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Pushing and pulling equipment in and around the OR can place high s
demands on perioperative team members’ shoulder and back muscles a
These high forces may lead to work-related musculoskeletal disorde
Ergonomic Tool 7: Pushing, Pulling, and Moving Equipment on Wheel
perioperative team members assess the risk of pushing and pulling ta
perioperative setting. The tool provides evidence-based suggestions ab
assistive devices should be used for these tasks and is based on cur
nomic safety concepts, scientific evidence, and knowledge of effectiv
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TABLE 2. Measured Push Force for OR Equipment

Force in newtons,
measured in 5 trials Mean force

Item Type of force 1 2 3 4 5 Newtons Pounds

Electrosurgical unit Initial 30 35 35 30 30 32.0 7.2
Sustained 10 10 10 10 10 10.0 2.2
Initial (wheels turned) 40 35 37.5 8.4

OR stretcher, unoccupied Initial 62 70 65 75 68.0 15.3
Sustained 20 20 25 25 25 23.0 5.2
Initial (wheels turned) 113 110 111.5 25.1

OR stretcher, occupied,
300 lb

Initial 120 120 120 115 120 119.0 26.8
Sustained 30 35 30 40 40 35.0 7.9
Initial (wheels turned) 210 180 195.0 43.8

Bed, unoccupied Initial 115 120 125 110 105 115.0 25.9
Sustained 30 25 30 25 27.5 6.2
Initial (wheels turned) 130 135 132.5 29.8

Bed, occupied, 300 lb Initial 170 160 167 135 155 157.4 35.4
Sustained 40 50 50 40 60 48.0 10.8
Initial (wheels turned) 230 215 222.5 50.0

OR bed, unoccupied Initial 218 275 245 280 270 257.6 57.9
Sustained 120 125 120 100 120 117.0 26.3
Initial (wheels turned) 270 275 272.5 61.3

OR bed, occupied, 300 lb Initial 425 432 445 405 325 406.4 91.4
Sustained 180 180 180 180.0 40.5
Initial (wheels turned) 485 515 500.0 112.4

Specialty OR bed,
unoccupied

Initial 175 182 190 260 200 201.4 45.3
Sustained 100 100 100 100.0 22.5
Initial (wheels turned) 305 315 310.0 69.7

Specialty OR bed,
occupied, 300 lb

Initial 365 290 320 305 305 317.0 71.3
Sustained 140 160 140 115 115 134.0 30.1
Initial (wheels turned) 560 545 552.5 124.2

Microscope Initial 62 75 80 75 75 73.4 16.5
Sustained 20 25 20 25 25 23.0 5.2
Initial (wheels turned) 125 120 122.5 27.5

Case cart, full Initial 62 108 75 108 88.3 19.8
Sustained 30 40 40 40 37.5 8.4
Initial (wheels turned) 122 115 118.5 26.6

Case cart, empty Initial 60 65 65 62 65 63.4 14.3
Sustained 40 30 35 40 35 36.0 8.1
Initial (wheels turned) 120 95 107.5 24.2

X-ray equipment, C-arm Initial 100 75 100 75 85 87.0 19.6
Sustained 20 25 25 25 25 24.0 5.4
Initial (wheels turned) N/A N/A N/A N/A

X-ray equipment, portable Initial 60 55 55 60 58 57.6 12.9
Sustained 25 30 30 30 30 29.0 6.5
Initial (wheels turned) N/A N/A N/A N/A
258 AORN Journal



ese in
othe

ual fo
ing p
the f

f thes
prof

rventi
t or

ure to these

lusions in
nd do not
Veterans

l Institute

from work in
f Labor Statis-
ub/ted/2008/dec/

bar spine forces
oor-based pa-
(3):384-397.
nual handling
ble weights and
3.
, Hughes N.

tement on safe
perative setting.
ent: Safe Patient

ive Setting. Den-

ty and Health,
nstitute for Oc-

guidelines for
H) Pub Nog req

Maximum
push

distance in
feet

� 200
� 200
� 200

� 200
� 200
� 200

� 200
� 200
� 200

� 200
� 200
� 200

peak for eels on the
rection o intain propulsion.

PUSHING, PULLING, AND MOVING EQUIPMENT ON WHEELS www.aornjournal.org
care professionals. For this reason, th
als should use Ergonomic Tool 7 and
nomic guidelines to evaluate the man
needed to perform physically demand
or pulling tasks to determine whether
required exceeds recommendations. I
are found to be excessive, health care
als should implement ergonomic inte
(eg, use of powered mobile equipmen

Figure 2. A simple device for measurin

TABLE 2. (continued) Measured

Item Type of fo

Video tower Initial
Sustained
Initial (wheels t

Ultrasonography unit Initial
Sustained
Initial (wheels t

Specialty equipment cart Initial
Sustained
Initial (wheels t

Linen cart Initial
Sustained
Initial (wheels t

Blank spaces � data were not obtained; initial force �
equipment were turned perpendicular to the desired di
pushing force.
dividu-
r ergo-
rces
ushing
orce
e forces
ession-
ons
pow-

ered tugger devices) to reduce expos
high spinal loads.

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

References
1. Musculoskeletal disorders and days away

2007. US Department of Labor Bureau o
tics. http://data.bls.gov/cgi-bin/print.pl/op
wk1/art02.htm. Accessed July 2, 2011.

2. Marras WS, Knapik GG, Ferguson S. Lum
during manoeuvring of ceiling-based and fl
tient transfer devices. Ergonomics. 2009;52

3. Snook S, Ciriello VM. The design of ma
tasks: revised tables of maximum accepta
forces. Ergonomics. 1991;34(9):1197-121

4. Nelson A, Waters T, Spratt D, Petersen C
Development of the AORN guidance sta
patient handling and movement in the perio
In: Petersen C, ed. AORN Guidance Statem
Handling and Movement in the Perioperat
ver, CO: AORN, Inc; 2007:5-9.

5. California Division of Occupational Safe
Research and Education Unit; National I
cupational Safety and Health. Ergonomic
manual material handling [DHHS (NIOSuired

Force for OR Equipment

Force in newtons,
measured in 5 trials Mean force

1 2 3 4 5 Newtons Pounds

35 40 40 35 35 37.0 8.3
15 20 20 15 20 18.0 4.0
60 65 62.5 14.1

35 40 45 45 40 41.0 9.2
20 20 25 20 20 21.0 4.7
55 55 55.0 12.4

105 90 120 125 145 117.0 26.3
25 30 30 25 25 27.0 6.1

165 185 175.0 39.3

50 70 55 55 65 59.0 13.3
20 25 20 25 20 22.0 4.9
75 70 72.5 16.3

ce to propel; initial force with wheels turned � the peak initial force when the wh
f travel; N/A � not applicable; sustained force � minimum force required to ma
Push

rce

urned)

urned)

urned)

urned)
2007-131]. Cincinnati, OH: US Department of Health

AORN Journal 259

http://data.bls.gov/cgi-bin/print.pl/opub/ted/2008/dec/wk1/art02.htm
http://data.bls.gov/cgi-bin/print.pl/opub/ted/2008/dec/wk1/art02.htm


Contr
tional
sh/doc
ugust

nior
al Ins
Cinc

liatio
ntial
this

, is th
esear
atien
Haley
a, FL
t cou

flict o
le.

an OR
ley Veter-
a, FL. Mr

tion that
tential
on of this

, is a chief
ice for re-

and De-
and De-

ence and
es at the
edical

s no de-
ceived as
est in the

September 2011 Vol 94 No 3 WATERS ET AL
and Human Services, Centers for Disease
Prevention, National Institute for Occupa
and Health; 2007. http://www.cdc.gov/nio
2007-131/pdfs/2007-131.pdf. Accessed A

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
flict of interest in the publication of

John D. Lloyd, PhD, MErgS, CPE
sociate director of Health Science R
Development Rehabilitation at the P
Safety Center of Inquiry, James A.
erans Affairs Medical Center, Tamp
Lloyd has no declared affiliation tha
perceived as posing a potential con
terest in the publication of this artic
260 AORN Journal
ol and
Safety
s/

5, 2011.

re-
titute
innati,
n that
con-

article.

e as-
ch &
t

Vet-
. Dr
ld be
f in-

Edward Hernandez, BSN, RN, is
nurse manager at the James A. Ha
ans Administration Hospital, Tamp
Hernandez has no declared affilia
could be perceived as posing a po
conflict of interest in the publicati
article.

Audrey Nelson, PhD, RN, FAAN
nurse and director of nursing serv
search in Health Science Research
velopment/Rehabilitation Research
velopment at the Center of Excell
Maximizing Rehabilitation Outcom
James A. Haley Veterans Affairs M
Center, Tampa, FL. Dr Nelson ha
clared affiliation that could be per
posing a potential conflict of inter
publication of this article.

http://www.cdc.gov/niosh/docs/2007-131/pdfs/2007-131.pdf
http://www.cdc.gov/niosh/docs/2007-131/pdfs/2007-131.pdf

	Pushing, Pulling, and Moving Equipment on Wheels
	Background
	Ergonomic Tool 7
	Recommendations
	Rationale and Calculations
	Conclusion
	References


