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Sitting and Standing MSD Risk



Sitting & Low Back MSDs

When “quality” of seated exposures are factored

 Leisure + Work combined increased LBP reporting 

(Nourbakhsh et al., 2001)

 Constrained seated driving postures 6x increase in lost 

time (Porter & Gyi, 2002)

 Objectively measure time (Gupta et al., 2015)

 Significant positive association between:

  total sitting time (per hour) and high LBP intensity 

(odds ratio; OR=1.43, 95% CI=1.15-1.77, P=0.01)

 leisure-time sitting (OR=1.45, 95% CI=1.10-1.91, 
P=0.01)

 non-significant trend for occupational sitting 
time (OR=1.34, 95%CI 0.99-1.82, P=0.06). 



via juststand.org

Increased risk of:

- Metabolic syndromes (Gardiner et al. 2011)

- Inflammatory biomarkers (Healy et al. 2011)

- CVD mortality (Dunstan et al. 2010)

- Work Inactivity & Death (Renner v. AT&T)







DAILY STAND ING TIME AND  

ALL -CAUSE MORTAL ITY

Adjusted for age, smoking, alcohol, LTPA, physical activity readiness

Katzmarzyk (2014)



P R E V E N T I O N  V S  T R E A T M E N T

N Engl J Med 2007; 356:2245-2256







U K  2 0 1 1   &   A U S T R A L I A  2 0 1 4

P U B L I C  H E A LT H  G U I D E L I N E S

Adults should minimize the time spent being 

sedentary (sitting) for extended periods.

AMA 2013

Prolonged sitting, particularly in work settings, can cause 

health problems.  Businesses should offer employees 

alternatives to sitting all day – such as standing desks, 

isometric balls instead of desk chairs, or re-arranging office 

space and work habits to encourage more movement 

during the day.
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L OW  B A C K  I N  S I T T I N G  A N D  S T A N D I N G

De Carvalho, Soave, Ross, Callaghan/ J Manip Physio Ther/ 33 (2010)
Dunk, Kedgley, Jenkyn, Callaghan/ Clinical Biomechanics/ 24 (2009)

De Carvalho and Callaghan. IJIE 2011.

Callaghan & McGill. Ergonomics 2001.



M U S C L E  I N V O LV E M E N T  I N  S I T T I N G

Gregory, Dunk, Callaghan Human Factors (2006).



SP INE T IME -VARYING RE SPONSES  

TO S ITTI NG

Beach, Parkinson, Stothart, & Callaghan The Spine Journal 5(2): 145-154, 2005. 
Alexander et al. Spine, 32(14), (2007)



Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Lab session Lab session

Lab session

Typical office work

Lab session

No activity 

restrictions
Typical office work

https://apps.apple.com/ca/app/evas/id6447213570

Davidson & Callaghan Applied Ergonomic 122(104374): 1-11, 2024.



PAIN RESPONSES

Pain Status Definition N

Non-pain 

developers
< 5 mm 10 (5M, 5F)

Intermediate pain 

developers
5-10 mm 4 (2M, 2F)

Pain developers > 10 mm 6 (3M, 3F)

pain significantly higher in 

evening than morning
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m

)
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m
)



ACTIVITY DIFFERENCES BY PAIN STATUS

Dependent

Variable

Non-Pain

Developers

Intermediate

Pain Developers

Pain

Developers

Sitting Duration

Total (min) 367 (23)a 364 (22)ab 396 (12)b

Total (%)* 87 (5)a 86 (5)b 93 (2)c

Maximum (min) 110 (29) 101 (32) 110 (14)

Average (min) 35 (9) 27 (16) 38 (11)

Number of Bouts 13 (3) 17 (8) 12 (4)

Standing/Stepping Duration

Total (min) 38 (20) 40 (14) 18 (7)

Total (%) 9 (5) 9 (3) 4 (2)

Maximum (min) 13 (8) 11 (5) 6 (2)

Average (min) 4 (1) 3 (1) 2 (1)

Number of Bouts* 10 (3)ab 12 (4)a 7 (1)b
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S E X  D I F F E R E N C E S

Measurement Male Female

% max flexion

Thoracic 8.6 3.1

Lumbar 65.4 49.6

Trunk 
(C7-L5)

29.8 -3.3

Deviation from
vertical (degrees)

Pelvis 7.6°
(post)

-5.5°
(ant)
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L B P  A N D  S I T T I N G

Range of lumbar spine movement over 90 
minutes of sitting.  LBP sufferers had 
greater range of movement (P = 0.0002)

Dunk & Callaghan/ Work/ 35 (2010)

Healthy

LBP

Carvalho & Callaghan, International Journal 

of Industrial Ergonomics 41, 617–624 (2011).



Is it Important? Longitudinal
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Can We Reset Sitting Pain with Breaks
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L OW  B A C K  PA I N  R E S P O N S E



S I T- S T A N D  T R A N S I T I O N S / DAY  

Group*Phase p = 0.0386
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T R A N S I T I O N S :  S I X  M O N T H  F O L L OW- U P

Group*Phase p < 0.0001
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Response to Exercise Intervention
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E R G O N O M I C  G U I D E L I N E S

OHSCO’s Musculoskeletal Disorders Prevention Series

Parts 3A&B: MSD Prevention Toolbox

Lifts Less than 6 hours Lifts more than 6 hours?



TAKE HOME MESSAGES
1)  Standing and Sitting? in constrained conditions can accelerate LBP for some 

individuals ≈50%

2)  Individual risk factors are important when evaluating LBP in sedentary tasks:

 Predisposing MC strategies separated PD from NPD

 Less RoM, different internal spine postures and Initial movements, Sex differences

3) Once Pain has initiated it is residual or cumulative

4)  Exercise can alter individuals predisposed to LBP in sedentary exposures

5)  Strategies to induce movement early? Move Early Move Often

6) Weekly responses: 
• Pain was higher in the evenings than mornings

• Pain status linked to sitting time, the number of standing/walking breaks, and posture 

• Between day pain status (within a person) was linked to movement







TA L K  OVE RVI E W

• Disclaimer

• Sedentary Work Exposures Background

• Office Work exposures and best practice

• Police Cruiser MDT Related Work – where safety and 

safer conflict

• MSD Resources



Number of Accepted Claims for Lost Work due to Back Injury

AWCBC Data 1998-

2005



WSIB Data 1998-2005

2024 WSIB MSK/MSD Average Claim cost is $7,403

Police officers (except comissioned) 
Direct Compensation Cost in Ontario Per Year for MSK Back Injuries 
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Police Occupational Driving

• Occupational Driving

– Risk 2-3X prolonged sitting alone [Kelsey & Hardy, 1975]

• Police officers (particularly traffic) have a large driving work component

• Musculoskeletal complaints increase with annual driving mileage

• Complaints are regional – low back, hips/butts, shoulder & neck

• LBP - 66% of occupational drivers [Porter, Porter & Lee, 1992]

Discomfort 

Frequency
Discomfort 

Location

Gyi et al., 1998

Annual Mileage



Lumbar Posture in Automotive Seats
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L U M B A R  P A S S I V E  S T I F F N E S S  

R E S P O N S E  T O  A U T O M O T I V E  S I T T I N G
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Discomfort Investigation

by Seat Features and Job Demands

Mean Responses to Questionnaire #1
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Seat Features Job Demands



Phase 1 – Police Survey 

No 

Discomfort

Extreme 

Discomfort

0mm 100mm

Overall Seat (46.6mm)

Duty Belt (55.8mm)

Body Armour (36.8mm)



Methods – Duty Belt 

• Duty belt configurations: 

– full (FDB), reduced (RDB)

Personal radio

Flashlight

Asp/baton

Holmes, M. W. R., McKinnon, C. D., Dickerson, C. R., & 

Callaghan, J. P. (2013). Ergonomics, 56(1), 126–136. 



Duty Belt – Seat Interface
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Phase 1 – Police Survey

No 

Discomfort

Extreme 

Discomfort

0mm 100mm

Mobile Data Terminal (60.5mm)



Methods

• In-car digital video capture
– 3.6mm, 0.1 LUX Bullet Camera (Defender Security, Centerville, OH)

– SunPlus SPCA506A (Bronzepoint Security Products, Belleville, IL)



Methods

◼ Common Activity Identification



Results

◼ Percent time in each posture
 Full shift



Results

◼ Percent time in each posture
 Time in vehicle (time out of vehicle omitted)

34% of Time Data Entry Related



Driving or MDT Usage?

vs



Average Peak Discomfort Typing vs Driving

Body Location Driving (mm) Typing (mm) P-value

Neck 3.7 (7.8)* 9.6 (10.2) 0.0434

(L) Shoulder 2.7 (5.4)* 9.5 (9.3) 0.0167

(R ) Shoulder 2.5 (5.6) 8.1 (9.6) 0.0530

Upper Back 7.2 (11.0) 10.2 (10.6) 0.4209

Middle Back 8.6 (9.2)* 19.5 (13.4) 0.0024

Lower Back 19.6 (22.9)* 30.2 (17.8) 0.0464

Pelvis 9.9 (20.4)* 21.4 (24.4) 0.0043

Sacrum/Tail bone 10.8 (21.3) 20.3 (22.5) 0.1420

(L) Buttocks 9.3 (12.9) 15.4 (21.5) 0.1204

(R ) Buttocks 8.9 (13.3) 17.7 (24.1) 0.0657

(L) Thigh 3.3 (4.5) 11.0 (20.6) 0.0889

(R ) Thigh 10.2 (16.3) 12.2 (22.8) 0.7098



Average Peak Discomfort ↑During Typing Condition

Body Location Driving (mm) Typing (mm) P-value

Neck 3.7 (7.8)* 9.6 (10.2) 0.0434

(L) Shoulder 2.7 (5.4)* 9.5 (9.3) 0.0167

(R ) Shoulder 2.5 (5.6) 8.1 (9.6) 0.0530

Upper Back 7.2 (11.0) 10.2 (10.6) 0.4209

Middle Back 8.6 (9.2)* 19.5 (13.4) 0.0024

Lower Back 19.6 (22.9)* 30.2 (17.8) 0.0464

Pelvis 9.9 (20.4)* 21.4 (24.4) 0.0043

Sacrum/Tail bone 10.8 (21.3) 20.3 (22.5) 0.1420

(L) Buttocks 9.3 (12.9) 15.4 (21.5) 0.1204

(R ) Buttocks 8.9 (13.3) 17.7 (24.1) 0.0657

(L) Thigh 3.3 (4.5) 11.0 (20.6) 0.0889

(R ) Thigh 10.2 (16.3) 12.2 (22.8) 0.7098



Can the MDT Discomfort be Mitigated by Location



Simulation Configuration



Evaluation of Mobile Data Terminal Location During a 

Simulated Police Patrol Task Set

Outcome Measure Rank

Outcome Measure
Location 

2
Location 

3
Location 

4
Location 

5
Location 

6

Shoulder RPD 2 4 3 5 1

Low Back RPD 2 3 4 5 1

Mean Elevation Angle 2 5 4 3 1

Mean Resultant Dynamic 
Shoulder Moment

4 2 1 5 3

Muscle Activity Total 3 4 2 5 1

Total Predicted Muscle 
Force

1 4 5 2 3

Average Rank 2.33 3.67 3.17 4.17 1.67

Rank Order 2 4 3 5 1



MDT Location

Positive X direction is posterior; positive Y direction is superior; positive Z direction is 

right (towards passenger seat).

X = 2.96 cm

Y = 45.09 cm

Z = 23.21 cm

+X

+Z



Crown Victoria Decommissioned

Safe Zone on Console

Width 9-11” (23-28cm)

Depth 1.5” (4 cm)

MDT Exemplar with no 

Mounting Hardware:

Width 27cm

Depth 6 cm



TAKE AWAY MESSAGES (N=3 )
1. Scope of problem

 Appears to be an Injury/Lost time issue

2. Research has identified MSD hazards

   Awkward and sustained postures, contact stress, and vibration (prolonged driving) 

3. Link between MSD and annual driving mileage exists
• 50% of their shift seated in the vehicle

• Members of a high vehicle usage group

• Police officers should make an effort to take breaks out of their cruisers to offset 

prolonged exposures to seated postures 



Vehicle versus Office Ergonomics





Workstation

Driving
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PAGE  64

Guideline Website 

Curated resources for 
each user group



Quick Start Guideline

PAGE  65

General Office

https://www.msdprevention.com/Quick-Start-Guide.htm
https://www.msdprevention.com/Quick-Start-Guideline-Office.htm


Body Positioning Posters

• Focused on graphics and easy-to understand messaging 
• Green, yellow, orange colour scheme used throughout resources



PRESENTATION TITLE P



PRESENTATION TITLE PAGE  68



MSD

Workplace Violence

Painkillers 
Addiction

Mental 
Health



PRESENTATION TITLE



PRESENTATION TITLE PAGE  71



Secondary Claims

▪ Mental Health LTC is the fastest 
growing claim category

▪ 1% of MSD claims have secondary 

entitlement



Age & Sex



SIGN UP FOR THE CRE-MSD NEWSLETTER TO 
STAY UP TO DATE ON NEW RESOURCES



THANK YOU
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