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Summary  

This risk assessment of painters’ various work tasks has been carried out during 2021 in collaboration 

between Högskolan i Gävle, the Department of Occupational Health Sciences and Psychology and 

Scanspac, with the main objective of increasing our knowledge of the risks of developing 

musculoskeletal disorders due to physical strain from various smoothing, sanding, and painting 

methods. Such knowledge can be used as a basis for determining and prioritizing potential 

improvement measures and for developing work methods and conditions that minimize the risk of 

musculoskeletal injuries and disorders among painters. 

The purpose of the ergonomic risk assessment was to investigate the risks of developing physical 

injuries in connection with smoothing (spray, hand, and roller smoothing), sanding (manual and 

machine sanding), and painting (spray and roller painting) as well as to assess which of these 

activities and their associated exposures increased the risks for particular body parts. Data was 

collected by observing and filming the work activities, which were analyzed and evaluated using 

RAMP, a validated risk assessment method [1]. The analysis was supplemented with objective 

measurements of the working postures from inclinometers [2].  

The results indicated that there is a high risk of musculoskeletal injury among painters. This high risk 

level denotes that the magnitude and character of the physical strain brought about by the work is 

such that there is a risk of developing physical injury – and that measures to improve the conditions 

should be given high priority. High risk levels were found to a greater extent for ceiling work than for 

wall work, and also to a greater extent for manual work than for machine work (spraying or machine 

sanding), as the latter took less time. The neck was the body part most often at high risk for physical 

strain injury. All phases involving ceiling work indicated a high risk level, due to the prolonged time 

spent with the neck bent backwards. The risks of shoulder and wrist injuries were also high, mainly in 

connection with hand smoothing and manual sanding. The risk levels for the activities increased with 

prolonged working time. Prolonged work with the neck bent backward or with arms at or over 

shoulder height and repetitive and monotonous movements, that is, work postures and movements 

that may not otherwise necessarily create adverse strain in small doses, indicated an increased risk of 

injury when engaged in for a longer time.  

When interpreting the results, it should be kept in mind that the assessments were based on 

observations and measurements of two painters, and that physical strain levels are also influenced 

by factors such as the individuals’ personal characteristics, working techniques, the organizing of the 

work, and opportunities for recovery as well as external factors such as vibrations, stress, and visual 

demands.   

The results show, however, that there is considerable cause to develop working methods and 

practices that lessen adverse physical strain and create sustainable working conditions for the 

painters. The results can serve as a basis for incentivizing and prioritizing improvement measures and 

development projects. 

The painters have given their approval for the pictures to be published in this report.  
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1. Background and Purpose  
The main work tasks of a painter are to smooth, sand, and paint. There are various methods and 

techniques that can be utilized to accomplish these tasks. Much of the work involved in these tasks is 

physically demanding and the occurrence of musculoskeletal injuries in the neck and shoulder is high 

[3].   

The main purpose of the ergonomic risk assessments was to investigate the risks of developing 

musculoskeletal disorders in connection with smoothing (spray, hand, and roller smoothing), sanding 

(manual and machine sanding (using Giraffe sander)), and painting (spray and roller painting) ceilings 

and walls. Another purpose was to determine which of the work methods exposed painters to high 

and adverse physical strain, identifying the body parts effected and why, as well as the nature of the 

exposure in terms of working postures, working movements, duration, etc. that increase the risks of 

injury. A further purpose was to utilize the results to propose potential measures and improvements 

to working practices that could reduce the most adverse physical strains.         

2. Procedures and Methods  
A construction site (new apartment construction) was visited during the fall 2021, where painters 

could be interviewed and the work methods of spray smoothing, machine sanding (Giraffe), and 

spray painting were observed and filmed. All of the steps could not be observed at the construction 

site, so some observations and technical measurements were supplemented in a lab. The work 

methods evaluated were carried out by two experienced and representative painters.  

Based on examinations of the filmed material, the levels of physical strain for each of the work 

methods were analyzed and assessed for postures, work movements and repetitive work in 

accordance with the validated RAMP tool (Risk assessment and management tool for manual 

handling) [1]. The risk assessments were conducted by an experienced ergonomist by assigning 

ratings on questions regarding the working postures and working movements involving various body 

parts and working durations. The results are presented in terms of three levels of risk: “high risk” 

(red), “[moderate] risk” (yellow), and “low risk” (green).  

 High risk. The magnitude and character of the physical strain from the work is such that there is an increased risk that many workers will develop 
physical injuries. Improvement measures should be given high priority.  

 Moderate risk. The magnitude and character of the physical strain from the work is such that there is an increased risk that some workers will 
develop physical injuries. Improvement measures should be taken. 

 Low risk. The magnitude and character of the physical strain from the work is such that the risk of developing physical injuries is low for most 

workers. There may however be a risk for persons with diminished physical capacity. Individually tailored improvement measures may be needed. 

 

Objective measurements of working postures and movements were also made in order to 

complement observed working postures in the risk assessments and in the comparisons between the 

work methods. Inclinometers, small units that are fastened to the body to measure neck, back, and 

arm angles in relation to a (vertical) line of gravity were utilized. These units have integrated USB 

flash drives and are programmed to calculate angles and register and record measurements on body 

angles while working that can be analyzed and presented using Excel [2].  

Time is considered an important risk factor for developing injuries, and the risk levels for most 

physically strenuous work postures are higher when the work duration is between 1 and 2 hours [1]. 
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The risk assessment for the work method was analyzed in accordance with the RAMP tool threshold 

limit values for time, and presented both for up to an hour of effective worktime (<1h), that is, 

worktime not including breaks, and for between one and two hours of effective worktime (1-2h).  

The results of the risk assessments are presented, along with images of the activities, for each of the 

work methods being assessed for smoothing, sanding, and painting, and for the risk categories of 

working posture, working movements, and repetitive work. Tables 1 and 2 present summaries of the 

results for the assessments of the work methods and the risks for problems according to the scale of 

red, yellow, and green.  

 
Limitations  
It is important to keep in mind that physical work strain can vary depending on a number of factors, 

including how the workplace is arranged, how cramped it is, how work is scheduled and organized, 

variations in the work phases, the durations of work tasks, and how work is coordinated with other 

workers, affecting planning and potentially leading to time pressures. Other influencing factors may 

include the use of ladders to stand on and climb up/down; heavy lifting of filler and paint containers; 

pushing/pulling a mixing machine; visually straining work; and dusty environments. Several of these 

factors are addressed in the discussion, but they are not taken into account in the risk assessments of 

the working methods. 

3. Results 

Descriptions and Assessments of the Work Methods 

3.1 Smoothing Ceilings and Walls 

3.1.1 Spray Smoothing Ceilings (and Spreading/Smoothing) 

The tool for spray smoothing weighs approx. 1.2 kilograms and is held in a one-handed neutral hand 

grip. The other hand holds and guides the cord. The spray smoothing tool did not need to be held any 

closer to the ceiling than would still allow the upper arms to remain close to the body and the elbow 

bent. The smoothing could be done with an arm close to the body and by twisting the lower arm 

back and forth (rotating the shoulder joint) when applying the filler, sometimes while slightly lifting 

the upper arm sideways. The back was in a neutral position, but the neck was bent severely 

backwards as the painter needed to look up the entire time during this work (Picture 1). Spreading is 

done to even out the filler after it has been applied by using a long-handled tool with a large bladed 

head (approx. .2 kg without filler) along with a smaller version for the joints. With the lower hand, 

the handle was held with a neutral hand grip with the arm at waist height and close to the body; the 

other hand gripped the handle above head height, and as pressure was applied to the handle, there 

was repeated backward bending and slight sideways bending of the wrist joint (Pictures 2,3).   
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The excess filler was scraped off into buckets that were carried back to the spraying machine (Picture 

4). A single room would produce approx. two buckets weighing approx. 23 kilograms, and three 

apartments would produce about twenty-two buckets.  

Pictures 1-4 

Assessment of the application:  

Estimated for maximum 1h/day: Spray smoothing of the ceiling indicated a low level of physical 

strain for the back, shoulder, and wrists, and a high level of physical strain for the neck due to 

continually bending it backwards. 

Estimated for 1-2h/day: Performing this work for 1-2h/day would also indicate a low level of physical 

strain except in regard to the backward bending of the neck.  

Assessment of the spreading/smoothing:  

Estimated for maximum 1h/day: Spreading/smoothing the ceiling after the application indicated a 

low level of physical strain for the back and a moderate level for the shoulder/arm due to the work 

above shoulder height. The physical strain for the wrist/hand is at a moderate level due to the bent 

and sideways deviated wrist. The backward bending of the neck indicates a high level of physical 

strain.  

Estimated for 1-2h/day: Performing this work for 1-2h/day would increase the physical strain for the 

shoulder to a high level due to the working posture and movements.  

Lifting buckets of filler at an estimated rate of twenty-two buckets per day indicated an increased risk 

of physical strain injury, an activity assessed at 24 risk points (yellow) [4, 5]. 

3.1.2 Hand Smoothing Ceilings  

The hand smoothing of ceilings required standing on a step-ladder as the filler was applied with a 

bladed, “taping” knife and spread on the surface using repetitive arm strokes (Pictures 5-7). The back 

was straight and the neck was constantly bent backward and twisted to the side. The painter climbed 

up the ladder, and then down when it was to be moved, and worked with his application arm at or 

above shoulder height most of the time. The other arm was close to the body with the shoulder in 

neutral position. The painter scraped filler off one tool onto another, a phase that involved frequent 

movements of the wrist joint in bent and sideways deviated positions.   
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Pictures 5-7 
 
Assessment:  

Estimated for maximum 1h/day: Hand smoothing of the ceiling indicated a low level of physical 

strain for the back, a moderate level for the wrist joint postures and movements, and frequencies, 

and a high level for the postures of the neck and shoulder.    

Estimated for 1-2h/day: Performing this work for 1-2h/day would indicate a low level of physical 

strain for the back and a high level for the shoulder/arm and neck. The level for the wrist/hand, 

however, is now moderate to high due to the duration of time in strained postures. 

3.1.3 Roller Smoothing Ceilings (and Spreading/Smoothing) 

A long-handled roller is used to apply filler to the ceilings. The filler is applied by constantly rolling 

the tool back and forth in sideways motions. The painter gripped the end of the roller in one hand 

and guided it by gripping higher up on the handle with the other hand, above shoulder height 

(Pictures 8-10). The back was straight or somewhat bent backward, and the neck was constantly bent 

backward. The wrists were constantly bent during the work. After rolling, the filler on the ceiling is 

smoothed out using essentially the same movements, but there is no excess filler to deal with.  

 
Pictures 8-10 
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Assessment: 

Estimated for maximum 1h/shift: Roller smoothing of the ceiling indicated a low level of physical 

strain for the back, moderate level for the shoulder/arm and the movements of the wrist, and a high 

level for the backward bending of the neck and the movements of the lower arm.  

Estimated for 1-2h/day: Performing this work for 1-2h/day would indicate a high level of physical 

strain, not only for the neck but now also for the shoulder/arm and the wrist posture. 

3.1.4 Spray Smoothing Walls (and Spreading/Smoothing)  

The gun used to spray smoothing weighs approx. 1.2 kilograms and is held in a one-handed neutral 

hand grip. The other hand holds and guides the hose. The upper arms were close to the body while 

the elbow movements involved bending and stretching, and the back movements involved moderate 

bending as the filler was applied to the wall from top to bottom (Pictures 11-13). 

 
Pictures 11-13 
 

After the application, the filler was spread out on the wall using a broad smoothing knife. The filler 

was spread from the top down on one half of the wall and bottom up on the other half (Pictures 14-

16). Filler from the wall was scraped off onto a smoothing knife held in the other hand. At regular 

intervals (after approx. every 5-6 strokes) the filler is scraped off into a filler bucket.  The upper arm 

was positioned at or above shoulder height during most of this work, arm and wrist movements were 

frequent, and the back was in a bent and/or twisted position. 

 
Pictures 14-16 
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Assessment of the application:  
 

Estimated for maximum 1h/day: Spray smoothing of the wall indicated a low level of physical strain 

for the back, shoulder/arm, and wrist and moderate level for the backward bending of the neck. 

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a high level of 

physical strain for the backward bending of the neck. 

Assessment of the smoothing:  

Since the work involves both top to bottom and bottom to top steps, the calculation of effective time 

used in the assessments for the various working movements for the back and arms was reduced by 

half. 

Estimated for maximum 1h/day: The smoothing of the walls after the filler application indicated a 

moderate level of physical strain for the forward-bending and twisting of the back and for the 

posture and movements of the shoulder, while a high level was indicated for the backward bending 

of the neck.  

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a high level of 

physical strain for the posture and movements of the shoulder. 

3.1.5 Hand Smoothing Walls  

Hand smoothing of walls involves applying filler and spreading it out with a smoothing knife: the 

work required repeated upward strokes from the floor to the middle of the wall with the back in a 

severely bent forward position and the neck bent backward as well as repeated strokes downward 

from the ceiling to mid wall with a straight back and somewhat backward-bent neck (Pictures 17-20). 

The wall was not high enough to require standing on a step-ladder. The painter worked with his 

application arm above shoulder height, moving towards the middle and from floor level to the 

middle. The other arm was kept close to the body with the shoulder in a neutral position. 

Bild 17-20 
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The filler was scraped off onto a scraper held in the other hand, sometimes after each stroke, a work 

step in which wrist movements with bent and sideways deviated wrists were frequent (Picture 21).   

Bild 21 
 
Assessment:  

Estimated for maximum 1h/day: Hand smoothing of the wall indicated low levels of physical strain 

for the postures of the back, shoulder, and wrists and a moderate level for the frequency of 

movements of the shoulder and the neck posture. 

Estimated for 1-2h/day: Performing this work for 1-2h/day would indicate a higher level of physical 

strain for the back (moderate) with an increase in severe bends and twists, a high level of strain for 

the neck and shoulder and a moderate level for the wrists due to the postures.  

3.1.6 Roller Smoothing Walls 

To roller filler the walls, a long-handled roller was used to apply the filler from top to bottom.  The 

painter gripped the end of the roller with one hand while guiding it with the other hand gripping 

higher up on the handle. During this work, the hands were sometimes above shoulder height and 

sometimes below waist height. The back was straight when rolling upwards, and slightly forward and 

side bent when rolling downwards. The neck was constantly bent somewhat backward. The wrists 

were constantly sideways deviated during the work (Pictures 22,23). 

After the filler was applied, the surface was scraped through both upward strokes from the floor to 

the middle of the wall with a broad smoothing knife, during which the back was severely bent 

forward and the neck bent backward, as well downward strokes from the ceiling to the middle, 

during which the back was straight and the neck was somewhat bent backward (Pictures 24,25).  

Pictures 22-25 
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Assessment of the application and smoothing:  

Estimated for maximum 1h/day: The roller smoothing of the wall indicated low levels of physical 

strain for the neck, back, shoulder/arm and wrist, and a moderate level for the movements of the 

arm. 

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate moderate levels of 

physical strain for the neck and back due to the increased frequency of severe bends and twists of 

the back.   

3.2 Sanding Ceilings and Walls 

Sanding the ceiling manually took the same amount of time (4 min) as using the “Giraffe” machine 

sander when the surface size was small (12 m2). This kind of sanding by hand requires manual 

pressure and a high movement frequency in order to create the needed friction, potentially making it 

difficult to maintain the same tempo over a longer time. Since the machine sander weighs approx. 

4.5 kilograms, not everyone has the strength to use it.  

While manual sanding of a wall with a small surface size (10 m2) took 2 minutes, machine sanding of 

a similar wall took more time: 4 minutes.  

3.2.1 Manually Sanding Ceilings   

The manual sanding of the ceilings was done with a long-handled tool with a triangular sanding 

surface or “block” at the end; the painter moved sideways while continually making forwards and 

backwards movements with the tool. The back was straight, sometimes twisted; the neck was bent 

backward and sometimes twisted; one arm was at or above shoulder height; and the wrist of the 

upper hand was bent backward (Pictures 26-28). 

 
Pictures 26-28 

  
Assessment:  

Estimated for maximum 1h/day: Manually sanding the ceiling indicated a moderate level of physical 

strain for the shoulder posture with a hand above shoulder height, and a high level for the arm and 

wrist movements and backward bent neck. 
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Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a high level of 

physical strain for the shoulder and arm positions. 

3.2.2 Machine Sanding Ceilings (with “Giraffe” sander) 

When machine sanding the ceiling with the Giraffe sander, the painter’s back was somewhat bent 

backward and his neck was severely bent backward. One or the other arm was held close to the body 

with the elbow at about a 90-degree angle and the machine resting in the hand, exerting upward 

pressure (needed by the tool) towards the ceiling. The other hand gripped the machine higher up on 

the handle, above head height, in order to balance and guide its movements. The machine was held 

a bit away from the body. The wrist guiding the movements was sometimes bent backward and 

sideways deviated. The painter alternated his gripping hands about every 50 seconds (Pictures 29,30)  

The height of the ceiling affected the working posture: when sanding a lower ceiling, the arms were 

closer to the body and the neck and back were less backward bent, but the back was more twisted to 

the side and the bending of the wrist joints was more pronounced (Pictures 31,32).        

Pictures 29,30               Pictures 31,32 
 
Assessment:  

Estimated for maximum 1h/day: Machine sanding (with “Giraffe” sander) of the ceiling indicated a 

moderate level of physical strain for the slight backward bending of the back and the frequent 

movements of the shoulder with the hand above shoulder height. A high level of physical strain was 

assessed for the movements of the arm and for the backward bending of the neck.  

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a moderate level of 

physical strain for the wrists and a high level for the posture of the shoulder/arm. 

Machine sanding a higher ceiling (Pictures 29,30) indicates a higher level of strain for the back than 

with a lower ceiling, due to a greater backward bending of the back. 

3.2.3 Manually Sanding Walls  

A long-handled tool with a triangular sanding surface, or “block,” at the end was used to manually 

sand the walls. The painter moved along the wall with the handle by his side and sanded the wall 

using continuous upward and downward movements. When sanding in a downward position, the 
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back was severely bent and the neck was twisted in one direction. When sanding in an upward 

position, one arm was at shoulder height and the wrists were bent at certain points (Pictures 33,34).  

Pictures 33,34 

 
Assessment:  

Estimated for max 1h/day: Manually sanding the wall indicated a moderate level of physical strain 

for the severe forward bending of the back and for the shoulder posture, and a high level for the arm 

and wrist movements. 

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a high level of 

physical strain for the posture of the back and shoulder.  

3.2.4 Machine Sanding Walls (with “Giraffe” sander) 

When machine sanding the walls with the Giraffe sander, the painter’s arms and hands were close to 

his body. He stood rather close to the wall and held onto the end handle with one hand while 

gripping further up the handle with the other hand, guiding the sander with continuous upward and 

downward movements. The back was severely bent when sanding in a downward position, with the 

neck twisted towards the wall. The arm movement was upward to shoulder height. The wrist of the 

guiding hand was sometimes bent backward and sideways deviated (Pictures 35-37)  

Bild 35-37 
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Assessment:  

Estimated for maximum 1h/day: Machine sanding of walls with the Giraffe sander indicated a 

moderate level of physical strain for the severe forward bending of the back and for the posture of 

the shoulder. A high level was indicated for the movements of the arm.  

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a high level of 

physical strain for the posture of the back and the shoulder. 

3.3 Painting Ceilings and Walls 

3.3.1 Spray Painting Ceilings  

Spray painting walls with a paint sprayer takes less time than roller painting and has been described 

as less demanding, but this method was not observed and assessed in this risk assessment. 

3.3.2 Roller Painting Ceilings  

A long-handled tool with a roller on the end is used for roller painting ceilings. The painter applied 

the paint by rolling it on back and forth in a sideways progression across the ceiling. The end of the 

handle was gripped with one hand, while the other hand gripped further up the handle and was at or 

above shoulder height when guiding the movement of the tool (Pictures 38-40). The back was 

straight and the neck was constantly bent backward. The wrists joints were constantly bent during 

the work. 

Pictures 38-40 

Assessment:  

Estimated for maximum 1h/day: The painting of ceilings with a roller indicates a low level of physical 

strain for the back, a moderate level for the shoulder/arm and the wrist movements, and a high level 

for the backward bent neck and for the movements of the stabilizing arm.  

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a high level of 

physical strain for not only the posture of the neck but also for the posture of the shoulder/arm.  

3.3.3 Spray Painting Walls  

The tool for spray painting weighs approx. 1 kilogram and has a long handle in order to apply the 

paint close to the wall. The handle was held in both hands, one hand gripping further up the handle 
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to guide its movement. The paint was applied top to bottom via lowering and raising movements of 

the tool with one arm, during which the back was slightly bent/stretched and twisted (Pictures 

41,42).  

Pictures 41-42              Pictures 43-44 
 

Assessment:  

Estimated for maximum 1h/day: The spray painting of walls indicated a low level of physical strain 

for the posture of the neck, back, shoulder, and wrists.   

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a moderate level of 

physical strain for the posture and frequent movements of the shoulder. 

3.3.4 Roller Painting Walls  

After the paint is applied through spraying, a roller is used on the wall, using upward and downward 

motions. The roller has a long handle (depending on the ceiling height) (Pictures 43,44). The arms 

varied from being held above shoulder height to below waist height. The repeated movements of the 

wrists were sideways deviated and bent.  

Assessment:  

Estimated for maximum 1h/day: Painting the wall with the roller indicated a low level of physical 

strain for the postures of the neck, back, shoulder, and wrists.   

Estimated for 1-2h/day: Performing this work for 1-2h/day would now indicate a moderate level of 

physical strain for the postures of the back, shoulder, and wrists. 

3.4 Summary of Results 
The work on the ceilings was generally more physically straining and showed more high risks (red) of 

musculoskeletal injury than the work on the walls. Manual smoothing, sanding, and painting put 

more physical strain on the body than the more technological methods of spray smoothing, machine 

sanding, and spray painting. This was not only due to the working postures and movements but also 

due to the work taking less time (Tables 2 and 3). Disregarding the impact of duration, the greatest 
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number of high risks of injury among the activities were found for hand smoothing of ceilings and 

manual sanding of walls. The risk of neck injury was high for all of the types of work on the ceilings. 

The duration of the work is an important factor for the risk of developing musculoskeletal injury. 

According to established benchmarks, for example, working with one’s neck bent >10° backwards for 

≥10% of the working day, arm elevated >60° for ≥10% or >30% for ≥50% of the working day is 

harmful [6]. Ten percent of a working day is the equivalent of less than an hour of a workday.  

Objective measurements (inclinometer) were used to complement the evaluations of working 

postures.  We measured work phases of smoothing, sanding and painting a surface area to get an 

indication of the proportions of time spent in risky working postures (Table 1). For example, the 

measurements showed that the painter worked with his neck bent more than 10 degrees backward 

for 60%-90% of the time measured while working on ceilings, and for 25%-37% of the time while 

working on walls, that is, more than 10% of the work period. The work periods measured were only 

between 2 and 15 minutes in duration (Table 1), however, these activities involved a neck posture 

where the neck was bent >10° backwards for more than 10% of the time, and thus it would not be 

possible to work a whole working day without exceeding the limit of 10% of a working day which is 

the equivalent of about 42 minutes (10% of a seven hour workday).  

 

Table 1. Working postures for the neck, back, and arms for some of the methods of smoothing, sanding, and painting 

ceilings and walls. The figures present the working durations (%) that exceed the benchmark values for the neck, back, and 

arms. 

 

3.4.1 Smoothing 

Spray smoothing (and smoothing) of the ceiling (approx. 7 m2 surface) took the least amount of time 

out of all of the smoothing methods (approx. 3 min); roller smoothing took second least (approx. 10 

min), and hand smoothing took the most time (approx.. 15 min). The pattern was similar for 

smoothing of the walls (approx. 8 m2): spray smoothing took the least time (approx. 5 min), roller 
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smoothing took second next least (approx. 7 min), and hand smoothing took the longest (approx. 9 

min).  

Spray smoothing of the ceilings and walls was least physically straining during the filler application 

phases, but the risk of musculoskeletal injury to the neck became higher over a longer duration due 

to prolonged severe backward bending at more than a 10-degree angle. The backward bending of 

the neck was not measured for spray smoothing, but the working posture indicates that the painter 

needed to look quite sharply up at the ceiling (Picture 1), leading to a posture with a severely 

backward bent neck, straight back, and arms close to the body. According to the benchmark values, 

working should not involve being in a backward bent 10-degree neck position for more than 10 

percent of the worktime [6], which equates to a little over 40 minutes of a workday (of approx. 7 h 

excluding breaks). The phases of smoothing away the excess filler on the walls and ceiling indicated a 

higher risk (a high level) of physical strain for the shoulder. Lifting/carrying the buckets of filler was 

also a contributing factor to the increased risk of musculoskeletal injuries. 

Hand smoothing of ceilings and of walls took more time than the other methods, approx. 30 percent 

more time than roller smoothing, and was assessed to involve the most red-level (high risk) working 

positions and movements. The risks of musculoskeletal injuries to the shoulder and wrists were high 

due to the position of the arms high above and away from the body and the continuous movements 

of the wrists in extreme positions. According to the benchmark values, working should not involve 

being in position where the arms are at more than a 30-degree angle during 50 percent or more of 

the worktime or bent at a 60-degree angle for 10 percent or more of the worktime if the lower arms 

are not relieved from the load [6]. The measurements showed, when hand smoothing and roller 

smoothing, the guiding arm at over a 30-degree angle for more than 50 percent of the worktime 

(58%-68%) and at over a 60-degree angle for more than 10 percent of the time (11%-41%) (Table 1). 

Roller smoothing of the ceiling showed the highest percentage, with 41 percent of the worktime 

spent with the arm over 60 degrees. Otherwise, the working arm positions for the other phases of 

hand and roller smoothing were quite similar to each other, although hand smoothing took longer 

time, which increased the risk exposure. 

Roller smoothing indicated fewer risks than hand smoothing, with the fact that wrists were less 

impacted being an important factor. The speed of the wrist movements was not measured; a high 

movement speed would indicate a greater risk of developing musculoskeletal injury, and the risk 

would further increase if the work is demanding, as hand smoothing can be [6]. Roller smoothing of 

walls also indicated a low level of risk for the neck, although it should be noted that the walls were 

relatively low, which impacts working positions and movements. Working on a higher wall would 

involve increased backward bending of both the neck and the guiding arm.  

3.4.2 Sanding  

Manually sanding the ceiling took the same amount of time as machine sanding with the Giraffe 

sander; manual sanding, however, was assessed to involve more red-level (high) risks than machine 

sanding for both ceilings and walls. Machine sanding of walls took a longer time than the manual 

sanding, but it should be noted that the measured durations were short (4 & 2 min respectively). 

Manual sanding required a high tempo and exerting pressure to the sanding surface in order to 

create the necessary friction, demanding a level of physical effort that could be difficult to maintain 
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for a prolonged work session. High movement speeds of the arms and wrists also increases the risk of 

musculoskeletal injury when sanding manually [6]. 

The exposure to physical strain on the body was similar for both manual sanding and machine 

sanding of ceilings, indicating a high risk for the shoulder due to the arms being above shoulder 

height and continual movements. The machine sanding of a higher ceiling (Pictures 29,30) involved 

more bending of the back and neck than occurred when machine sanding the lower ceiling. The 

backward bending of the neck, in regard to both manual and machine sanding, indicated a high level 

of risk for the neck, as it was bent more than 10 degrees for more than 90 percent of the worktime 

(Table 1), a considerable duration in light of the fact that the risk increases once this condition occurs 

for 10 percent or more of the worktime, according to the benchmark values [6].    

For both manual and machine sanding of ceilings and walls, the guiding arm, that is, the arm whose 

hand is gripped higher up on the handle, was positioned at over a 30-degree angle for more than 50 

percent of the worktime (53%-72%). Also, this arm was at over a 60-degree angle for more than 10 

percent of the worktime when machine sanding the ceiling (45%) and when manually sanding the 

wall (25%) (Table 1). Manual sanding of the ceiling did not involve angling the arm over 60 degrees 

most likely because the handle of the tool was long enough for the arms to remain closer to the 

body.   

3.4.3 Painting 

The spray painting of walls took much less time than roller painting and put less physical strain on the 

body and indicated fewer risks than roller painting, partly because of the duration of the work. The 

long mouthpiece of the paint sprayer allowed the painter to stand further away from the wall, which 

lessened the extreme backward bending of the neck. While prolonged spray painting of walls would 

lead to a somewhat increased risk of injury for the shoulder, due to the shorter duration of the work, 

the risk is at the yellow level.   

Roller painting indicated a higher risk level for the shoulder and wrists than spray painting due to the 

amount of time spent in adverse working postures and movements. The risk levels for the neck were 

high due to it being bent backward at more than 10 degrees for 86 percent of the worktime when 

painting the ceiling and for 28 percent of the worktime when painting the walls (Table 1) [6]. 

The guiding arm when roller painting the ceiling was at a 30-degree angle for more than half the 

worktime (69%), while the risks indicated for roller painting of walls were lower (Table 1). 
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Table 2. Assessment results for the work tasks and various methods of smoothing, sanding, and painting the CEILING. The risk levels for the working 

positions and movements were assessed according to work duration (less than 1h & 1-2h) and given red (high risk), yellow (moderate risk) and green (low 

risk) colors in line with RAMP [2].  

 

  

CEILING 
SMOOTHING SANDING PAINTING 

Scrape              
7 m2

 
Scrape            
7 m2

 
Spray              
7 m2

 
Spray              
7 m2

 
Hand                
7 m2

 
Hand                
7 m2

 
Roller           
7 m2

 
Roller           
7 m2

 
Hand          
12 m2

 
Hand           
12 m2

 
Giraffe        
12 m2

 
Giraffe        
12 m2

 
Roller         
10 m2

 
Roller         
10 m2

 
Square meter per shift in 1h work  140 m2/h

 
140 m2/h

 
28 m2/h

 
42 m2/h

 
180 m2/h

 
180 m2/h

 
60 m2/h

 Time in work task 2 min  1 min 15 min 10 min 4 min 4 min 10 min 
  < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h 
WORK POSTURES   
Posture of the head - forwards and to the side                             
Posture of the head - backwards                             
Back posture - moderate bending                             
Back posture - considerable bending and twisting                             
Upper arm posture - hand in or above shoulder hight                             
Upper arm posture - hand in or outside the outer work area                             
Wrist posture                             
WORK MOVEMENTS AND REPETITIVE WORK   
Movements of the arm (upper and lower arm)                             
Movements of the wrists                             
                 
Summary of the assessment:                
Number of red assessments (high risk):                                  41 1 3 1 1 3 4 2 4 3 6 2 5 2 4 
Number of yellow assessments (moderate risk):                  37 3 2 1 1 4 3 3 2 3 2 4 3 4 2 
Number of green assessment (low risk):                                48 5 4 7 7 2 2 4 3 3 1 3 1 3 3 

 

 

  
  



20 
 

Table 3. Assessment results for the work tasks and various methods of smoothing, sanding, and painting the WALL. The risk levels for the working positions 

and movements were assessed according to work duration (less than 1h & 1-2h) and given red (high risk), yellow (moderate risk) and green (low risk) colors 

in line with RAMP [2]. 

 

  

WALL                               
Smoothing Sanding Painting 

Scrape            
8 m2

 
Scrape              
8 m2

 
Spray                
8 m2

 
Spray              
8 m2

 
Hand              
8 m2

 
Hand                
8 m2

 
Roller           
8 m2

 
Roller           
8 m2

 
Hand          
10 m2

 
Hand          
10 m2

 
Giraffe       
10 m2

 
Giraffe        
10 m2

 
Spray            
8 m2

 
Spray            
8 m2

 
Roller           
8 m2

 
Roller           
8 m2

 
Square meter per shift in 1h work  96 m2/h

 
96 m2/h

 
53 m2/h

 
68 m2/h

 
300 m2/h

 
150 m2/h

 
300 m2/h

 
80 m2/h

 
Time in work task 4 min 1 min 9 min 7 min 2 min 4 min 2 min 6 min 
  < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h < 1 h 1-2 h 
WORK POSTURES   
Posture of the head - forwards and to the side                                 
Posture of the head - backwards                                 
Back posture - moderate bending                                 
Back posture - considerable bending and twisting                                 
Upper arm posture - hand in or above shoulder hight                                 
Upper arm posture - hand in or outside the outer work area                                 
Wrist posture                                 
WORK MOVEMENTS AND REPETITIVE WORK   
Movements of the arm (upper and lower arm)                                 
Movements of the wrists                                 
                   
Summary of the assessment:                  
Number of red assessments (high risk):                                     19 0 4 0 1 0 3 0 0 2 4 1 3 0 0 0 1 
Number of yellow assessments (moderate risk):                     46 2 5 2 1 2 4 1 4 2 3 3 4 1 4 2 6 
Number of green assessment (low risk):                                   79 7 0 7 7 7 2 8 5 5 2 5 2 8 5 7 2 
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4. Discussion 
The risks of developing musculoskeletal injuries depends on the kind of work being carried out and 

how often and long it occurs over a workday. Performing a certain work task that is not assessed as 

risky on its own may be considered risky when done repeatedly for a longer duration over the work 

shift, or when in combination with other kinds of work that put physical strain on the same body 

parts.  

The risk assessments of the painters indicated that working on the ceiling put more physical strain on 

the neck than working on the wall did for all of the work phases and methods, due to prolonged and 

severe backward bending and the very high risk of neck injury. Another influencing risk factor for 

neck injury, which was not considered in the risk assessments, relates to the visual demands of the 

work.  

Besides the risk of neck injury, the results also showed a high risk of injury for the shoulders from 

work in which the arms are held above shoulder height as well as a high risk of injury for the wrists 

from work where they are bent in extreme positions and making frequent movements. There is good 

evidence that working with one’s arms above shoulder height increases the risk of shoulder injury 

[7]. Prolonged work with one’s arm positioned at or above shoulder height increases the risk of injury 

to the rotator cuff and biceps tendon due to a lack of blood supply and, in the long term, 

degeneration [8].  

The results from the risk assessment are in line with those of a previous study of painters in which 

the occurrence of musculoskeletal injuries was examined among 85,000 construction workers 

associated with Bygghälsan, a nonprofit organization promoting safe and healthy working conditions 

for construction workers, between 1989 and 1992. This study found that the risk of neck and 

shoulder injury was very high among painters and crane operators [3]. Other studies have found that 

there is a higher risk of incapacity for work and disability pension among construction workers, 

including painters, due to musculoskeletal injuries, compared to the rest of the working population 

[9, 10].   

Spray smoothing of the ceiling indicated a lower level of physical strain for the neck and shoulder 

compared to hand smoothing; the working postures were more favorable, and since the work took 

less time, the exposure time was shorter. The observed painter performed the work in an 

ergonomically favorable way, with his arms close to his body; however, it is not inconceivable that 

other painters might hold their arm and the mouthpiece higher up towards the ceiling and use larger 

movements. The duration of the work would still be shorter than hand smoothing but the working 

positions and the expanded movements of the arm and shoulder would increase the risk of 

overstraining the shoulder.  

Previous studies have also found that a high degree of physical strain is mainly experienced in the 

shoulders, wrists, and hands when smoothing [11], and that a reduction in unfavorable working 

positions for the arms and in frequent wrist movements would be needed to reduce the risk of injury 

[11, 12]. According to one study, a technology-based intervention introducing the use of the Apla-

Tech pneumatic tool revealed that the painters experienced a lower frequency of movements of the 
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shoulder and wrists as well as less discomfort in the shoulders and back [12]. An interesting finding, 

but it is unclear how common the use of this tool is in the profession.  

Based on the results of the risk assessment, it appears that the levels of physical strain incurred from 

manual sanding and from machine sanding with the Giraffe sander do not markedly differ, except in 

regard to the movements of the wrists, whose frequency and speed were higher, and thus indicative 

of higher risk, for manual sanding. The machine sander, however, requires a strong enough physique 

(and particular technique) to be able to manipulate it, whereas manual sanding, as described above, 

requires a high tempo and adequate strength to create the friction needed for sanding. In a previous 

study, it has also been found that muscular strains, both static and dynamic, were located higher in 

the shoulder and forearm muscles for manual sanding, in connection with creating friction between 

the sanding surface and the wall, as compared to using the Giraffe sander [13]. In another study 

where painters reported which sanding-related work tasks they perceived to be most physically 

stressing, shoulder and wrists/hands were reported as the most physically stressed body parts, and 

the sanding of ceilings without a long-handled tool was reported to be somewhat more physically 

stressing than with a long-handled tool, although both activities received high ratings: around 5 on a 

7-point scale where 7 indicated a great deal of physical stress [11].    

Stenlund et al. (2002) examined various manual sanding techniques for ceilings, when using a long-

handled tool with a sanding surface (“grinding block”) on the end, in order to find out if the working 

technique mattered in regard to shoulder injury [14]. Three techniques were identified: the “normal 

technique” involved holding the tool with one hand at the end of the handle and the other hand 

further up the handle, with both thumbs pointing upward, and the sanding was done through 

rotating and pivoting movements; the “reversed grip technique” involved similar movements but the 

upper hand gripped the handle with the thumb pointing downward towards the other thumb with 

the backside of the hand facing the painter; the “pushing technique” used the same grips as the 

normal technique but the handle movements were small and back and forth in a parallel direction 

(see Pictures 26-28 of manual sanding). The normal technique was most common but those who 

used the pushing technique reported experiencing less physical strain on the shoulders and this 

technique was found to be less straining on the rotator cuff (supraspinatus). The study was small but 

the results indicate that technique can matter in regard to the development of injury. 

An advantage with using a Giraffe machine sander is that certain models attach to a vacuuming unit 

that functions to reduce the painter’s exposure to the sanding dust. At construction sites, painters 

are exposed to dust particles that are probably not only produced by their own filler sanding but also 

produced by other kinds of work at the site. The level of risk of airborne dust particles depends on 

their concentration, the duration of exposure (the longer, the greater risk), the size of the particles, 

and their chemical makeup [15]. Workplace exposure limits for the concentration of various types of 

airborne particles at construction sites over the course of a workday have been set by the Swedish 

Work Environment Authority (2018:1).  A painter’s exposure to dust particles not only depends on 

the type of tool used but also on the quality of the preceding smoothing work in terms of the type of 

filler used and how well it is distributed over the surface. Dust-reducing measures, such as the use of 

suction hoods, dust separators, and dust vacuums that attach to the Giraffe, can and should be 

taken.  
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In a report from IVL Swedish Environmental Research Institute [15], measurements are presented of 

dust particle exposures at a construction site in connection with painters’ various working methods, 

including sanding with a block and a Giraffe sander with and without a vacuum, as well as in relation 

to various working conditions, such as cramped workspaces. The results showed that the 

concentration of inhalable dust was around or over the limit when a sanding block was used on an 

even surface (which should be mounted on a handle so that the painter is further away from the 

dust). The exposure limit could easily be exceeded if dust from other work was also being spread in 

the air. Dust masks are recommended when sanding uneven and perforated surfaces or when 

working in tight spaces; P3 filters are recommended when working with material containing quartz. 

The exposure to dust was reduced when sanding with a Giraffe sander equipped with a sanding disk 

with vacuuming holes. If the filler does not contain quartz and dust is not spreading from other work 

at the worksite dusk masks would not be necessary when sanding with a Giraffe sander, and cleaning 

time would be reduced.  

Recommendations for Improvement Measures 
In order to reduce physical strains and the risks of developing musculoskeletal disorders, the working 

postures of the neck, shoulders, and wrists need to be improved, and the frequency of the working 

movements reduced. Working in proper and less physically straining postures will reduce the health 

risks for the painter, but it will also increase the time needed for the work.  

Technical improvements: 

 

• A longer tip extension (with a harness to take the load off the arms and shoulder) when spray 
smoothing ceilings and walls may enable the filler to be applied a bit in front of the body 
when working on the ceiling, and a bit away from the wall when working on a wall. If work on 
the ceiling could involve looking a bit in front of where one is standing, the backward 
bending of the neck could be lessened. 

• Develop a four-point harness to decrease the weight load from holding a Giraffe sander.  

• A maneuverable handgrip on the Giraffe sander handle may allow the arms to be positioned 
closer to the body and allow the wrist to be straight when the hand guides the handle. 

• Develop robotic solutions for sanding ceilings and walls.  
 
Organizational and individual measures (short term): 
 

• Become educated in ergonomics; everyone should be knowledgeable about the risks and 
consequences associated with various working postures and working movements. 

• Training in and practicing the various work tasks and methods; everyone should be adept at 
and with all of the tasks, methods, and equipment involved in order to alleviate strain-
reducing rotation between different work tasks during a workday. 

• Take into account how the work tasks and methods put physical strain on different body 
parts when planning the work rotation 

• Ensure that the lighting at the worksite is adequate (as it may affect working postures) 

• If spray smoothing is not feasible, utilize roller smoothing rather than hand smoothing if 
possible 

• Use neck support 
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