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Editor’s note: Ergonomic Tool #3 and related text in 
this guidance statement were updated in September 
2011 to reflect the revised Ergonomic Tool #3 pub-
lished in the AORN Journal (May 2011, Vol 93, No 5, 
page 591).

Description of the Problem

Perioperative registered nurses and the perioperative 
team are routinely faced with a wide array of occupa-
tional hazards in the perioperative setting that place 
them at risk for work-related musculoskeletal disor-
ders.1-3 Musculoskeletal disorders are injuries or dis-
orders of the muscles, nerves, tendons, joints, carti-
lage, or spinal discs associated with actions such as 
overexertion, repetitive motion, and bodily reac-
tion.4,5 The US Department of Labor does not include 
injuries caused by slips, trips, falls, motor vehicle 
accidents, or similar accidents in their definition of 
musculoskeletal disorders.4 Musculoskeletal disor-
ders are one of the most frequently occurring and 
costly types of occupational issues affecting 
nurses.2,6,7 More than a third (ie, 36%) of the musculo-
skeletal injuries that nurses reported requiring time 
away from work were back injuries.8 Among the 
nurses working in the private sector, nearly 9,000 had 
back injuries.8,9 One study revealed that 12% of 
nurses planning to leave the profession indicated that 
back injuries were either a primary or contributing 
factor to their decision.10 While back injuries are one 
of the most common occupational injuries in the 
health care industry, injuries of the shoulder and 
neck were more likely to prevent nurses from per-
forming their work than low back pain.10-13 The US 
Department of Health and Human Services report on 
nursing identified concern for personal safety in the 
health care environment as the reason given by 
18.3% of nurses for leaving the profession.14

When the worker’s physical ability, task, work-
place environment, and workplace culture are not 
compatible, there is an increased risk of a musculo-
skeletal disorder.1,2,15 The connection between physi-
cal risk factors and musculoskeletal disorders is 
greater when exposures are intense and prolonged 
and when several occupational risk factors are pres-
ent at the same time.16 Examples of physical stressors 
encountered in health care include

• forceful tasks, 
• repetitive motion, 
• awkward posture, 
• static posture, 
• moving or lifting patients and equipment,
• carrying heavy instruments and equipment, and
• overexertion.1-3,11,12,14,17-26 

The perioperative setting poses unique challenges 
related to the provision of patient care and comple-
tion of procedure-related tasks. This highly technical 
environment is equipment intensive and necessitates 
the lifting and moving of heavy supplies and equip-
ment during the perioperative team member’s work 
period. Many of the patients having surgical or other 
invasive procedures are completely or partially 
dependent on the caregivers due to the effects of gen-
eral or regional anesthesia or sedation. Patients who 
are unconscious cannot move, sense discomfort, or 
feel pain, and they must be protected from injury. 
This may require the perioperative team to manually 
lift the patient or the patient’s extremities several 
times during a procedure. The following are among 
the high-risk tasks specific to perioperative nurses 
identified that will be addressed in the following dis-
cussion of ergonomic tools: 

• transferring patients on and off OR beds,2 
• repositioning patients in the OR bed,2

• lifting and holding the patient’s extremities,2

• standing for long periods of time,2

• holding retractors for long periods of time,2

• lifting and moving equipment,2 and
• sustaining awkward positions.
Transferring, lifting, and handling patients has been 

identified as the most frequent precipitating trigger of 
back and shoulder problems in nurses.2,27 Certain 
patient handling tasks (eg, patient transfers) have been 
identified as high risk for musculoskeletal injuries to 
health care workers.27 Lifting and moving patients is a 
frequent activity in the perioperative setting; for exam-
ple, caregivers transfer patients to and from transport 
carts (eg, stretchers) and the OR bed many times dur-
ing a typical work shift. 

Health care providers often reposition patients once 
they are on the OR bed to provide appropriate expo-
sure of the surgical site. This high-risk activity requires 
team members to physically lift and maneuver the 
patient or a patient’s extremity while simultaneously 
placing a positioning device. The patient’s weight may 
not be evenly distributed; the extremity’s mass may be 
bulky and asymmetric, and it may be difficult to hold 
the extremity close to the health care provider’s body 
during positioning maneuvers.28 Additionally, concern 
for the patient’s airway, maintaining his or her body 
alignment, and supporting the extremities may make it 
difficult for team members to position themselves in an 
ergonomically safe position, thus exacerbating physical 
demands. 

Several unique aspects of high-risk patient han-
dling tasks associated with prepping a patient’s limb 
have been identified.29 Preparing an extremity for sur-
gery generally requires it to be elevated to allow com-
plete circumferential skin preparation. The limb can 
be suspended by a person holding the limb or by 
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placing the limb in a holding device. In some 
instances, the limb may be held manually during the 
entire skin prep while a second person performs the 
skin prep. The person performing the skin prep may 
also hold the limb if the limb is small or if only the 
distal portion needs to be prepped. To maintain asep-
sis, the person lifting the extremity is forced to hold 
the limb extended away from his or her body. The size 
of the limb, length of prep time, posture necessary to 
hold the extremity, and the physical capability of the 
person holding the limb all contribute to the ability of 
the caregiver to safely suspend the limb for the 
required prep. The following questions should be con-
sidered when determining how to safely raise and hold 
a limb. 

• Does the limb need to be raised for the entire sur-
gical skin prep?

• Does the limb need to be lifted by scrubbed or 
unscrubbed personnel?

• Is the person holding the limb strong enough to 
perform the task?

• Is there an alternative practice that can be 
adopted?

• Is there equipment that could be used to support 
the task?

• Is it possible to hold a heavy limb safely without 
risk of injury to the nurse or the patient?29

Perioperative registered nurses are prone to pain 
and fatigue from static posture during surgical proce-
dures. The entire perioperative team spends a signifi-

cant amount of time on their feet during the course of a 
shift; however, sterile perioperative team members 
may be required to stand for much longer periods of 
time. The sterile team members must maintain the 
integrity of the sterile field, which precludes them 
from changing levels. They should not alternate 
between sitting in a chair that is lower than the sterile 
field and a standing position. Acute and chronic back, 
leg, and foot pain are frequent complaints resulting 
from standing in one place for long periods of time. 
The following factors should be considered during sur-
gical or other invasive procedures. Are the sterile 
members of the team

• at the appropriate height for the level of the OR 
bed?

• adopting awkward positions to work effectively?
• positioned in close proximity to the patient to 

perform required tasks? 
• stretching and relaxing muscles regularly?29

Perioperative nurses and other perioperative person-
nel are frequently required to push or pull heavy equip-
ment (eg, OR beds, portable microscopes, video carts). 
This equipment is very expensive and often must be 
shared between several individual operating rooms. 
Unoccupied OR beds are very heavy and difficult to 
move. Moving an occupied OR bed is not recom-
mended because the risk of injury increases for both the 
worker and the patient. 

Perioperative personnel and central processing per-
sonnel are frequently required to carry sets of surgical 
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instruments. Instrument set weights vary and may weigh 
as much as 40 pounds. Instrument trays are wrapped 
with impervious nonwoven material or contained in a 
ridged container system. Both packaging methods can 
present lifting and carrying problems. Wrapped instru-
ment sets that are too heavy may pose an additional prob-
lem because they have no handles and are awkward to 
carry. Rigid container systems often have handles that 
make carrying easier, but the weight of the container 
itself adds to the total weight of a full tray. In an effort to 
keep costs down and conserve storage space, instrument 
trays may be inappropriately prepared and too heavy to 
lift or carry safely. Instrument sets that are flash sterilized 
require staff members to aseptically remove the hot trays 
from the sterilizer. The weight of these trays and the 
height of the person removing them from the sterilizer in 
relation to the height of the sterilizer chamber contribute 
to the degree of risk to that individual. 

The consequences of musculoskeletal disorders are 
severe. Employees who experience pain and fatigue are 
less productive and attentive, more prone to make mis-
takes, more susceptible to further injury, and may be more 
likely to affect the health and safety of others. Nurses suf-
fering from disabling back injuries or the fear of getting 
injured have contributed to the number of nurses leaving 
the profession, thus increasing the nursing shortage. 
Workplaces with high incidences of musculoskeletal dis-
orders report increases in lost or modified workdays, 
higher staff member turnover, increased costs, and 
adverse patient outcomes.14,29,30

Description of the Process

The 2005–2006 Workplace Safety Task Force was 
charged by AORN President Sharon McNamara, RN, 
MS, CNOR, to prepare a guidance document for ergo-
nomically healthy workplaces. In addition, the task 
force was charged with forming a collaborative 
arrangement with the National Institute for Occupa-
tional Safety and Health (NIOSH) and the American 
Nurses Association (ANA) to work together to discuss, 
design, and advance the agenda of healthy work sites 
for perioperative professionals, to include ergonomic 
safety. This document was developed by AORN with 
the assistance of a panel of experts from the Patient 
Safety Center of Inquiry, Tampa, Fla; the James A. 
Haley Veterans Administration Medical Center 
(VMAC); the NIOSH Division of Applied Research and 
Technology Human Factors and Ergonomics Research 
Team; and ANA.

Members of the task force examined current research, 
literature, and patient care practices to evaluate and make 
recommendations to promote patient and caregiver safety 
when performing activities in a perioperative setting. 
While there are several high-risk tasks specific to perioper-
ative nurses, the task force identified seven key activities 
as the starting point for developing recommendations. 
Some of these recommendations are based upon current 
technology that can be immediately implemented. Others, 
such as use of ceiling lifts in operating rooms, are in devel-
opment or are projected patient handling innovations. 

This group will continue to examine what is available and 
encourage manufacturers to develop new and innovative 
technologies to achieve the optimal safety of the patient 
and the caregiver. Development of this equipment is criti-
cal for successful implementation of these ergonomic 
tools.

The ergonomic tools developed for this guidance doc-
ument are based on previous work by Audrey Nelson, 
PhD, RN, FAAN; experts within the Veterans Adminis-
tration (VA); and nationally recognized researchers.28 The 
ergonomic tools for safe patient handling and movement 
have been designed with the goal of eradicating job-
related musculoskeletal disorders in perioperative 
nurses. The ergonomic tools and algorithms were devel-
oped based on professional consensus and evidence 
from research. Plans are underway for pilot tests in sev-
eral facilities.

Ergonomic Tool #1: Lateral Transfer From 
Stretcher To and From the OR Bed

Transferring a patient to and from the OR bed is one of 
the first actions of the perioperative team. The AORN 
“Recommended practices for positioning the patient in 
the perioperative practice setting” recommends that the 
perioperative registered nurse perform a preoperative 
assessment for patient-specific positioning needs.31 
Based on that assessment and using Ergonomic Tool #1, 
the patient will be transferred to and from the OR bed in 
an ergonomically safe manner.

*Calculation of Design Goal

To accommodate the design goal of 75% of the US adult female 

working population, maximum load for a one-handed lift is cal-

culated to be 11.1 lb (5.0 kg), assuming a worst-case scenario 

where the patient load may be handled at full arm’s length. This 

is determined by calculating the strength capabilities for the 25th 

percentile US adult female maximum shoulder flexion moment 

(25th percentile strength = 31.2 Nm, based on mean of 40 Nm 

and standard deviation of 13 Nm, therefore 25th percentile = 

31.2 Nm)35 and the 75th percentile US adult female shoulder to 

grip length (75th percentile length = 630 mm, based on mean of 

610 mm and standard deviation of 30 mm).36 Therefore, maxi-

mum one-handed lift is calculated as 31.2 Nm divided by 0.63 m, 

which equals 49.5 N, or 11.1 lb.

Maximum load (for one person) for a two-handed lift (22.2 

lb/10.1 kg) is calculated as twice that of a one-handed lift. Accord-

ing to Rohmert, muscle strength capabilities diminish as a function 

of time.37 Therefore, maximum loads for two-handed holding of body 

parts are presented for one-, two-, and three-minute durations. After 

one minute, muscle endurance has decreased by 48%; by 65% 

after two minutes; and after three minutes of continuous holding, 

strength capability is only 29% of initial lifting strength.
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Supine to Prone Transfer
Assuming that one caregiver or anesthesia care pro-
vider supports the patient’s head and neck during 
supine to prone transfers, the patient’s remaining body 
mass equals 91.6% of his or her total body mass.32 
Using the approach for lifting and holding, a maximum 
two-handed load to achieve 75% US adult female 
design goal equals 22.2 lb (10.1 kg).* Typically one of 
the four caregivers moving a patient is the anesthesia 
care provider who maintains the airway and supports 
the patient’s head. Two caregivers plus the anesthesia 
care provider can safely transfer a patient weighing up 
to 48.5 lb (22.0 kg) from supine to prone position. 
Three caregivers, plus an anesthesia care provider, can 
safely transfer a patient weighing up to 72.7 lb (33.0 
kg). If the patient’s weight is greater than 73 lb, it is 
necessary to use assistive technology and a minimum 
of three to four caregivers. Although this has been 
identified as a gap in technology, a mechanical device 
is preferable for this task and should be developed.

Supine to Supine Transfer
The desirable approach for lateral transfer of a patient 
involves use of a lateral transfer device (eg, friction-
reducing sheets, slider board, and air-assisted transfer 
device). If only a draw sheet is used without a lateral 
transfer device, the care provider exerts a pull force up 
to 72.6% of the patient’s weight.33 Assuming that one 
caregiver or anesthesia care provider supports the 
patient’s head and neck to maintain the airway during 
lateral transfers, the remaining mass of the patient’s 
body equals 91.6% of his or her total body mass.32 
Research indicates that for a pulling distance of 6.9 ft 
(2.1 m) or less, where the pull point (ie, starting point 
for the hands) is between the caregiver’s waist and nip-
ple line, and the task is performed no more frequently 
than once every 30 minutes, the maximum initial force 
required equals 57 lb (26 kg) and the maximum sus-
tained force needed equals 35 lb (16 kg).34 Therefore, 
each caregiver can safely contribute a pull force 
required to transfer up to 48 lb (35 lb/0.726 as refer-
enced above). For one caregiver, plus the anesthesia 
care provider, maximum patient weight equals 52.6 lb 
(48 lb/0.916 as referenced above). Two caregivers plus 
the anesthesia care provider can safely transfer a 
patient up to 104.8 lb ([48 x 2]/0.916 as referenced 
above). Three caregivers plus the anesthesia care pro-
vider can safely transfer a patient up to 157.2 lb ([48 x 
3]/0.916 as referenced above). If the patient is > 157 lb, 
use an appropriate mechanical lifting device—ie, 
mechanical lift with supine sling, mechanical lateral 
transfer device, or air-assisted lateral transfer device—
and a minimum of three to four caregivers.

Ergonomic Tool #2: Positioning and 
Repositioning the Patient on the OR Bed Into 
and From the Supine Position 

The AORN “Recommended practices for positioning 
the patient in the perioperative practice setting” 
require that “the perioperative nurse should actively 
participate in monitoring patient body alignment and 
tissue integrity based on sound physiologic princi-
ples.” It further states, “an inadequate number of per-
sonnel and equipment can re sult in patient injury.”31 
Ergonomic Tool #2 provides evidence-based guidelines 
to assist the perioperative registered nurse and other 
team members to position and reposition the patient on 
the OR bed in a safe manner for the patient and the 
team.

Moving the Patient Into and  
Out of a Semi-Fowler Position
The mass of a patient’s body from the waist up, includ-
ing the head, neck, and upper extremities, equals 
68.6% of the patient’s total body weight.32 Added to 
this is the estimated weight of the equipment (20 lb/9.1 
kg). To accommodate at least 75% of the US adult 
female working population, the maximum load for a 
two-handed lift is 22.2 lb (10.1 kg). This is determined 
based on 25th percentile US adult female shoulder 
strength capabilities35 and 75th percentile US adult 
female arm length.36 Therefore, three caregivers 
together could lift up to 66.6 lb (10.3 kg), which 
equates to a 68-lb (30.1 kg) patient.‡ Mechanical 
devices and a minimum of three caregivers are prefera-
ble if the patient weighs more than 68 lb. An example 
of an appropriate mechanical device is the automatic 
semi-Fowler positioning feature of an electric OR bed. 
Further research to address gaps in technology is 
recommended. 

Positioning the Patient Into and  
From the Lateral Position
Positioning or repositioning a patient into or out of a lat-
eral position involves push/pull forces rather than lifting 
forces. Assuming that one caregiver or anesthesia care 
provider supports the patient’s head and neck during lat-
eral positioning, the patient’s remaining body mass 
equals 91.6% of total body mass.32 Based on the Liberty 
Mutual tables (see Table 3 under Ergonomic Tool #7) for 
a pulling distance of 6.9 ft (2.1 m) or less, with a pull 
point (ie, starting position of the hands) between the 
caregiver’s waist height and nipple line, performed no 
more frequently than once every 30 minutes, maximum 
initial force equals 57 lb (26 kg), and maximum sus-
tained force equals 35 lb (16 kg).34 Therefore, two care-
givers, plus an anesthesia care provider maintaining the 

‡Maximum patient weight = (Maximum 2-handed lift (22 lb) x 3 caregivers) – equipment weight (20 lb) = 68 lb

                (68 lb)                                             Percentage of patient weight above the waist (0.686)
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patient’s  airway, can safely position a patient weighing 
up to 76 lb (34.5 kg) (35 lb x 2 care providers/0.916 as 
referenced above). Three caregivers plus an anesthesia 
care provider can safely position a patient weighing up 
to 115 lb (52.2 kg) (35 lb x 3 care providers/0.916 as ref-
erenced above). If the patient’s weight exceeds 115 lb, 
lateral positioning devices are needed. Further research 
is needed to enhance technology to address this task. 

Positioning the Patient Into and  
From the Lithotomy Position
When lifting and holding body parts, the maximum 
load for a two-handed lift is 22.2 lb (10.1 kg). Each 

complete lower patient extremity, including thigh, calf, 
and foot, weighs 15.7% of the patient’s total body 
mass. Therefore, one caregiver can safely perform this 
task if the patient weighs 141 lb (64.1 kg) or less 
because each leg is estimated to be less than 22.2 lb.33

Caregivers attempting to lift the patient’s legs using 
two hands can each safely lift one leg for patients 
weighing less than 141 lb. Patients weighing more than 
141 lb require assistive technology or four caregivers 
(ie, two to lift each leg). A mechanical device such as 
support slings can be used to lift the legs to and from 
the lithotomy position. Further research is needed to 
enhance availability of technology to address this task.
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Ergonomic Tool #3: Lifting and Holding Legs, 
Arms, and Head for Prepping in a Perioperative 
Setting

Introduction
AORN’s “Recommended practices for skin preparation 
of patients” states that “when indicated, the surgical 
site and surrounding area should be prepared with an 
antiseptic agent. The prepared area of skin and the 
drape fenestration should be large enough to accom-
modate extension of the incision, the need for addi-
tional incisions, and all potential drain sites.”38 To 
accomplish this task, a member of the perioperative 
team may need to hold the extremity so that the appro-
priate body part is prepared in the required manner. 

Ergonomic Tool #3 shows the calculations for aver-
age weight for an adult patient’s leg, arm, and head as a 
function of whole body mass, ranging from slim to mor-
bidly obese body type. Weights are presented both in 
US (lb) and metric (kg) units. Maximum lift and hold 
loads were calculated based on 75th percentile shoul-
der flexion strength and endurance capabilities for US 
adult females, where the maximum weight for a one-
handed lift is 11.1 lb and a two-handed lift, 22.2 lb. 

The shaded areas of the table indicate whether it 
would be acceptable for one caregiver to lift the listed 

body parts or hold the respective body parts for 0, 1, 2, 
or 3 minutes with one or two hands. Respecting these 
limits will minimize risk of muscle fatigue and the 
potential for musculoskeletal disorders. Perioperative 
registered nurses must use clinical judgment to assess 
the need for additional staff member assistance or 
assistive devices to lift and/or hold one of these body 
parts for a particular period of time.

Rationale and Calculations for 
Ergonomic Tool #3
Note: These are guidelines for the average weight of 
the leg, arm, and head based upon the patient’s 
weight. Nurses should use their clinical judgment to 
assess the need for additional staff member assistance 
or assistive devices to lift and/or hold one of these 
body parts for a particular period of time. The maxi-
mum weight for a one-handed lift is 11.1 lb and for a 
two-handed lift, 22.2 lb. 

Patient weight is divided into 10 categories, ranging 
f rom very  l ight  (≤  40  lb )  to  very  heavy  
(> 440 lb). Normalized weight for each leg, each arm, 
and the patient’s head is calculated as a percentage of 
total body weight, where each complete lower extrem-
ity represents 15.7% of total body mass, each upper 
extremity (ie, upper arm, forearm, hand) represents 
5.1% of total body mass, and the combination of head 
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and neck represents 8.4% of total body mass.32 All 
weights are presented in both pounds and kilograms, 
rounded to the nearest whole unit.

To accommodate 75% of the US adult female working 
population, maximum load for a one-handed lift is cal-
culated to be 11.1 lb (5.0 kg). This is determined by cal-
culating the strength capabilities for 25th percentile US 
adult female maximum shoulder flexion moment (the 
mean equals 40 Newton meters; standard deviation 
equals 13 Nm)35 and 75th percentile US adult female 
shoulder to grip length (the mean equals 610 mm, the 
standard deviation equals 30 mm).36 Maximum loads for 
one person for a two-handed lift (ie, 22.2 lb/10.1 kg) are 
calculated as twice that of a one-handed lift. Muscle 
strength capabilities diminish as a function of time; 
therefore, maximum loads for two-handed holding of 
body parts are presented for 1, 2, and 3 minute dura-
tions.37 After 1 minute, muscle endurance has decreased 
by 48%, decreasing by 65% after 2 minutes, and after 3 
minutes of continuous holding, strength capability is 
only 29% of initial lifting strength. If the limits in Ergo-
nomic Tool #3 are exceeded, additional staff members or 
assistive limb holders should be used.

Ergonomic Tool #4: Prolonged Standing 

Perioperative team members who are scrubbed or first 
assisting for long periods of time may be susceptible to 
injuries caused by static load.39-44 Prolonged standing, 
trunk flexion, and neck flexion are all components of 
static load.45,46 Ergonomic Tool #4 assists perioperative 

team members to take protective action to decrease the 
stress caused by prolonged standing. 

Ergonomic Tool #5: Retraction

Sterile perioperative team members or those performing 
in the role of first assistant may be required to hold 
retractors or body parts for long periods of time, in 
addition to standing for long periods of time. Manual 
retraction used to provide exposure of the operative site 
for the surgeon often requires first assistants to stand in 
an awkward posture for long periods of time to grip and 
pull a retractor or to use their hands to retract or steady 
organs (eg, heart). The height of the surgical field in 
relation to the person providing retraction influences 
the risk for musculoskeletal injury.47 Prolonged stand-
ing, trunk flexion, neck flexion, and arms held higher 
than the optimal working height place perioperative 
team members at risk for a musculoskeletal injury. 

Ergonomic Tool #6: Lifting and  
Carrying Supplies and Equipment

Members of the perioperative team may need to lift and 
carry many different types of unsterile and sterile sup-
plies, instrument trays, and equipment. This tool is 
intended to assist caregivers in evaluating these tasks and 
taking measures to protect themselves. Information from 
Association for the Advancement of Medical Instru-
mentation, the organization that sets standards for 
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safety and efficacy of medical instrumentation, recom-
mends that instrument trays weigh a maximum of 25 lb.48 

Manual lifting and carrying of objects is physically 
demanding and may place the worker at substantial risk 
of low back pain. The NIOSH has developed an equa-
tion for calculating the recommended weight limit and 
lifting index for assessing the physical demands of man-
ual lifting tasks.49,50 A description of the NIOSH lifting 
equation is presented in the section entitled “Other 
background materials.”

Typical lifting tasks performed by perioperative 
nurses were identified and evaluated for potential risk 
of low back pain due to manual lifting using the 
Revised NIOSH Lifting Equation (RNLE). Ergonomic 
Tool #6 lists the lifting index values for these tasks. 

According to NIOSH, tasks with a lifting index value 
greater than 1.0 place some workers at risk of low back 
pain and a lifting index value greater than 3.0 places 
many workers at risk of low back pain. In a subsequent 
study that examined the effects of the NIOSH lifting 
index as a predictor, the risk of back pain increases 
when the lifting index exceeds 2.0.51 As can be seen in 
the table, tasks with a lifting index value less than 1.0 
can easily be performed manually. For those tasks with 
a lifting index value greater than 1.0, however, caution 
should be used. Alternate handling procedures may 
help reduce risk of low back pain due to lifting these 
objects. The list is not all inclusive; the NIOSH equation 
can be used to calculate a lifting index value for other 
two-handed manual lifting tasks not on the list.50

Table 1.  DaTa UseD To calcUlaTe The NIosh lIFTINg INDex ValUes For TypIcal ITeMs lIFTeD IN The or
Lifting task Weight Horizontal  

distance (inches)
Vertical location-

origin (inches)
Vertical location-

destination 
(inches)

Distance  
carried (feet)

Lifting index

3000 cc IV bags 
irrigation fluids

2.5 lb 6 in 42 in 30 in 49–118 ft < 0.2

Sand bags 10.5 lb 12 in 30 in 32 in 20 ft 0.3

Linen bags 15 lb 6 in 
Set = 10 in

Floor 
Set = 0 in

42 in 140–251 ft 0.4

Lead aprons 16 lb 13 in 36 in 36 in N/A 
on cart

0.4

Custom sterile 
packs (heart or 
spine)

12.4 lb 18 in 23 in 32 in 0.5

Garbage bags 
(full)

23.6 lb 6 in 
Set = 10 in

Floor 
Set = 0 in

42 in 140–251 ft 0.7

Positioning 
devices off shelf 
or rack (stirrups)

17 lb each (2 stir-
rups would be 34 
lb)

18 in 36 in 36 in 0.7

Positioning 
de vices off shelf 
or rack (gel pads)

8–25 
Set to 25 lb

18 in 36 in 36 in 5–10 ft 0.9

Hand table (49” x 
28”); largest hand 
table, used 
infrequently

15–27 lb 
Set to 27 lb

20 in 43 in 32 in 49–118 ft 1.2

Fluoroscopy 
board  
(49” x 21”)

26 lb 20 in 43 in 32 in 49–118 ft 1.2

Stirrups (2, one in 
each hand)

34 lb 18 in 36 in 36 in 1.4

Wilson frame 27 lb 32 in 31.5 in 32 in 49–118 ft 1.4

Irrigation 
 containers for 
lithotripsy (12,000 
mL)

0–50 lb 
Set to 50 lb

6 in 
Set = 10

63 in 
(top shelf)

N/A 
Housekeeping 
places in bags 
Set to 33 in

49–118 ft 1.5

Instrument pans 3–38 lb 
Set to 38 lb

19 in 6–50 in 
Set to 6 in

Varies 
Set to 34 in

5–10 ft 2.0



564

Safe Patient Handling

Note: Assistive devices include adjustable-height lift 
tables, rolling carts, two-wheeled carts, dollies, or 
mechanical transport devices.

Rationale and Calculations for  
Ergonomic Tool #6
A series of typical operating room lifting tasks were 
identified and evaluated with the NIOSH Lifting Equa-
tion (NLE) for potential risk of low back pain due to 
manual lifting of objects in support of patient care (see 
Table 1). The NLE is a tool for assessing manual lifting 
of objects that allows the user to calculate the recom-
mended weight limit for a specified two-handed man-
ual lifting task. In addition, the lifting index for the 
task can be calculated by dividing the actual weight of 
the load lifted by the recommended weight limit (for 
details, see “Other background material”). 

Ergonomic Tool #7: Pushing, Pulling, and 
Moving Equipment on Wheels

Introduction
Case preparation is a combination of many activities. 
The movement of patients, supplies, and equipment 
in and out of the OR contributes to physical stress 

and should be performed based on scientific evi-
dence. The recommendations in Ergonomic Tool #7 
are a result of research done by task force members 
and include some, but not all, of the necessary activi-
ties undertaken to prepare for a case. 

Pushing forces were measured for equipment listed 
in the following table. Maximum pushing distances 
were determined based on Liberty Mutual’s psycho-
physical limits. All results are presented in both US 
and metric units.

Based on these results, it is clear that pushing an 
occupied standard hospital bed or standard or spe-
cialty OR beds, whether occupied or not, presents a 
moderate to high risk of injury to the caregiver. For 
these situations it is strongly recommended that a min-
imum of two caregivers participate in the transport 
task, or ideally, that a powered transport device is 
used.

Recommendations
The recommendations in Ergonomic Tool #7 are based 
on Liberty Mutual’s psychophysical limits for push 
forces, where hands are positioned at a middle push 
point of 3 ft (0.92 m) from the floor or above and task is 
performed no more frequently than once every 30 
minutes.34

ergoNoMIc Tool #7.  recoMMeNDaTIoNs For pUshINg, pUllINg, aND MoVINg eqUIpMeNT oN Wheels
OR equipment Pushing Max push 

distance ft/(m)
Ergonomic 

recommendation

Electrosurgery unit 8.4 lbF (3.8 kgF) > 200 ft (60 m)

Ultrasound 12.4 lbF (5.6 kgF) > 200 ft (60 m)

X-ray equipment portable 12.9 lbF (5.9 kgF) > 200 ft (60 m)

Video towers 14.1 lbF (6.4 kgF) > 200 ft (60 m)

Linen cart 16.3 lbF (7.4 kgF) > 200 ft (60 m)

X-ray equipment, C-arm 19.6 lbF (8.9 kgF) > 200 ft (60 m)

Case carts, empty 24.2 lbF (11.0 kgF) > 200 ft (60 m)

OR stretcher, unoccupied 25.1 lbF (11.4 kgF) > 200 ft (60 m)

Case carts, full 26.6 lbF (12.1 kgF) > 200 ft (60 m)

Microscopes 27.5 lbF (12.5 kgF) > 200 ft (60 m)

Hospital bed, unoccupied 29.8 lbF (13.5 kgF) > 200 ft (60 m)

Specialty equipment carts 39.3 lbF (17.9 kgF) > 200 ft (60 m)

OR stretcher, occupied, 300 lb 43.8 lbF (19.9 kgF) > 200 ft (60 m)

Bed, occupied, 300 lb 50.0 lbF (22.7 kgF) < 200 ft (30 m)
Min two caregivers 
requiredSpecialty OR beds, unoccupied 69.7 lbF (31.7 kgF) < 100 ft (30 m)

OR bed, unoccupied 61.3 lbF (27.9 kgF) < 25 ft (7.5 m)

Recommend powered 
transport device

OR bed, occupied, 300 lb 112.4 lbF (51.1 kgF) < 25 ft (7.5 m)

Specialty OR beds, occupied, 300 lb 124.2 lbF (56.5 kgF) < 25 ft (7.5 m)

No shading Minimal risk—Safe to lift
Light shading Potential risk—Use assistive technology as available
Heavy shading Considerable risk—One person should not perform alone or weight should be reduced
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• Pushing tasks are ergonomically preferred over 
pulling tasks.34

• Ensure that handles are at a correct push height of 
approximately 3 ft (0.92 m) from the floor.34

• For tasks where the push point is lower than 3 ft 
(0.92 m), maximum and sustained push forces will 
be decreased by approximately 15%.34

• For tasks performed more frequently than once 
every 30 minutes, maximum and sustained push 
forces will be decreased by approximately 6%.34

• If push force limits are exceeded it will be neces-
sary to reduce the weight of the load, use two or 
more caregivers to complete the task together, or 
use a powered transport device.

• Equipment casters need to be properly main-
tained to assist in moving equipment more easily. 

• For OR equipment not listed above, compare physi-
cal effort to that required to push an unoccupied 
standard hospital bed. If greater effort is required, 

then additional caregivers and/or use of powered 
transport device is recommended.

Rationale/Calculations Used for Ergonomic Tool #7
Push forces were measured in Newtons (N) for each 
item of equipment listed in Table 2. Initial forces were 
measured as the peak force to initially propel the item. 
Sustained force was measured as the minimum force 
required to maintain equipment propulsion. Initial-
wheels turned were measured as the peak initial force 
where the wheels on the equipment were turned per-
pendicular to the desired direction of travel. The aver-
age force measured across five repeated trials for each 
condition and equipment item was computed and con-
verted into US units.

Maximum pushing distances were determined and 
reported in Table 2, based on Liberty Mutual’s push 
force limits.34 The shortest acceptable push distance, 
considering both initial and sustained forces, was 

Table 2.  MeasUreD pUsh Forces For operaTINg rooM eqUIpMeNT
Equipment Type of force Trial 1 

(N)
Trial 2 

(N)
Trial 3 

(N)
Trial 4 

(N)
Trial 5 

(N)
Mean

(N)
Mean 
(lbF)

Max push 
distance (ft)

Electrosurgical 
unit

initial force 30 35 35 30 30 32.0 7.2 > 200

sustained force 10 10 10 10 10 10.0 2.2 > 200

initial-wheels turned 40 35 37.5 8.4 > 200

OR stretcher, 
unoccupied

initial force 62 70 65 75 68.0 15.3 > 200

sustained force 20 20 25 25 25 23.0 5.2 > 200

initial-wheels turned 113 110 111.5 25.1 > 200

OR stretcher, 
occupied,  
300 lb

initial force 120 120 120 115 120 119.0 26.8 > 200

sustained force 30 35 30 40 40 35.0 7.9 > 200

initial-wheels turned 210 180 195.0 43.8 < 50

Bed, unoccupied initial force 115 120 125 110 105 115.0 25.9 > 200

sustained force 30 25 30 25 27.5 6.2 > 200

initial-wheels turned 130 135 132.5 29.8 > 200

Bed, occupied, 
300 lb

initial force 170 160 167 135 155 157.4 35.4 > 200

sustained force 40 50 50 40 60 48.0 10.8 > 200

initial-wheels turned 230 215 222.5 50.0 < 25

OR bed, 
unoccupied

initial force 218 275 245 280 270 257.6 57.9 < 25

sustained force 120 125 120 100 120 117.0 26.3 < 25

initial-wheels turned 270 275 272.5 61.3 < 25

OR bed, 
 occupied, 
300 lb

initial force 425 432 445 405 325 406.4 91.4 < 25

sustained force 180 180 180 180.0 40.5 < 25

initial-wheels turned 485 515 500.0 112.4 < 25

Specialty OR 
beds, unoccupied

initial force 175 182 190 260 200 201.4 45.3 < 25

sustained force 100 100 100 100.0 22.5 < 100

initial-wheels turned 305 315 310.0 69.7 < 25

continued on next page
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accepted (see Table 3). These values are based on the 
operator with his or her hands positioned at a middle 
push point of 3 ft (0.92 m) from the floor or above and 
performing a task no more frequently than once every 
30 minutes. 

Measuring Pushing/Pulling Forces
To measure OR equipment not listed in Table 2, a mea-
suring device can be applied to measure applicable 
pushing/pulling forces. Commercially available mea-

suring instruments can be used to measure push/pull 
forces (eg, strain gage, force meters, precision springs). 
A simple low-cost method for measuring the required 
forces for pushing or pulling objects, such as beds, 
carts, and transfer equipment, is shown in Figure 1. As 
illustrated, a broom handle or other lightweight cylin-
drical object can be taped to a bathroom scale and used 
to measure push forces. Required pull forces would be 
identical to the required pushing force. The scale is 
placed against the object to be pushed and a force is 

Table 2 coNTINUeD.  MeasUreD pUsh Forces For operaTINg rooM eqUIpMeNT
Equipment Type of force Trial 1 

(N)
Trial 2 

(N)
Trial 3 

(N)
Trial 4 

(N)
Trial 5 

(N)
Mean

(N)
Mean 
(lbF)

Max push 
distance (ft)

Specialty OR 
beds, 300-lb 
patient

initial force 365 290 320 305 305 317.0 71.3 < 25

sustained force 140 160 140 115 115 134.0 30.1 < 25

initial-wheels turned 560 545 552.5 124.2 < 25

Microscopes initial force 62 75 80 75 75 73.4 16.5 > 200

sustained force 20 25 20 25 25 23.0 5.2 > 200

initial-wheels turned 125 120 122.5 27.5 < 50

Case cart, full initial force 62 108 75 108 88.3 19.8 > 200

sustained force 30 40 40 40 37.5 8.4 > 200

initial-wheels turned 122 115 118.5 26.6 > 200

Case cart, empty initial force 60 65 65 62 65 63.4 14.3 > 200

sustained force 40 30 35 40 35 36.0 8.1 > 200

initial-wheels turned 120 95 107.5 24.2 > 200

X-ray equipment, 
C-arm

initial force 100 75 100 75 85 87.0 19.6 > 200

sustained force 20 25 25 25 25 24.0 5.4 > 200

initial-wheels turned N/A N/A N/A N/A N/A

X-ray equipment, 
portable

initial force 60 55 55 60 58 57.6 12.9 > 200

sustained force 25 30 30 30 30 29.0 6.5 > 200

initial-wheels turned N/A N/A N/A N/A N/A

Video towers initial force 35 40 40 35 35 37.0 8.3 > 200

sustained force 15 20 20 15 20 18.0 4.0 > 200

initial-wheels turned 60 65 62.5 14.1 > 200

Ultrasound initial force 35 40 45 45 40 41.0 9.2 > 200

sustained force 20 20 25 20 20 21.0 4.7 > 200

initial-wheels turned 55 55 55.0 12.4 > 200

Specialty equip-
ment carts

initial force 105 90 120 125 145 117.0 26.3 > 200

sustained force 25 30 30 25 25 27.0 6.1 > 200

initial-wheels turned 165 185 175.0 39.3 < 200

Linen cart initial force 50 70 55 55 65 59.0 13.3 > 200

sustained force 20 25 20 25 20 22.0 4.9 > 200

initial-wheels turned 75 70 72.5 16.3 > 200
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then slowly applied to the handle until the object 
moves. The maximum required pushing force is read 
off the weight scale. The scale should provide a contin-
uous readout of applied force to obtain the maximum 
value. To obtain the best estimate of the actual maxi-
mum force, the measurement should be repeated sev-
eral times and the average value should be used for 
assessment. This force can then be compared to the 
maximum recommended push force values shown in 
Table 3. For example, assume that the force required to 
push a cart was measured to be 60 lb. According to 
Table 3, this task would not be acceptable for one care-
giver for any distance, but would be acceptable for two 
caregivers (assuming each pushed 26 lb) for a distance 
of up to 25 feet. A powered transport device would be 
recommended if one caregiver is performing the task.

Other Background Materials

The Revised NIOSH Lifting Equation
The Revised NIOSH Lifting Equation (RNLE) provides 
a mathematical equation for determining the recom-
mended weight limit (RWL) and lifting index (LI) for 
selected two-handed manual lifting tasks. The RWL is 
the principal product of the RNLE and is defined for a 
specific set of task conditions and represents the 
weight of the load that nearly all healthy workers 
could perform over a substantial period of time (eg, up 
to 8 hours) without an increased risk of developing  
lifting-related low back pain. By “healthy workers,” 
NIOSH means workers who are free of adverse health 
conditions that would increase their risk of musculo-
skeletal injury. 

The concept behind the RNLE is to start with a rec-
ommended weight that is considered safe for an “ideal” 
lift (ie, load constant equal to 51 lb or 23 kg) and then 
reduce the weight as the task becomes more stressful 
(ie, as the task-related factors become less favorable). 
The RWL equation consists of a fixed load constant of 
51 lb that is reduced by six factors related to task geom-

etry (ie, location of the load relative to the worker at the 
initial liftoff and setdown points), task frequency and 
duration, and type of handhold on the object. Assess-
ment of patient handling tasks was specifically 
excluded as a restriction for use of the RNLE due to 
limitations in the data used to derive the equation. For 
some patient handling tasks, however, where the per-
son being lifted is noncombative or where there is little 
or no movement of the patient during the lifting task, 
the RNLE may be applicable, and it should be possible 
to determine whether the lift exceeds the RWL for those 
tasks. For example, the RNLE was used to derive the 
35-lb weight limit for patient lifting in the VA and 
AORN ergonomic tools.52 The precise formulation of the 
revised lifting equation for calculating the recom-
mended weight limit is based on a multiplicative model 
that provides a weighting (ie, multiplier) for each of six 
task variables, which include the 

• horizontal distance of the load from the worker 
(H), 

• vertical height of the lift (V), 
• vertical displacement during the lift (D), 
• angle of asymmetry (A), 
• frequency (F) and duration of lifting, and 
• quality of the hand-to-object coupling (C). 
The weightings are expressed as coefficients that 

serve to decrease the load constant, which represents 
the maximum RWL to be lifted under ideal conditions. 
For example, as the horizontal distance between the 
load and the worker increases, the recommended 
weight limit for that task would be reduced from the 
ideal starting weight (see Table 4).

The term task variables refers to the measurable task-
related measurements that are used as input data for the 
formula (ie, H, V, D, A, F, C), whereas the term multipli-
ers refers to the reduction coefficients in the equation (ie, 
HM, VM, DM, AM, FM, CM).

The following list briefly describes the measure-
ments required to use the RNLE. Details for each of the 
variables are presented later in this chapter (see sec-
tion entitled “Obtaining and using the data”).

H = Horizontal location of hands from midpoint 
between the inner ankle bones. This is measured in 
centimeters or inches at the origin and the destination 
of the lift. 

V = Vertical location of the hands from the floor. 
This is measured in centimeters or inches at the origin 
and destination of the lift.

Photo by Tom Waters, PhD, CPE. Used with permission.

FIgUre 1.  sIMple DeVIce For MeasUrINg reqUIreD pUsh Force

Table 3.  pUsh Force lIMITs
Push/pull forces based on 75% 

acceptable for women design goal

Distance (ft) 25 50 100 150 200

Initial (lb) 51 44 42 42 37

Sustained (lb) 30 25 22 22 15

A d a p t e d  f r o m  M a n u a l  M a t e r i a l s  H a n d l i n g  G u i d e -
l ines ,  ht tp : / / l iber tymmhtab les . l iber tymutua l .com/CM_LMTables 
Web/pdf/LibertyMutualTables.pdf. Reprinted with permission from the Liberty 
Mutual Research Institute for Safety.

http://libertymmhtables.libertymutual.com/CM_LMTablesWeb/pdf/LibertyMutualTables.pdf
http://libertymmhtables.libertymutual.com/CM_LMTablesWeb/pdf/LibertyMutualTables.pdf
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D = Vertical travel distance in centimeters or inches 
between the origin and the destination of the lift.

A = Angle of asymmetry; angular displacement of 
the load from the worker’s sagittal plane. This is mea-
sured in degrees at the origin and destination of the 
lift.

F = Average frequency rate of lifting measured in 
lifts/min. Duration is defined as follows: short-duration  
(< 1 hour); moderate-duration (> 1 but < 2 hours); or 
long-duration (> 2 but < 8 hours), assuming appropriate 
recovery allowances (see Table 5). 

C = Quality of hand-to-object coupling (quality of 
interface between the worker and the load being 
lifted). The quality of the coupling is categorized as 
good, fair, or poor, depending upon the type and loca-
tion of the coupling, the physical characteristics of 
load, and the vertical height of the lift (see Table 6).

The LI is a term that provides a relative estimate of 
the level of physical stress associated with a particular 
manual lifting task. The estimate of the level of physi-
cal stress is defined by the relationship of the weight of 
the load lifted and the RWL.

According to NIOSH, the lifting index may be used 
to identify potentially hazardous lifting jobs or to 
compare the relative severity of two jobs for the pur-
pose of evaluating and redesigning them. From the 
perspective of NIOSH, it is likely that lifting tasks 
with a lifting index > 1.0 pose an increased risk for 
lifting-related low back pain for some fraction of the 
work force.49 Lifting jobs should be designed to 
achieve a lifting index of 1.0 or less whenever possi-
ble. Some experts believe that worker selection crite-
ria may be used to identify workers who can perform 
potentially stressful lifting tasks (ie, lifting tasks that 
would exceed a lifting index of 1.0) without signifi-
cantly increasing their risk of work-related injury 
above the baseline level.49,50 Those who endorse the 
use of selection criteria believe that the criteria must 
be based on research studies, empirical observations, 

or theoretical considerations that include job-related 
strength testing and/or aerobic capacity testing. 

Even these experts agree, however, that many work-
ers will be at a significant risk of a work-related injury 
when performing highly stressful lifting tasks (ie, lift-
ing tasks that would exceed a lifting index of 3.0). 
“Informal” or “natural” selection of workers may occur 
in many jobs that require repetitive lifting tasks. 
According to some experts, this may result in a unique 
workforce that may be able to work above a lifting 
index of 1.0, at least in theory, without substantially 
increasing their risk of low back injuries above the 
baseline rate of injury.

To gain a better understanding of the rationale for 
the development of the recommended weight limits 
and lifting index, the Revised NIOSH Equation for the 
Design and Evaluation of Manual Lifting Tasks pro-
vides a discussion of the criteria underlying the lifting 
equation and of the individual multipliers.49 This arti-
cle also identifies both the assumptions and uncertain-
ties in the scientific studies that associate manual lift-
ing and low back injuries. For more detailed 
information about how to use the RNLE, the reader 
should consult the Applications Manual for the 
Revised NIOSH Lifting Equation.50

Glossary

Air-assisted lateral transfer device: A mattress that 
is inflated with air by a portable air supply, thus facili-
tating a smoother lateral transfer.

Anti-fatigue mats: A special mat designed with  
friction-reduction properties, used for workers who 
stand for long periods of time.

Anti-fatigue technique: Any technique that will 
reduce fatigue experienced by the worker.

Assistive devices/technology: Equipment that can be 
used to take all or a portion of a load, such as the 
weight of a body part, off of the person performing a 
high-risk task.

Clinical tools: A standardized process or set of rules 
by which a provider makes decisions about a complex 
process (eg, which equipment and techniques to use 
when performing high-risk patient handling and move-
ment tasks). 

Table 4.  recoMMeNDeD WeIghT lIMIT

The recommended weight limit is 
defined as follows:

RWL = LC x HM x VM x DM x
AM x FM x CM

Where:

Variable Metric US Customary

LC = Load Constant = 23 kg 51 lb

HM = Horizontal Multiplier = (25/H) (10/H)

VM = Vertical Multiplier = 1-(.003| V-75| ) 1-(.0075| V-30| )

DM = Distance Multiplier = .82 + (4.5/D) .82 + (1.8/D)

AM = Asymmetric Multiplier = 1-(.0032A) 1-(.0032A)

FM = Frequency Multiplier = From Table 5 From Table 5

CM = Coupling Multiplier = From Table 6 From Table 6
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Compressive force: Mechanical 

force directed along the Y (ie, vertical) 
axis, brought about by the combined 
effect of internal and external load 
bearing.

Ergonomics: Applied science of 
designing and arranging things for peo-
ple to use efficiently and safely; match-
ing job tasks to workers’ capabilities.

Ergonomist: A practitioner in the 
field of ergonomics.

Friction-reducing devices: Low-fric-
tion (slippery) material assistive aids 
for lateral transfer of patients.

Lateral position: Side-lying.
Lateral transfer: Movement of a 

patient in a supine position on a hori-
zontal plane, such as transferring a 
patient from a bed to a stretcher. 

Lateral transfer device: A device that 
is used to move a patient from one sur-
face to another while in a supine 
position.

lbF: A unit of force equal to the 
mass of 1 lb with an acceleration equal 
to 1 gravitational constant (32 ft/s2). 
Acceleration due to gravity (g) equals 
9.8 meters per second squared (9.8 m/
s2) or 32 feet per second squared (32 ft/
s2).

Lifting index: Relative estimate of 
physical stress associated with one spe-
cific task. It is equal to the load of the 
object/recommended weight limit.

Lithotomy position: Supine position 
with the hips and knees flexed and the thighs abducted 
and rotated externally.

Manual retraction: When a member of the perioper-
ative sterile team (ie, scrubbed team) provides expo-
sure of underlying anatomical parts during surgery 
with his or her hand or by physically holding and/or 
pulling with a sterile device designed to hold back the 
edges of tissue and organs. 

Maximum sustained force: Force needed to pull or 
lift for a period of time. 

Mechanical lateral transfer device: A powered 
device that moves a patient horizontally from one sur-
face to another while in a supine position. 

Mechanical lift device: Patient transfer device that 
uses a sling and mechanical lift to transfer patients 

and/or lift body parts (includes ceiling-mounted and 
floor-based lifts as well as sit-to-stand lifts).

Musculoskeletal: Relating to or involving the mus-
cles and the skeleton.

Newton (N): A metric unit of measure for forces. (1 
Newton = 0.2248 lb)

Newton meter (Nm): A metric unit of measure for 
moments (ie, force × length). One Newton meter = .738 
ft·lb.

Optimal posture: Perpendicular/straight on to the 
operative field.

Optimal working height: Area between the chest and 
waist height to the operative field.

Prone: With the front (or ventral) surface of the body 
positioned face downward.

Recommended weight limit: Recommended weight 
limit is the principal product of the revised NIOSH lift-
ing equation defined for a specific set of task condi-
tions as the weight of the load that 75% of the popula-
tion could perform safely.

Revised NIOSH Lifting Equation: Mathematical 
equation for determining the recommended weight 
limit and lifting index for selected two-handed manual 
lifting tasks.

Self-retaining retractor: A sterile device designed to 
mechanically hold back the edges of tissue and organs 

Table 5.  FreqUeNcy MUlTIplIers
Frequency 
lifts/min (F)

Work duration

< 1 hour > 1 but < 2 hours > 2 but < 8 hours

V < 30 V > 30 V < 30 V > 30 V < 30 V > 30

0.2 1.00 1.00 .95 .95 .85 .85

0.5 .97 .97 .92 .92 .81 .81

1 .94 .94 .88 .88 .75 .75

2 .91 .91 .84 .84 .65 .65

3 .88 .88 .79 .79 .55 .55

4 .84 .84 .72 .72 .45 .45

5 .80 .80 .60 .60 .35 .35

6 .75 .75 .50 .50 .27 .27

7 .70 .70 .42 .42 .22 .22

8 .60 .60 .35 .35 .18 .18

9 .52 .52 .30 .30 .00 .15

10 .45 .45 .26 .26 .00 .13

11 .41 .41 .00 .23 .00 .00

12 .37 .37 .00 .21 .00 .00

13 .00 .34 .00 .00 .00 .00

14 .00 .31 .00 .00 .00 .00

15 .00 .28 .00 .00 .00 .00

> 15 .00 .00 .00 .00 .00 .00

Table 6.  coUplINg MUlTIplIer
Coupling multiplier

V < 30 inches 
(75 cm)

V > 30 inches 
(75 cm)

Good 1.00 1.00

Fair 0.95 1.00

Poor 0.90 0.90
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to provide exposure to underlying anatomical struc-
tures during a surgical procedure. 

Semi-Fowler position: The upper half of the body 
raised to an incline of 30 to 45 degrees; also called the 
beach-chair position. 

Sit-stand stool: A stool that allows the worker to sit 
or stand while working without changing levels.

Spinal compression: Forces acting along the length 
of the spine.

Spine loading: Overall mechanical force acting on 
the spine calculated as root-mean-square value of com-
p r e s s i v e ,  l a t e r a l ,  a n d  a n t e r i o r - p o s t e r i o r  
components. 

Static posture: Postures requiring a sustained posi-
tion for a long period of time (eg, standing in one posi-
tion during surgery).

Supine: With the back or dorsal surface of the body 
positioned downward (ie, lying face up). 
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