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o Goal: To educate conference attendees on specific aspects of 
accident prevention and Ohio’s workers’ compensation system

o Learning objectives for session # 254 A Practical Guide to the 
NIOSH Lifting Equation:

• Identify risk factors for workplace low back disorders; and 
• Describe how to use the National Institute for Occupational Safety and 

Health (NIOSH) Lifting Equation.
o Criteria for Successful Completion: Attend the entire event ando Criteria for Successful Completion: Attend the entire event and 

complete a session evaluation.
o Conflict of Interest: The planners and faculty have no conflict of 

interest. 
o Commercial Support: There is no commercial support for this event. 
o Continuing Education: Awarded 0.1 IACET general CEUs and 1.0 

RN* contact hour. 
*The Ohio BWC (OH-188/01-01-2013) is an approved provider of continuing nursing education by the Ohio Nurses 

Association (OBN-001-91), an accredited approver by the American Nurses Credentialing Center’s Commission on Accreditation. 
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History of NLEHistory of NLE

Work Practices Guide for Manual Lifting Work Practices Guide for Manual Lifting 
(1981) (1981) 
Revised NIOSH Equation for the DesignRevised NIOSH Equation for the DesignRevised NIOSH Equation for the Design Revised NIOSH Equation for the Design 
and Evaluation of Manual Lifting Task and Evaluation of Manual Lifting Task 
by Thomas Waters et al. (1993) in by Thomas Waters et al. (1993) in 
journal Ergonomicsjournal Ergonomics
Application Manual for the RNLE (1994)Application Manual for the RNLE (1994)

What is the Revised NLE?What is the Revised NLE?

Recommended Weight Limit (RWL)
The weight of the load that nearly all healthy workers 
could perform over a substantial period of time 
without an increased risk of developing lifting relatedwithout an increased risk of developing lifting-related 
low back disorders

Lifting Index (LI)
A term that provides a relative estimate of the level of 
physical stress associated with a particular manual 
lifting task 

Lifting Index (LI)Lifting Index (LI)

LI = Weight of Load Lifted / RWL

ExampleExample
Assuming RWL for job was 25 lbs and 
weight lifted was 50 lbs, the LI would be:

50
LI =          =  2.0

25
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How to Use the RNLE?How to Use the RNLE?

Design criteria for manual lifting Design criteria for manual lifting 
jobsjobs
i k l f i ji k l f i jRisk assessment tool for injury Risk assessment tool for injury 

prevention prevention 

Science behind RNLEScience behind RNLE

BiomechanicsBiomechanics
PsychophysicsPsychophysicsPsychophysicsPsychophysics
PhysiologyPhysiology
EpidemiologyEpidemiology

Biomechanics is the study of how 
mechanical forces affect the human 
body

BiomechanicsBiomechanics

body.

External vs. InternalExternal vs. Internal
Static vs. DynamicStatic vs. Dynamic
Passive vs. ActivePassive vs. Active

Important Force Characteristics include:

Important Biomechanical Important Biomechanical 
FactorsFactors

Kinematics (e.g., position, velocity, and Kinematics (e.g., position, velocity, and 
acceleration of body parts).acceleration of body parts).
B d d W k G t iB d d W k G t iBody and Workspace GeometriesBody and Workspace Geometries
Forces on the muscles, joints, and Forces on the muscles, joints, and 
ligaments.ligaments.
Applied loads (e.g., weight lifted, Applied loads (e.g., weight lifted, 
oppositional forces, etc.).oppositional forces, etc.).
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Biomechanical CriteriaBiomechanical Criteria

Based on muscle strength and tissue Based on muscle strength and tissue 
tolerance.tolerance.
Static and Dynamic Lifting StrengthStatic and Dynamic Lifting StrengthStatic and Dynamic Lifting StrengthStatic and Dynamic Lifting Strength
–– Databases of male and female strengthDatabases of male and female strength
–– Joint specific and whole body strengthJoint specific and whole body strength

3.4 3.4 kNkN of disc compression force.of disc compression force.

Physiology is the study of how 
physical work affects the physiological 
functions of the human body (e g

PhysiologyPhysiology

functions of the human body (e.g., 
heart rate, blood pressure, oxygen 
consumption, metabolism, etc.).

Physiological criteria for lifting are primarily 
concerned with preventing whole body fatigue.  

PhysiologyPhysiology

Important task characteristics include:  
Location of the load Location of the load 
Weight liftedWeight lifted
Duration of the workDuration of the work
Frequency of liftingFrequency of lifting
Work/Rest patternWork/Rest pattern

Physiological CriteriaPhysiological Criteria

Energy expenditure limits to prevent Energy expenditure limits to prevent 
whole body fatigue.whole body fatigue.
–– 1 hour continuous work1 hour continuous work -- 50% of VO50% of VO22maxmax1 hour continuous work 1 hour continuous work 50% of VO50% of VO22maxmax
–– 11--2 hours of cont. work 2 hours of cont. work -- 40% of VO40% of VO22maxmax
–– 22--8 hours of cont. work 8 hours of cont. work -- 33% of VO33% of VO22maxmax

Psychophysiology is the study of the 
human perception of physical stimuli 
(i.e., light, taste, heaviness, etc.)

PsychophysiologyPsychophysiology

(i.e., light, taste, heaviness, etc.)

It has been suggested that the human is 
best able to integrate the biomechanical 
and physiological demands.
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Phychophysiological CriteriaPhychophysiological Criteria

Psychophysical studies have been Psychophysical studies have been 
conducted to determine MMH capacities conducted to determine MMH capacities 
for different populations of workers.for different populations of workers.p pp p
According to Snook, the job should be According to Snook, the job should be 
acceptable to at least acceptable to at least 75%75% of the of the 
exposed population.exposed population.

Conflicting CriteriaConflicting Criteria

Biomechanics, Psychophysics, and 
Physiology do not agreePhysiology do not agree.

BiomechanicsBiomechanics

!60 k !60 k!60 kg !60 kg

PhysiologyPhysiology

!60 kg

! ! ! ! ! !

! ! ! ! ! !

! ! ! ! ! !!60 kg ! ! ! ! ! !

! ! ! ! ! !

! ! ! ! ! !

2 kg x 30 times

PsychophsyicsPsychophsyics

!60 kg
10 kg 10 kg 10 kg

!60 kg
10 kg 10 kg 10 kg

Criteria for Acceptable LiftingCriteria for Acceptable Lifting
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Epidemiology is the study of the 
relationship between exposure to 
hazards and health outcomes

EpidemiologyEpidemiology

hazards and health outcomes.

Level of Exposure or DoseLevel of Exposure or Dose
Incidence and Severity of Incidence and Severity of 
Health OutcomeHealth Outcome

Important factors include:

Technical Requirements for Using Technical Requirements for Using 
the Revised NIOSH Equationthe Revised NIOSH Equation

Smooth Lift (no jerking)Smooth Lift (no jerking)
Two Handed LiftTwo Handed Lift
Moderate Width of Load (75 cm max)Moderate Width of Load (75 cm max)Moderate Width of Load (75 cm max)Moderate Width of Load (75 cm max)
Unrestricted PostureUnrestricted Posture
Good Foot TractionGood Foot Traction
Optimal Environment (Low humidity, Optimal Environment (Low humidity, 
optimal temperature, good lighting).optimal temperature, good lighting).

Recommended Weight Limit Recommended Weight Limit 
(RWL)(RWL)

Load Constant LC 23 kg 51 lb

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

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

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

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

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

Frequency Multiplier FM From FM Table From FM Table

Coupling Multiplier CM From CM Table From CM Table

Horizontal Location (H)Horizontal Location (H)

H is the horizontal distance between 
the mid-ankle point and the point 
projected on the floor directly belowprojected on the floor directly below 
the mid-point between the hand 
grasps.

Horizontal Multiplier (HM)Horizontal Multiplier (HM)

HM = (10/H)

10 H 25 i

US Customary

10 < H < 25 in

0.4 < HM < 1.0

HM can also be determined from Table
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Vertical Location (V)Vertical Location (V)

V is the vertical distance between 
the midpoint of the hands and the 
flfloor.

V = (V right hand + V left hand)/2

Vertical Multiplier (VM)Vertical Multiplier (VM)

VM = 1-(.0075|V-30|)

US Customary

0 < V < 70 in

0.7 < VM < 1.0

VM can also be determined from a Table
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Distance (D)Distance (D)

D is the vertical distance the load 
travels between the origin and 
d i i f h lif I idestination of the lift.  It is 
calculated by taking the difference 
between the V at the origin and V at 
the destination.

Distance Multiplier (DM)Distance Multiplier (DM)

DM = .82 + (1.8/D)
US Customary

10 < D < 70 in

0.85 < DM < 1.0

DM can also be determined from a Table

Asymmetry Angle (A)Asymmetry Angle (A)

A is the angle (in degrees) between 
the sagittal line and the asymmetrythe sagittal line and the asymmetry 
line in the horizontal plane.
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Asymmetry Angle (A)Asymmetry Angle (A)

Sagittal Line - line perpendicular to the hips 
and intersecting mid-ankle point in neutral body 
posture.

Asymmetry Line - line connecting mid-ankle 
point and point of projection below the mid-
hand grasp point at origin or destination of lift.

Asymmetry Angle (A)Asymmetry Angle (A)

Neutral Body Posture - body posture when 
hands are directly in front of the body with no 
twisting at the legs torso or shoulderstwisting at the legs, torso, or shoulders.

Asymmetric Multiplier (AM)Asymmetric Multiplier (AM)

AM = 1.0 - (.0032A)

0 < A < 135 degrees

0.57 < DM < 1.0

DM can also be determined from a Table
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Frequency Multiplier (FM)Frequency Multiplier (FM)

This multiplier is defined by
(a)Frequency (F) in lifts/min 
(b)D i f lif i (1 2 8h )(b)Duration of lifting (1, 2 or 8hr)
(c)Vertical height (V) from floor 

(above or below 30 inches)
FM is determined from a Table

Frequency (F)Frequency (F)

F = Number of lifts/min

U f d 15Use frequency averaged over a 15-
minute period.

If F < 0.2 lifts/min, then F = 0.2

Duration Category Duration Category 
(Work(Work--Rest Pattern)Rest Pattern)

The duration category is defined to 
be either short duration (1 hour or 
less), moderate duration (more thanless), moderate duration (more than 
1 hour, but not more than 2 hours), 
or long duration (more than 2 hours, 
but not more than 8 hours) of 
continuous lifting.

Duration CategoryDuration Category
(Work(Work--Rest Pattern)Rest Pattern)

The work pattern is defined by the 
ratio of work-time (WT) to recovery-
ti (RT)time (RT).

WT - Period of continuous lifting
RT - Period of light work following a

period of continuous lifting.
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Duration (WorkDuration (Work--Rest Pattern)Rest Pattern)

1 hour 1 hour -- RT > 1.0 x WT (RT > 1.0 x WT (1.2)1.2)
2 hour 2 hour -- RT > 0.3 x WTRT > 0.3 x WT
8 hour 8 hour –– Standard industrial rest Standard industrial rest 

The FM and RWL increases as the 
duration category decreases.

allowances requiredallowances required

Duration (WorkDuration (Work--Rest Pattern)Rest Pattern)

If the required recovery time is not 
met for a job, then the work 

i d dd d h d hperiods are added together and the 
next higher duration category is 
evaluated.

WorkWork--Rest Pattern ExampleRest Pattern Example
Work Pattern:  45 min lifting → 30 
minutes light duty → 45 minutes 
lifting.

Step 1 1st continuous WT < 1hStep 1.  1st continuous WT < 1h
Step 2.  RT ≠ 1.0 X WT
Step 3.  1st + 2nd > 1 h
Step 4.  1st + 2nd < 2h
∴ Duration category is 2 hours

Coupling Multiplier (CM)Coupling Multiplier (CM)

Nature of the coupling between 
the hands and the object being 
lif d C li ill b l ifi dlifted.  Coupling will be classified 
as Good, Fair, or Poor.

CM is determined from a Table

Coupling Multiplier (CM)Coupling Multiplier (CM)

Good - Handles or cutouts of optimal 
design.  Comfortable grip where hand can 
be easily wrapped around the object.
Fair - Less than optimal handles or lift 
with fingers flexed 90 degrees.
Poor - No handles and unable to flex 
fingers under load.  

Operational DefinitionOperational Definition

GoodGood -- Power grip or suitcase gripPower grip or suitcase grip

FairFair -- Fingers about 90Fingers about 90 degreesdegrees

PoorPoor -- Unable to flex fingersUnable to flex fingers
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Risk of InjuryRisk of Injury

Risk of injury is dependent Risk of injury is dependent 
upon a complex interaction upon a complex interaction 
between between personalpersonal, , 
environmentalenvironmental, , organizationalorganizational, , 
and and jobjob--related factorsrelated factors..

Low back pain prevalence by LI categoryLow back pain prevalence by LI category
Waters et al., 1999Waters et al., 1999
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o Points of view, ideas, products, demonstrations 
or devices presented or displayed at the Ohio 
Safety Congress & Expo do not constitute y g p
endorsements by BWC. BWC is not liable for 
any errors or omissions in event materials.


