fol lowing five 
categories: LI = 0 (unexpo ed), LI between O and 1, LI between 
1 and 2, LI between 2 and 3, and LI> 3. These groups were 
chosen becau e, according to the lifting equation, the O< LI < 1 
group was considered to have the lowest risk and the LI> 3 
group was considered to have the highest ri k. 

Symptom and Occupational History Questionnaire. The 
questionnaire was elf-administered and included question 
about pain and d1 comfort in the back and other area of the 
body, as well a questions about potential confounders. The 
questionnaire 1nclt1ded standardized cale to as ess perceived 
work demands, work control, ocial upport, Job atisfact1on, 
and a b1l1ty to meet prod uct1on ta11dard , whicl1 \Vere taken 
fro1n the NIOSH Generic Job Stress Surve) or previou NIO H 
survey·s. 11 Self-reported 1neasures of capacity, a se sed b\· the 
Borg scale, were also 111cluded to determi11e pos ible selection 
l1ias of worl<ers perfor111ing job with l1igh Lis. 6 

The qt1est1onna1re also collected 1nformat1on on age, l1eigl1t, 
weight, ge11der, sn1ok1ng statu , ti1ne spe11t 1n a vehicle com-
1nt1t111g to work, t1n1e spent itting at work, educ.atic)n, plant, 
}ears in the pla11t, }'ears on the Job, a11d work 111ft. 

Workers completed the question11aire in n1all grot1p dt1r­
i11g working hour5. All worker on .. 111 l1ift i11 each of tl1e 
~an1pled Jobs were i11v1ted to complete tl1e qtte t1onna1re. In al l 
<>f the pla11ts, rnc>re tl1an 80°/c> c>f tl1e 1nv1ted w<.>rker5 agreed t<> 
con1plete the quest1c>n11a1re. 

Case Definition. C~ase defi111t1011s of 1 BP for tl1is srt1dy are 
\1n1dc.1r to CJSe defi11it1ons u<;ed 1n other tt1dies c)f LBP. Tl1e c,1 e 
defin1ttl)11~ included: ( 1) l1ack pain ever (BPE), (2) back pa111 i11 
t 11 e pa c; t 1 2 111 <>nth s ( BP 12 ) , ( 3 ) l) a ck pa 1 r1 111 t 11 e pa t 1 2 rn <) n t 11 
cat1sed l1y repet1t1vc act1v1ties at work (BPRA), and ( 4) back 
pa 111 1 n th c 11 a~ t I 2 1n o 11th s l1 el. a tl 5 e <> f a cc 1 cl e r1 t c.1 t w C) r k ( BP A ) . 
The qucst1c,11 about BPf', "Ha ve you ever had l1aLk pai11 tl1c.1t 
L1~tccl every (i .. 1y fc> r a week or 111orc1 ,, is '>i111 ila1 t<> quest1c>11~ 

about lifetime incidence posed in a number of Nordic studies. 14 

The questions about BP12, "During the pre,·ious 12 months, 
have you had back pain every day for a week or more"; BPR.~, 
"Was any of this pain brought on by repetitive acti, 1ties, such 
as lifting, pushing or bending?"; and, BP AC, '' During the pre­
vious 12 months, have you had back pain every day for a \\eek 
or more that re ulted from an accident (such as slipping, falling, 
or a car accident)?"; as well as a question about where the 
activity was performed that caused the back pain, are the san1e 
as questions included in the 198 8 Health Interview Sur, e,, 
which provides us with community-based data for compari­
son. 3• 1 ° Pain and di comfort 1n other parts of the body were 
assessed u ing a Corlett and Bishop body-part discomfort dia­
gram, but these data are not reported in this article .... 

Statistical Methods. The LI was chosen as the primar) mea­
sure of worker e po ure to manual lifting. Potential confound­
ers were separated into three groups representing psychosoc1al, 
personal, and demographic variables. Logistic regression mod­
el were fitted for each group of variables. Continuous and 
categorical analyse of the LI were conducted, but the focus 
was on categorical results because previous discussions ha, e 
focused on the ut1l1ty of specific LI , such a 1 and 3. Pre,alence 
odds ratio were determined for each variable in tl1e group, and 
the changes 1n the parameter estimates for the four LI catego­
rie above O ( une po ed group) were examined. Pre, alence 
proportion ratio (PPR), which are ratio of the prevalences 
among the expo ed to the prevalence among the unexposed 
were also estimated, becau e it ha been argued that in a cross­
sectional tud)' of a di ease with undefined duration, st1ch as 
back pain, the prevalence odd ratio i difficult to interpret, and 
that the PPR 1s preferable.2

•
1

" Therefore, PPR estimates ,,ere 
also derived with a generalized linear model with logar1thmH. 
link function and binomial error distribution (a log-b1non11al 
model) u ing co1nn1erc1al software (Prog Genn1od; SAS, Cary. 
NC).20 

Factor analy is wa u ed to detern11ne whether the potential 
confounder could be collapsed into a n1aller number of, ar1-

al1les. Ba ed on the factor anal)· 1 , the den1a11d variable \\ as 
combined \Vith the ab1 l1t) to meet production 5tandards \ari­
able, and the octal support variable \Vere coml1ined into one 
upport variable. Job ati faction a11d education could not he 

combined witl1 other v ar1able . 

• Results 

Three hL1ndred eight people con1pleted the qt1e t1on­
naire. Althot1gh the con1pletion of the qt1e tion11aire ''"1') 
volt1ntary, no re i t,1nce to p,1rticipa tion wa encoun­
tered i11 any of tl1e fot1r plant . An1ong rl1e tine\.posed 
worker , betwee11 82 ° o a11d 100° o of ct1rrent \\·orker"t 
co111pleted the qt1est101111,11re i11 the fot1r f,1cilities. In the 
e posed j<.) l1, bet\vee11 89°0 a11d 95° 0 t)f tl1e ct1rre11t 
worker cornpleted tl1e qt1e ti<.)1111,11re. Part1c1p,1t1()t1 rc1tC"t 
did not differ ig11ific,111tl) l1et, ee11 LI c,1tegorie~. Becau~e 
tl1e pri1n,1r)' <.)t1tcon1e 111e,1sure w ,1 pre e11ce of 1 BP dur 
i11g tl1e previot1 12 111011tl1 , p ople ,vitl1 le tl1a11 12 
1no11tl1 on tl1e job were e eluded, le,1vi11g ,1 rota l of 20-l 
people in tl1e e posed grot1p a11d 80 people i11 tl1e t111e'\­
po ed grot1p. 

Participc.111t den1ogr,1ph1c , bv 1 I c,1tegor)', nre ~.,re 
e11ted i11 Tal1 le I. Over~1ll, e p()~ed .. 111d t111e po",ed 
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Table 1. Study Population Demographics for Workers on Current Job ~1 Vear, by Lifting Index (LI) Category 

L1ft1ng Index Category 

Exposed 

Unexposed Demographic 
Variable (LI = 0) 0 < LI < 1 1 < LI < 2 2 < LI ~ 3 LI > 3 

Mean age (yr) 46.3 39.2 

Gender (o/o M/0/o F) 76/24 56/44 

Body mass index 27.0 25.9 

Mean time at company (yr) 20.6 7.2 

Mean time at current job (yr) 8.6 4.8 

No. of workers 80 9 

workers at the diesel manufacturing plant and the print­
ing plant were older than workers at the other two sites, 
and workers at the printing plant had the longest tenure 

on the current job. 

Recommended Weight Limit and Lihing Index Results 
A summary of the results of the evaluation with the re­
vised NIOSH Lifting Equation by LI category for the 50 
jobs included in the analysis is provided in Table 2. Lift­
ing indexes among the 50 jobs ranged between 0.4 and 
4.6, with mean values of 0.6, 1.6, 2.6, and 3.7 in the 
O<LI< l, 1 < LI< 2, 2 < LI<3, and LI> 3 groups, respec­
tively. The single-task analysis procedure was used for 
41 °/o of the Jobs, and the multitask analysis procedure 
was used for the remaining 5 9 o/o . 

Reported Health Outcomes 
The prevalence of reported LBP in the exposed and un­
exposed population by LI category is shown in Table 3. 
The prevalence of any lifetime LBP (i .e., previous LBP) 
was similar in all exposure categories. When the out­
come was restricted to LBP lasting a week or more in the 
past 12 months, however, the prevalence was highest in 
the 2< LI <3 category. The differences were greater when 
the outcome was associated with repetitive activities at 
work, where 34 o/o of workers in jobs in the 2 < Ll~3 
category reported LBP in the past 12 months caused by 
repetitive activities at work, compared with only 5 o/o in 

44.2 40.5 441 

89/ 11 84/16 100/0 

28.8 28 2 28 4 

16.0 14.3 20.0 

6.1 7 .1 10 8 

36 121 38 

the unexposed group. Four of 16 (25 o/o) of the unex­
posed workers who reported having LBP lasting a week 
or more in the past 12 months thought that their back 
pain was caused by repetitive activities at work. In con­
trast, 62 (90 o/o) of 69 of the exposed workers who re­
ported having LBP in the past 12 months thought that 
their back pain was caused by repetitive activities at 

work. 

Multivariate Analyses 

Prevalence Ratios. Unadjusted prevalence odds ratio 
(OR) estimates in the four LI categories are presented in 
Table 4. As the LI increased, the prevalence of LBP also 
increased until the LI exceeded 3. 0 and then decreased in 
the LI> 3 category (O<LI< l OR == 1.14; 1 < LI~ 2 OR == 
1.54; 2 < LI~3 OR == 2.45; and LI> 3 OR == 1.63) . Ex­
cept in the 2 < LI <3 group, the size of the exposure 
groups was small, and therefore, only the OR in the 
2 < LI < 3 group was statistically significant. P == 0.09 in 
the test for trend for the LI when treated as a categorical 
variable, and P == 0.05 when treated as a continuous 
variable. Odds ratios based on a model adjusted for age, 
gender, and body mass index were evaluated and found 
to be similar to those estimated from the unadjusted 

model. 
The unadjusted PPR estimates in the four LI catego-

ries are also shown (Table 4 ). The health outcome pat-

Table 2. Mean (Standard Deviation) Lifting Equation Values for Jobs with Workers on Current Job ~1 Vear, by Lifting 

Index (LI) Category 
Lifting Index Category 

Exposed 
--

2 < LI < 3 LI > 3 

Job Variable 0 < LI ~ 1 1 < LI < 2 

~lo. of Jobs 6 18 19 7 

Recommended weight limit 16 0 (6.2) 14.9 (7.1) 14.4 (7.2) 12.2 (3.6) 

Mean l1ft1ng index 0.60 (0.21) 1.6 (0.30) 2.6 (0.26) 3.7 {0.75) 

Weight 10.1 (4 7) 24.5 ( 14.5) 38.4 (21.0) 46.3 (22.6) 

Horizontal multiplier 0 64 (0.12) 0.50 (0.12) 0.52 (0.12) 0.49 (0 13} 

Vertie a I m ult1 pll er 0 89 (0 13} 0 89 (0.08} 0.89 (0.08) 0.86 (0 05) 

Distance multiplier 0 92 (0 03) 0 96 (0 05) 0 95 (0 05) 0.94 (0.06) 

Asymmetric mult1pl1er 0.97 (O 07) 0.91 (0.09) 0.90 (0.10) 0 85 (0 11 ) 

Coupling mult1plle r 0 98 (0 04) 0.99 (0 03) 0 98 (0.04) 0.98 (0 03) 

Frequency multiplier 0.70(010) 074(0.13) 0.71 (0.20) 0 77 (O 14) 

See Appendix A for multiplier descriptions. 
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Table 3. Reported Health Outcomes for Workers on Current Job =::1 Year, by Lifting Index (LI) Category 

Health Outcome 

No. of workers 
% previous BP 
% BP in I a st 12 mo 
% BP due to repeated activities in last 12 mo 
% workers missed work due to BP from re-

peated activities in last 12 mo 
Mean days lost work due to BP from re­

peated activities 

BP = back pain . 

Unexposed 
(LI = 0) 

80 
46 
20 
4 

0 
0 

tern and P values in the PPR model are similar to those in 
the the OR model. 

Confounders. As previously mentioned, certain psycho­
social variables could be collapsed into single indexes 
using factor analysis. Perceived work demands and abil­
ity to meet production standards were collapsed into one 
factor, and all the social support items were collapsed 
into one factor. 

Prevalence odds ratio (OR) estimates in the four LI 
categories, adjusted for psychosocial and personal vari­
ables, are shown in Table 5. Job satisfaction was the only 
confounder found to be statistically significant in the 
multivariate analysis. The differences in the odds ratio 
estimates in the LI categories between the unadjusted 
and adjusted models are not significant (Tables 4 and 5). 

• Discussion 

Although the RWL and LI equations are derived from 
substantial research in the areas of biomechanics, work 
physiology, and psychophysics, research efforts to eval­
uate the revised NIOSH lifting equation have been lim­
ited. To date, we have found a single retrospective epi­
demiology study in which attempts were made to link the 
risk of back pain or injury, defined by the LI component 
of the revised NIOSH lifting equation, with the incidence 
and severity of low back disorders. 17 The results in that 
study indicated that the new equation could predict the 
probability of higl1-risk group membership. In a previous 
study, the original (1981) NIOSH lifting equation was 

0 < LI < 1 

9 
38 
22 
22 

0 
0 

Lifting Index Category 

Exposed 

1 < LI < 2 

36 
43 
28 
25 

3 
0 

2 < LI :5 3 

121 
48 
38 
34 

18 
31 

(N = 20) 

LI > 3 

38 
53 
29 
26 

13 
36 

(N = 4) 

shown to be predictive of risk of low back injury. 16 The 
results of these studies support the conclusion that the 
NIOSH lifting equation can be used to identify stressful 
lifting tasks, which is in agreement with the results of the 
current study. 

One of the important proposed applications of the 
lifting equation is as a tool for estimating the percent­
age of the population that is likely to be at risk for 
developing lifting-related LBP. It has been suggested 
that most of the working population should be able to 
perform jobs with Lis less than 1.0 without a signifi­
cant risk of LBP and that the risk begins to increase as 
the LI exceeds 1.0. In the current study, there was a 
statistically significant trend in the correlation be­
tween the prevalence of LBP and the LI (Tables 4 and 
5 ) with a peak PPR of 1.9 in the 2 < LI< 3 category. 
This means workers were nearly twice as likely to re­
port LBP lasting a week or more in the past 12 months 
if they worked in jobs with Lis between 2.0 and 3.0 
than if they worked in nonlifting jobs. Considering 
that LBP is a common disorder, the estimated ORs and 
PPRs for the groups with Lis higher than 2.0 are high. 
The shape of the risk curve in the LI less than 2. 0 range 
provides extremely important information about job 
designs to protect most of the population from work­
related LBP. Because the precision of the risk estimate 
for the groups with Lis less than 2.0 was low in the 
current study, the shape of the risk curve for these 
lower e posure groups was less certain. Therefore, it is 

Tab_le 4. Unadjusted Prevalence Odds Ratio (OR) and Prevalence Proportion Ratio (PPR) for Reporting Low Back Pain 
Ourmg the Last 12 Months as a Function of the Lifting Index (LI) 

Variable OR 95% Cl PPR 95% Cl n 
LI = 0 1.00 Reference 1.00 Reference 80 0 < LI < 1 1.14 0.16- 5.29 1.11 0.20- 3.14 9 1 < LI < 2 1.54 0.60- 3.80 1.39 0.67- 2.72 36 2 < LI < 3 2.45 1.29-4.85 1.90 1.19- 3.24 121 LI -> 3 1.63 0.66- 3.95 1.45 0.72- 2.79 38 
Cl = confidence interval 

P O 09 for trend when evaluated as a categorical variable and P = O 05 when evaluated as a continuous variable. Population included 284 persons with more than 12 months on the Job 
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Table 5 .. Prev~lence Odds Ratios (OR) for Reporting Low 
Back Patn During the Last 12 Months as a Function of 
Lifting Index (LI), Adjusted for Age, Gender, BMI, and 
Psychosocial Factors 

Variable OR 95o/o Cl n 

LI = 0 1.00 Reference 80 

0 < LI < 1 1.04 0.13- 5.84 9 

1 < LI < 2 1.96 0.69-5.53 36 

2 < LI < 3 2.20 1.01-4.96 121 

LI > 3 1.09 0.37- 3.10 38 

Demand and ability to meet work 
requirements ( continuous) 1.06 0.75-1.49 

Control (continuous) 1.02 0.73- 1.42 

Support ( continuous) 1.32 0.85-2.07 

Somewhat satisfied* 1.17 0.55- 2.59 

Not too satisfied* 4.57 1.74--12.6 

Not at all satisfied* 7.65 1.59-45.0 

Gender (female) 1.61 0.69- 3.70 

Age (continuous) 0.99 0.96- 1.02 

BMI (continuous) 0.96 0.89- 1.03 

Cl = confidence interval, BMI = body mass index 
* OR for comparison with "very sat1sf1ed" cond1t1on 
P = 0.27 for overall trend Population included 284 persons with more than 12 

months on the Job 

particularly important in future studies to increase the 

size of these groups. 
. In this study, the risk in the highest exposure group 

(z.e., LI > 3 ), was less than in the 2 < LI< 3 group. It is 
possible that this is the result of problems with the pre­
dictive power of the equation, although it is more likely 
to result from a combination of worker selection and a 
survivor effect. Selection of stronger workers per£ orming 
Jobs with high physical demands is common, even when 
a specific worker selection program is absent. Moreover, 
there is also the potential for a survivor effect, in which 
certain people with high tolerance for heavy manual lift-
1ng can continue to work in jobs with high physical de-• 

mands, whereas workers with lower tolerances may have 
to leave the job. Both of these effects can bias risk esti­
mates of LBP toward the null, especially in those jobs 
with high physical demands, such as those with an LI 
higher 3.0. Support for a survivor effect can be seen in 
Table 1, in which it can be observed that the mean num­
ber of years on the current job increases as the LI cate­
gory increases. This may indicate that for the popula­
tions included in this study, as the LI value increases, 
workers with lower tolerance to the physical demands of 
a job leave to find a new job, whereas workers with 
~igher tolerance stay. This effect was previously shown 
m a longitudinal epidemiologic study of sewing machine 
operators, in which Sch1bye et al 2 1 reported that people 
who left the job of sewing machine operator to take 
a~other job had a higher prevalence of musculoskeletal 

dis<)rders than those remaining on the job. 
Another possible explanation for the reduced inci-

dence rates in some of the jobs 1n the LI> 3 category, 
which has been shown in prev ious studies, could be high 
turnover rates. In a study of worker turnc>ver rates on 
phys ically demanding jobs, La vend e r and M arras 

13 
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showed that turnover rate was a good indicator of high 
~,~k for LBP. They attributed the lower than expected 
1n1ur~ rates to the "hea)thy w?rker effect," previously 
de_scnbed by Andersson. That 1s, workers at high nsk of 
1n1ury may leave the job rather than wait until an in1ury 
occurs, thereby lowering the overall incidence rate for 

that job. 
Regarding back pain prevalence, the results of this 

study are similar to results found in previous studies. In 
the current results, for example, 20 °/o of the unexposed 
group and 35o/o of the exposed group reported having 
back pain lasting a week or more in the past 12 months. 
In comparison, 17.6°/o of respondents in the 1988 
Health Interview Survey, a large community-based in­
vestigation of occupational health, reported having LBP 
lasting a week or more in the past 12 months. 

3
• 
10 

When 
asked about the cause of LBP, 6.3 o/o of respondents in the 
19 8 8 survey reported that the LBP was ca used by repet­
itive activities at work. In the current study, 4°/o of the 
unexposed group and 30.4o/o of the exposed group at­
tributed LBP to repetitive activities at work. Moreover, 
in the 19 8 8 survey, the prevalence rares for the highest 
risk occupations for work-related LBP for men were 
22.6°/o for male construction laborers, 22.2 °/o for car­
penters, and 21. 8 °/o for truck and tractor equipment op­
erators. For women, the prevalence rates for the highest 
risk occupations for LBP were 18.8°/o for nursing aides, 
orderlies, and attendants; 16.3 o/o for licensed practical 
nurses; and 14.9o/o for domestic workers. 

3
•
1° Finally, 

lifetime prevalence rates for LBP ( 4 7o/o) in the current 
study were similar to lifetime prevalence rates found in 
previous studies of LBP in the Nordic population (be­
tween 60 o/o and 65 o/o). 14 The lower rates in the current 
study may be caused by differences in the case definition. 

In addition to the LI, job satisfaction was the only 
variable shown to be significantly related to reported 
LBP. It is not clear, however, whether job dissatisfaction 
could be a cause of back pain or back pain reporting, or 
conversely, whether back pain could be a cause of dis­
satisfaction. Little is known about the correlation be­
tween job satisfaction and LBP. One study reported that 
musculoskeletal symptoms may cause people to seek an­
other job.2 1 It is likely that these workers could also have 
been dissatisfied with their jobs. The only longitudinal 
study of LBP we could find in which job dis atisfaction 
was evaluated as a predictor of back pain showed no 
correlation.4 Bigos et al, 5 in a study that is sometimes 
cited to show a correlation between psychosocial factors 
and back di sorders, actually studied the correlation be­
tween psychosocial factors and workers actively report­
ing acute back injury to the plant management, filing a 
back-related incident report, or filing an industrial insL1r­
ance claim, not prevalence of back pain symptoms. In a 
cross-sectional study such as the current c)ne, a model 
excluding job dissatisfaction 1s more appr<)pr1ate, be­
cause job dissatisfaction 1s likely to be caL1sed by the 
outcome, LBP. With job dissatisfaction 1n the 1nodel, the 
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OR for LBP in the 2 < LI <3 category is still statistically 
significant. 

The correlation between individual multipliers in the 
RWL equation and prevalence of LBP was investigated 
to see whether any intermediate variables would be good 
predictors of LBP. Unfortunately, there was insufficient 
power to evaluate the predictive power of individual 
multipliers. Future studies are planned in which addi­
tional data on individual multipliers will be collected. 

Further examination of the RWL and Lis (Table 2) 
raises some interesting issues. First, although data are 
limited in some categories and there is wide variability in 
the magnitude of the R WL values and weights lifted 
within each LI category, it appears that the average RWL 
values in the four exposed LI categories are similar in 
magnitude (16.0, 14.9, 14.4, and 12.2 lb). It could be 
interpreted from this finding that the LI equation is more 
sensitive to the magnitude of the weight lifted than to the 
differences in job characteristics. Because the magnitude 
of variability for the RWL and weights within each LI 
category is large, however, this interpretation does not 
appear to be accurate. Another interpretation could be 
that job designers either explicitly or implicitly design 
jobs to fit most workers, resulting in a narrow range of 
RWL values for typical lifting jobs. In a recent study 
using a simulation model of manual lifting and the RWL, 
for example, it was concluded that for 95°/o of all possi­
ble combinations of lifting task variables, the RWL val­
ues were ( on average) equal to or smaller than 20 lb. 12 

The implications of this potential finding is that if 
weights of objects were limited to 25 lb, then most lifting 
jobs would have Lis below 1.5. More research is needed 
to determine whether a single weight limit would protect 
most workers. 

A second issue of interest is that there were no consis­
tent trends between LI categories for any of the multipli­
ers. Although the horizontal multiplier and frequency 
multiplier typically had the greatest effect on the RWL 
within each category, no single multiplier consistently 
decreased as the LI category increased. This finding indi­
cates that, even though some of the factors are more 
important than others in predicting risk of LBP, all of the 
factors should be considered when determining the 
RWL. 

Study Limitations 
As with all epidemiologic studies, there were several lim­
itations to this study. To minimize the effects of these 
limitations, an attempt was made to choo e the solution 
that would bias the study result toward the nu ll. First, as 
with all cross-sectional studies, selection bias may have 
caused an undere ti1nation of LBP rates, particularly in 
the higl1-e posu re group (LI> 3. 0). Because tl1e criteria 
for inclusion 111 the study required a worker to have been 
in the current jol1 for at least 12 rnonths, those worker 
who found that a job exceeded tl1eir phy ical capal1ility 
1nay have left that jol1 after a brief time. The re ult of 
t 1115 bias sh C) u l d le ad to an u n deres ti n1 at ion of the do e-

response association between LI and LBP. Second, the 
unexposed population included many office workers 
who may have worked most of the day in a seated pos­
ture. Because investigators have shown a correlation be­
tween LBP and sustained use of the seated posture, their 
rates of LBP may be higher than those in a truly unex­
posed population. This would also result in a bias of the 
results toward the null. Third, within those workplaces 
evaluated for this investigation, there were few lifting 
jobs that had Lis below 2.0, and especially below 1.0. 
This resulted in extremely small study populations in the 
low-exposure categories, thus severely limiting ability to 
estimate risk accurately at those exposure levels. 

One commonly recognized limitation of occupational 
exposure assessment is accounting for the naturally oc­
curring variability in exposure that exists in many jobs. 
In this study, the variability was managed in a variety of 
ways. When appropriate, the NIOSH multitask method 
was used to account for known variability. In some 
ca es, however, the multitask method could not be used 
because of difficulty in determining the distribution of 
the variability. For those jobs, the worst-case character­
istics were chosen to compute the Lis. More detailed 
methods of accounting for variability may be needed to 
refine risk a ses ment capability. Nonetheless, in this 
case, the decision to choose the worst case would bias the 
results toward the null. 

The companies who agreed to participate in this study 
had been proactive in applying ergonomics before the 
current study and have made great strides in incorporat-. 
ing ergonomics into their job designs. For this reason, it 
was not une pected that most of the jobs had Lis belo\\ 
3.0. Also, there is a possibility that the jobs evaluated 
would not be repre entative of jobs that may have been 
found in other workplaces, which may result in a differ­
ential bias of risk in either direction. 

Finally, comparing the results of this tudy with those 
in other in which the the work-relatedness of LBP has 
been investigated pre ent some difficulties. Investigators 
of low back di order have used a variety of health out­
come mea ure : among them, self-reported LBP., Occu­
pational Safety and Health Administration 200 Logs (of 

• 

injurie and illne ses reported), workers' compensation 
records, day lost, and re tricted duty. The various out­
come measure may reflect difference in the clinical se­
verity of the disorder, ranging from early ymptoms to 
impairment and finally di ability and compensation. No 
single outcome measure i better than the other , because 
each measure ha both trength and weaknesse · for 
e ample, there are incon i tencie in ho,v companies re­
port low back di order . on1e co111panie offer incen­
tive for not reporting problem ., re ulting in unreported 
ca e of LBP. Al o., n1any of the e n1ea ure fail to c,lp­
ture tho e people who move into re tricted dt1t) or 
ch,111ge job beca u e of low back prol1lem . imila:1', 
there are difference a111ong ,vorker ' co111pen~,1t1011 

claim from t,1 re to tc1 te. For tl1i re,1 011, 1t 1 ditfic11lt ro 
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compare results of many of the epidemiologic studies 
that have been undertaken in the past. 

8 

Conclusions and Recommendation for Future Research 
First, even though LBP is a common disorder, analysis o f 
the results indicates that the LI may be a useful indicator 
of risk of LBP caused by manual lifting. Specifically, the 
current findings indicate that a worker who continuously 
performs a manual lifting job w ith an LI greater than 2.0 
is at a significantly greater risk o f having LBP lasting a 
\veek or more during any 12-month period than is a 
\Vorker in a nonlifting job. Nevertheless, we plan to con­
tinue a study similar to this one to gather additional data, 
because there are not yet sufficient data to determine the 
precise level of risk associated w ith jobs w ith Lls less 
than 2.0 or greater than 3 .0. It appears that selection and 
survivor effects m ay hinder ability to evaluate completely 
the risk of LBP at certain levels of exposure. 

Second, although additional data are needed, the cur­
rent findings indicate that personal and psychosocial fac­
tors did not have a significant effect on reports of LBP. 
Because of the uncertainty of the temporal correlation 
between reported job dissatisfaction and LBP, however, 
it was difficult to determine whether job dissatisfaction 
was a result of LBP or whether increased reporting of 
LBP was a result of job dissatisfaction. In either case, 
excessive job demands were associated w ith increased 

rates of reported LBP. 
This study represents a first step in evaluating the LI as 

a predictor of risk of lifting-related LBP. As such, more 
data are needed for rigorous examination of the correla­
tion between the LI and risk of LBP. Also, more research 
is needed to investigate the possible effects of psychoso­
cial and personal factors on the reports of LBP that have 
been shown in other studies. Finally, research is needed 
to refine and extend the application of the N IOSH lifting 
equations to encompass a wider range of lifting jobs, 
such as those involving one-handed lifting, lifting in 
combination with pushing, pulling and carrying, lifting 
in less than optimal environmental conditions, and jobs 
with variable task characteristics. W e plan to continue a 
study similar to this study to collect additional data to 

address these research needs. 
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• Appendix A 

NIOSH Lifting Equation 
A. Calculation for Recommended Weight Limit 
RWL = LC * HM * VM * OM * AM * FM * CM (* indicates multiplication) 

Recommended Weight Limit 

Component 

LC = load constant 
HM = horizontal multiplier 
VM = vertical multiplier 
OM = distance multiplier 
AM = asymmetric multiplier 
FM = frequency multiplier 
CM = coupling multiplier 
Where: 

Metric 

23 kg 
(25/H) 
(1-(0.0031V-751)) 
(0.82 + (4.5/0)) 
(1-(0.0032A)) 
(from Table A 1) 
(from Table A2) 

• 

H = horizontal location of hands from midpoint between the ankles; measure at the origin and the destination of the lift (cm or in) 
V = vertical location of the hands from the floor; measure at the origin and destination of the lift {cm or in) 

U.S. Customary 

51 lbs 
(10/H) 
(1-(0.00751V-301)) 
(0.82 + (1.8/0)) 
(1-0.0032A)) 

D = vertical travel distance between the origin and the destination of the lift (cm or in) 

A = angle of asymmetry- angular displacement of the load from the sagittal plane; measure at the origin and destination of the lift (degrees) 
F = average frequency rate of lifting measured in lifts/min 

Duration is defined to be: < 1 hour; < 2 hours; or :58 hours assuming appropriate recovery allowances 

Appendix A1. Frequency Multiplier (FM): NIOSH Lifting Equation* 

Frequency 
:5 1 h 

Lifts/min V < 75 

0.2 1.00 
0.5 0.97 
1 0.94 
2 0.91 
3 0.88 
4 0.84 
5 0.80 
6 0.75 
7 0.70 
8 0.60 
9 0.52 
10 0.45 
1 1 0.41 
12 0.37 
13 0.00 
14 0.00 
15 0.00 
> 15 0.00 

· Values of V are 1n cm, 75 cm = 30 1n. 

Appendix A2. Coupling Multiplier: NIOSH 
Lifting Equation 

V > 75 

1.00 
0.97 
0.94 
0.91 
0.88 
0.84 
0.80 
0.75 
0.70 
0.60 
0.52 
0.45 
0.41 
0.37 
0.34 
0.31 
0.28 
0.00 

Coupling Multipliers 

Couplings 

Good 

V 75 cm (30 ,n) 

Fa,r 
Poor 

1 00 
0.95 
0.90 ----~ 

V ~ 75 cm (30 in) 

1.00 
1.00 
0.90 

Work Duration 

< 2h 

V < 75 

0.95 
0.92 
0.88 
0.84 
0.79 
0.72 
0.60 
0.50 
0.42 
0.35 
0.30 
0.26 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

< 8h 

V > 75 V < 75 V >75 

0.95 0.85 0.85 
0.92 0.81 0.81 
0.88 0.75 0.75 
0.84 0.65 0.65 
0.79 0.55 0.55 
0.72 0.45 0.45 
0.60 0.35 0.35 
0.50 0.27 0.27 
0.42 0.22 0.22 
0.35 0.18 0.18 
0.30 0.00 0 15 
0.26 0.00 0.13 
0.23 0.00 0.00 
0.21 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
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