
Application of the Lumbar 
Motion Monitor Model in 

Hotel Housekeeping



Hotel Housekeeping 

• Room Styles
– King Checkout
– King Stay Over 
– Double Checkout
– Double Stay Over

• Number of Workers
– 2 housekeeping employees cleaned two king 

checkouts 



Bed Tasks
• Comforter Off
• Pillow Cases Off
• Sheets Off Bed
• Lift Mattress Foot
• Lift Mattress Head
• Sheets On Bed
• Tuck Sheet
• Pillow Cases On
• Pillows On Bed
• Comforter On 



Room Cleaning Tasks

• Dust
• Clean Surface 

(Bar/Bathroom 
Counter)

• Replenish from Cart
• Check Drawers
• Towel Pickup
• Vacuum
• Push/Pull Cart

• Clean Mirror (2)
• Clean Toilet
• Clean Tub
• Clean Shower Tile
• Clean Floor (Bath)
• Fill Pillow Case
• Take Out Trash
• Iron/Board Away



Lumbar Motion Monitor
(LMM) Risk Assessment

Lift Rate 
(Lifts/hour)87.3   112.2  137.1   162.1   187.0  211.9  236.9  261.8   286.8

3.8     4.9      5.9       7.0      8.1       9.2     10.3    11.4     12.4

17.8    22.9    28.1    33.2    38.3    43.4     48.5    53.6   58.7

6.7       8.6    10.5     12.4    14.3     16.2    18.1    20.0 21.9

19.4     25.0    30.5    36.1    41.7    47.2    52.8     58.3  63.9

Probability of High Risk Group Membership

Maximum Lateral 
Velocity(deg/sec)

Average Twisting
Velocity (deg/sec)

Maximum Sagittal
Flexion (degrees)

Maximum Moment 
(ft-lb)
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Hotel Housekeeping 
Risk Assessment

• Lift/hour = Exertions/hour
• Average # of Exertions/Room = 211

– 26% of exertions were bed tasks
– 29% of exertions were bathroom tasks
– 20% of exertions were vacuum

• Exertions/hour = 211(14)/8
• Exertions/hour = 369
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Overall LMM Risk
Rooms Style : King Checkout 

Average Probability of Low Back Disorder Risk : 91%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7



0 10 20 30 40 50 60 70 80 90 100

Overall LMM Risk (No Push/Pull Cart)

Average Probability of Low Back Disorder Risk : 76%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7



Bed Making Tasks
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Task Risk: Overall Bed Making Tasks 

Average Probability of Low Back Disorder Risk : 74%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7
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Task Risk: Pillow Cases Off

Average Probability of Low Back Disorder Risk : 46%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4      37.2      41.6    46.1      50.9     56.8      65.7



0 10 20 30 40 50 60 70 80 90 100

Task Risk : Sheet Off Bed

Average Probability of Low Back Disorder Risk : 46%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4      37.2      41.6    46.1      50.9     56.8      65.7
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Task Risk: Lift Mattress Foot

Average Probability of Low Back Disorder Risk : 62%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4      37.2      41.6    46.1      50.9     56.8      65.7
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Task Risk: Lift Mattress Head

Average Probability of Low Back Disorder Risk : 59%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4      37.2      41.6    46.1      50.9     56.8      65.7
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Task Risk: Sheet On Bed

Average Probability of Low Back Disorder Risk : 52%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4      37.2      41.6    46.1      50.9     56.8      65.7
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Task Risk: Pillow Cases On

Average Probability of Low Back Disorder Risk : 51%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4      37.2      41.6    46.1      50.9     56.8      65.7
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Task Risk: Comforter On Bed

Average Probability of Low Back Disorder Risk : 54%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4      37.2      41.6    46.1      50.9     56.8      65.7
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Task Risk: Comforter Off Bed

Average Probability of Low Back Disorder Risk : 37%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4      37.2      41.6    46.1      50.9     56.8      65.7



Summary of 
Bed Making Task Risk 

• Pillow Cases Off 46%
• Sheet Off Bed 46%
• Lift Mattress Foot 62%
• Lift Mattress Head 59%
• Sheet On Bed 52%
• Pillow Cases On 51%
• Comforter On Bed 54%
• Comforter Off Bed 37%



Bathroom Tasks



0 10 20 30 40 50 60 70 80 90 100

Task Risk: Overall Bathroom Tasks 

Average Probability of Low Back Disorder Risk : 70%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7



0 10 20 30 40 50 60 70 80 90 100

Task Risk: Cleaning Tub 

Average Probability of Low Back Disorder Risk : 54%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7
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Task Risk: Clean Shower Tile

Average Probability of Low Back Disorder Risk : 68%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7



0 10 20 30 40 50 60 70 80 90 100

Task Risk: Clean Toilet

Average Probability of Low Back Disorder Risk : 54%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7
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Task Risk: Clean Floor (Bath)

Average Probability of Low Back Disorder Risk : 59%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7



Summary of 
Bathroom Task Risk

• Clean Tub 54%
• Clean Shower Tile 68%
• Clean Toilet 54%
• Clean Floor (Bath) 59%



Bathroom and Bar Area



0 10 20 30 40 50 60 70 80 90 100

Task Risk: Clean Surface

Average Probability of Low Back Disorder Risk : 42%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7
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Task Risk: Clean Mirror

Average Probability of Low Back Disorder Risk : 35%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7
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Task Risk: Re-stock from Cart

Average Probability of Low Back Disorder Risk : 45%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7



General Room 
Cleaning Tasks



0 10 20 30 40 50 60 70 80 90 100

Task Risk: Vacuum

Average Probability of Low Back Disorder Risk : 61%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7
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Task Risk: Dust

Average Probability of Low Back Disorder Risk : 57%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7



0 10 20 30 40 50 60 70 80 90 100

Task Risk: Push/Pull Cart

Average Probability of Low Back Disorder Risk : 49%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7



0 10 20 30 40 50 60 70 80 90 100

Task Risk: Drawer Check (only for checkout)

Average Probability of Low Back Disorder Risk : 43%
Lift rate
(Lifts/hour)

Average Twisting 
Velocity (deg/sec)

Maximum Moment 
(Nm)

Maximum Sagittal 
Flexion (degrees)

Maximum Lateral 
Velocity (deg/sec)

Probability of High Risk Group Membership
Probability of High Risk Group Membership

79       119      145  167      187       207       229      255       295

3.4       5.2        6.3       7.2        8.1        8.9       9.9      11.1      12.8

16.2      24.3     29.7     34.1     38.3      42.3      46.8     52.2      60.3

6.0        9.1       11.1     12.8      14.3     15.8     17.5     19.5      22.5

17.6     26.4      32.4     37.2      41.6   46.1      50.9     56.8      65.7
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