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ABSTRACT

Perioperative team members often are required to lift and carry heavy su
equipment into and around the OR; this includes lifting equipment suc
tables, fluoroscopy boards, stirrups, Wilson frames, irrigation containers
tripsy, and heavy instrument pans. Lifting heavy objects creates considerab
musculoskeletal injuries to the back and shoulders. AORN Ergonomi
Lifting and Carrying Supplies and Equipment in the Perioperative Settin
caregivers evaluate lifting and carrying tasks and take measures to pro
selves from injury. Caregivers can use the revised National Institute fo
tional Safety and Health lifting equation to assess whether a specific liftin
be performed safely. AORN J 94 (August 2011) 173-179. Published by
Inc., on behalf of AORN, Inc. doi: 10.1016/j.aorn.2010.09.033
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articles based on the “AORN guidance s

patient handling and movement in the pe

setting” that describe specific ergonomic

high-risk patient handling tasks in the pe

clinical setting.

Lifting and carrying heavy obje
perioperative setting presents
for work-related musculoskele
such as lower back and shoulder injuries.
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erative personnel lift and carry heavy

equipment repeatedly during a typica

Several factors contribute to the risk

from this type of task. These include

� the weight of the object lifted,

� excessive reach,

� the location of the load relative to

performing the lift (ie, how close

being lifted is to the person’s bod
Periop- � the duration and frequency of lifting.
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BIOMECHANICS OF LIFTING
The back can be thought of as a mech

system, with the disc between the fifth

first sacral spinal segments being the fu

lever system. Lever systems work by b

the moment (ie, the product of a quant

distance) created on each side of the fu

moment is created when a load is appl

distance away from the fulcrum.

The mechanical lever system of th

affected by internal and external forc

the fulcrum. These consist of forces

gravity, such as

� the moment created by the weigh

ject being lifted,

� the moment created by the lifter’s

weight when bent over (ie, the up

Figure 1. Ergonomic Tool 6: National In

typical manual lifting of objects.
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mass times the distance of the cen

from the fulcrum), and

� the muscle forces created by the b

ance the moments.

The further a person bends, the large

of the center of mass of the upper bo

fulcrum and the greater the moment

the upper body mass.

When a person performs a lifting

ver system in the back must be balan

times. The extensor muscles of the b

exert large internal forces to create th

tion or to hold the spine in a fixed po

the lift. In fact, depending on the per

during the lift, these muscle forces co

to 20 times greater than the actual w

lifted by the person. It is these large

e for Occupational Safety and Health lifting index va
stitut
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muscle forces that create tremendous
and shearing forces on the spinal dis
ers believe that these excessive intern
forces on the discs lead to the high i
occupationally related lower back pa
lifting tasks are performed repetitivel
discs may not recover sufficiently to
age, even at moderate levels of spina
Therefore, it is important to determin
weight is acceptable to lift in differen
tures and using different hand positio
Ergonomic Tool 6: Lifting and Carry
and Equipment in the Perioperative S
ure 1) can help caregivers evaluate li
carrying tasks and take measures to p
selves from injury.

ERGONOMIC TOOL 6
The National Institute for Occupation
and Health (NIOSH) has developed a
for calculating recommended weight
lifting index (LI) for assessing the ph
mands of specified manual lifting tas
create Ergonomic Tool 6, perioperati
identified the objects most frequently
a typical workday, and ergonomists a
revised NIOSH lifting equation (RNL
object to determine its level of risk. T
in the tool indicates the level of risk
with a particular object.

For example, it is safe to lift irri
bags, sand bags, linen bags, lead ap
tom sterile packs, full garbage bags
positioning devices. There is potent
lifting a large hand table, fluorosco
two stirrups, a Wilson frame, or lar
containers for lithotripsy. There is c
risk in lifting instrument pans, and
be carried close to the body to redu
(Figure 2).

It is likely that caregivers will id
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can be done by following the direc
vided by NIOSH in the applications
Waters et al also provide full detail
ing assessment tool.3

RATIONALE FOR RECOMMEND
A series of typical OR lifting tasks w
fied and evaluated using the RNLE t
their potential risk for causing lower
resulting from manual lifting of obje
of patient care. The RNLE is a tool t
the user to calculate the recommende
limit (RWL) for a specified two-hand
lifting task. In addition, the LI for th
calculated by dividing the actual wei
load lifted by the recommended weig

The RWL is the principal product
The RWL is defined for a specific
conditions as the weight of the loa
all healthy workers could perform
stantial period of time (eg, up to 8
out an increased risk of developin
related [low-back pain]. By health
mean workers who are free of adv
conditions that would increase the

Figure 2. Heavy instrument trays shoul
close to the body to reduce the risk of
hether musculoskeletal injury.2(p4)
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The concept behind the RNLE is t
a recommended weight that is consid
for an ideal lift (ie, load constant equ
[23 kg]) and then reduce the weight
becomes more stressful (ie, as the tas
factors become less favorable). The R
tion consists of a fixed load constant
which is reduced by factors related to
etry. The precise formulation of the R
calculating the RWL is based on a m
model that provides a weighting (ie,
for each of six task variables:

� horizontal distance of the load fro
worker (H),

� vertical height of the lift (V),
� vertical displacement during the l
� angle of asymmetry (A),
� frequency (F) and duration of lift
� quality of the hand-to-object coup

The weightings are expressed as coef
serve to decrease the load constant, w
sents the maximum RWL to be lifted
conditions. For example, as the horiz
tance between the load and the work
the RWL for that task would be redu
ideal starting weight.

The following list briefly describes
surements required to use the RNLE.
each of the task variables are present
Applications Manual for the Revised

ing Equation (see the section titled “
and using the data”).2

� H � “Horizontal location . . . mea
the mid-point of the line joining t
kle bones to a point projected on
directly below the mid-point of th
grasps (ie, load center), as defined
middle knuckle of the hand.”2(p14

measured in centimeters or inches
and the destination of the lift.

� V � Vertical location of the hand

floor. This is measured in centimeters o
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� D � Vertical travel distance of th
centimeters or inches between the
the destination of the lift.

� A � angular displacement of the
the worker’s sagittal plane. This i
in degrees at the origin and destin
lift.

� F � Average frequency rate of li
sured in lifts per minute. Duration
as follows: short (� 1 hour); mod
but � 2 hours); or long (� 2 but
it is assumed that appropriate reco
ances are included.2

� C � Quality of hand-to-object c
the quality of the interface betw
worker and the load being lifted
be described as good (ie, object
mal design that has handles or h
cutouts), fair (ie, object with ha
hand hold cutouts of less than o
sign), or poor (ie, containers of
with loose parts or irregular in s
that are hard to handle) dependi
type and location of the couplin
cal characteristics of the load, a
cal height of the lift.2

The term task variables refers to t
able task-related measurements that a
input data for the formula (ie, H, V,
whereas the term multipliers refers to
tion coefficients in the equation (ie, H
DM, AM, FM, CM). The recommend
limit formula is defined as follows: R

HM � VM � DM � AM � FM � C

(Table 1).
Lifting index is a term used to calc

relative estimate of physical stress le
ated with a particular manual lifting
estimate of the level of physical stres
by the relationship of the weight of t
r and the RWL.”2(p4) The LI is the load weight (L),
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the weight of the object lifted, divide
RWL, or LI � L/RWL.

According to NIOSH, the LI may
identify potentially hazardous lifting
compare the relative severity of two
purpose of evaluating and redesignin
the perspective of NIOSH, it is likely
tasks with an LI � 1.0 pose an incre
lifting-related lower back pain for so
of the workforce.3 Lifting jobs shoul
signed to achieve an LI of 1.0 or less
possible.

Some experts believe that worker
teria may be used to identify workers
perform potentially stressful lifting ta
ing tasks that would exceed an LI of
significantly increasing their risk of w
injury above the baseline level.2,3 Th
dorse the use of selection criteria bel
criteria must be based on research, em
servations, or theoretical consideratio
clude job-related strength testing and

TABLE 1. Multipliers for Recomm

Multiplier

LC � Load constant � 23 k
HM � Horizontal multiplier � (25
VM � Vertical multiplier � 1 �

DM � Distance multiplier � .82
AM � Asymmetric multiplier � 1 �

FM � Frequency multiplier � Ave
lo
d
a
R

CM � Coupling multiplier � Goo
3

Fair
V

Poo
in

*RWL � LC � HM � VM � DM � AM � FM � CM
1. Waters T, Garg A, Putz-Anderson V. Applications
Department of Health and Human Services, National
capacity testing.2
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without
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“Informal” or “natural” selection o
may occur in many jobs that require
lifting tasks. According to some expe
result in a unique workforce that may
work above an LI of 1.0, at least in t
out substantially increasing their risk
back injuries above the baseline rate
Even these experts agree, however, t
workers will be at significant risk for
injury when performing highly stress
tasks (ie, lifting tasks that would exc
of 3.0).2

To provide a better understandin
tionale for the development of the R
LI, the Revised NIOSH Equation fo
and Evaluation of Manual Lifting T
cludes a discussion of the criteria u
the lifting equation and of the indiv
pliers and identifies both the assum
the uncertainties in the scientific stu
associate manual lifting and lower
ries.3 For more detailed information

d Weight Limit Calculations*

Metric US Custom

51 lb
(10 inches/H)

|V � 75|) 1 � (.0075 |V � 30|)
/D) .82 � (1.8/D)
A) 1 � (.0032A)

umber of lifts per minute, the vertical
of the hands at origin, and the
of the lifting. A frequency table is
in Applications Manual for the

NIOSH Lifting Equation.1

� 1.00 if VM � 30 inches or VM �

s
0.95 if VM � 30 inches or 1.00 if

0 inches
0.90 if VM � 30 inches or � 30

Good CM � 1.00 if V
VM � 75 cm

Fair CM � 0.95 if VM
1.00 if VM � 75 cm

Poor CM � 0.90 if VM
� 75 cm

for the Revised NIOSH Lifting Equation. NIOSH Publication No. 94-110. Cinc
for Occupational Safety and Health; 1994.
ende

g
cm/H)
(.003
� (4.5
(.0032

rage n
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uration
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evised
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.
Manual
Institute
to use the RNLE, readers should consult the
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Applications Manual for the Revise

Lifting Equation.2

OR CLINICAL LIFTING CONSIDE
There may be special circumstances
necessities that require lifting or ca
jects that are too heavy to lift manu
these cases, manual lifting should b
by using a cart to move the object
possible to its destination (Figure 3
sliding the object rather than lifting
not possible, it may be necessary to
with the lift from another coworker
it is important to keep the object to
an optimal vertical height so that th
does not have to bend or twist his o
to move the object. A guideline for
ing has been developed by NIOSH
useful for helping to address proble
tasks in health care facilities.4 The
guideline provides useful informatio
range of example solutions for redu

Figure 3. Manual lifting of heavy instru
should be avoided by using a cart to tr
them.
of manual lifting.
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SUMMARY
Lifting of heavy supplies and equipm
formed frequently in the OR. The ex
reaches and high weights involved in
require large muscle forces that can c
sive loads on the soft tissues of the s
shoulder joints. These forces are larg
cause damage to musculoskeletal tiss
could result in severe lower back or
and could lead to permanent disabilit
portant, therefore, to determine which
be safe to perform manually and whi
performed with the use of technology
patient transfer devices or other ergo
ment. This ergonomic tool provides a
for making such a determination. As
ergonomic tools, however, caregivers
tinue to rely on their professional exp
when making decisions about their u

Editor’s note: The findings and conc
this report are those of the authors a
necessarily represent the views of the
Institute for Occupational Safety and
the Veterans Health Administration.

References
1. Marras WS. The Working Back: A System

Hoboken, NJ: John Wiley and Sons, Inc;
2. Waters T, Garg A, Putz-Anderson V. Ap

ual for the Revised NIOSH Lifting Equat
Publication No. 94-110. Cincinnati, OH:
Health and Human Services, National Ins
pational Safety and Health; 1994.

3. Waters TR, Putz-Anderson V, Garg A, F
NIOSH equation for the design and evalu
lifting tasks. Ergonomics. 1993;36(7):749

4. Cheung Z, Felletto M, Galante J, Waters T
Guideline for Manual Material Handling. D
Publication No. 2007-131. Cincinnati, OH:
tute for Occupational Safety and Health; 20

Thomas Waters, PhD, CPE, is a se
search safety engineer at the Nation
for Occupational Safety and Health,
OH. Dr Waters has no declared affi
could be perceived as posing a pote

trays
rt
flict of interest in the publication of this article.



a
ent S

eter
L. M
that c
onflic
ticle.

jury
ral Ho
ed af
ng a
ation

s a pr

on has no
rceived as
t in the

is a chief
e for re-
ch and
h and De-
ce and
s at the
edical Cen-
eclared
s posing a
ublication

LIFTING AND CARRYING SUPPLIES AND EQUIPMENT www.aornjournal.org
Andrea Baptiste, MA(OT), CIE, is
biomechanist/ergonomist at the Pati
Center of Inquiry, James A. Haley V
Affairs Medical Center, Tampa, F
Baptiste has no declared affiliation
be perceived as posing a potential c
interest in the publication of this ar

Manon Short, RPT, CEAS, is an in
vention coordinator at Tampa Gene
Tampa, FL. Ms Short has no declar
tion that could be perceived as posi
tial conflict of interest in the public
article.

Lori Plante-Mallon, RN, CNOR, i
afety
ans
s
ould
t of

pre-
spital,

filia-
poten-
of this

imary

tal, Rochester, NY. Ms Plante-Mall
declared affiliation that could be pe
posing a potential conflict of interes
publication of this article.

Audrey Nelson, PhD, RN, FAAN,
nurse and director of nursing servic
search in the Health Science Resear
Development/Rehabilitation Researc
velopment at the Center of Excellen
Maximizing Rehabilitation Outcome
James A. Haley Veterans Affairs M
ter, Tampa, FL. Dr Nelson has no d
affiliation that could be perceived a
potential conflict of interest in the p
nline

y visiting
ccess to
e your
E articles

every
American
sports service nurse at Strong Memorial Hospi- of this article.

Earn Your Continuing Education Contact Hours O

AORN Journal continuing education (CE) contact hours can now be earned only b
the Periop CE Center at www.aorn.org/CE. The online platform allows you fast a

all current CE articles, as well as the ability to read the article, take the test, se
results, and print your certificate all in one convenient location. AORN Journal C

cover a broad range of clinical and management topics. New articles are posted
month. AORN is accredited as a provider of continuing nursing education by the

Nurses Credentialing Center on Accreditation.
AORN Journal 179

http://www.aorn.org/CE


Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


	c.00940002_11006077.pdf
	00940002_11006077.pdf
	Lifting and Carrying Supplies and Equipment in the Perioperative Setting
	Biomechanics of lifting
	Ergonomic tool 6
	Rationale for recommendations
	OR Clinical lifting considerations
	Summary
	References






