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A B S T R A C T 

 

Due to the limitations of each method of posture evaluation; 
the results from the comparison and evaluation of combined 
methods in order to complete and assess a comprehensive list of 
risk factors of activities is important. The purpose of this study was 
evaluated risk factors of manual handling, repetitive tasks and to 
determine the correlation between the results from two MAC and 
ART techniques. In this descriptive-analytical study, 50 workers 
who were working in 25 jobs were studied. In each task, after 
interviewing workers and observing their work cycles, a video was 
produced and the risk factors related to each activity were 
evaluated separately in accordance with both MAC and ART 
techniques. The correlations two techniques were examined by 
spss16 using Pearson correlation test. In accordance with the ART 
and MAC, 16% of the work stations are at high risk level ART and 
MAC techniques showed that in stations of manual handling and 
repetitive movements are carried out, ratings of the two 
techniques are different. Also, a significant positive correlation 
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(R=0.725) in the evaluation of musculoskeletal disorders were 
observed with the aforementioned methods. The findings of this 
study confirm the agreement between the two techniques of risk 
assessments that can be lowered by designing, modification of 
workplace, planning and implementation of ergonomic on the job 
training and establishing the appropriate work-rest cycle, 
musculoskeletal disorders. 

© 2015 Sjournals. All rights reserved. 

1. Introduction 

Musculoskeletal disorders are considered as one of the most widespread and costly job injuries(HP 
FA 2000). These disorders are the main reason of the harms and disabilities caused by working in the 
developed and developing countries(Chobineh A TR 2004). Musculoskeletal disorders are the major cause 
of loss of time, rising costs and human injuries of the labor force, and the main reason for staff’s absences 
from work(Choobineh A TS 2007). Although the outbreak of these disorders has decreased in recent 
years, yet they account for a high percentage of a variety of job injuries in major industries(Choobineh A 
TS 2009). and include more than 85% of the laborers’ compensation claims(Choobineh A RA 2006). The 
Bureau of Labor Statistics in the USA has declared that 44% of all the reported job injuries in America are 
related to musculoskeletal disorders(BB 1996). Based on a report by the Medical Committee of Social 
Security Organization of Tehran Province, these disorders account for 14.4% of the disablement 
diseases(Pransky G 2009). Nowadays, manual handling of the loads forms a large part of the laborers’ 
tasks in most industries of the country(AJIM 2000). This physical activity is considered as one of the risk 
factors of the musculoskeletal disorders(Kanavos and Mossialos 1999, Kanavos Panos 2000, Karwowski W 
2000). 

Manual handling of the loads refers to lifting, lowering, pushing, pulling, and carrying loads manually 
which may lead to work-related musculoskeletal disorders(S 2005). It is the major cause of laborers’ 
injuries in the USA, and 4 out of 5 injuries are related to the Low Back Pains (LBP) caused by manual 
handling of the loads (Takala 2008). Statistical findings revealed that about 50% of LBPs are caused by 
lifting the loads, 10% are due to pushing and 6% are related to carrying them(Choobineh A TS 2007). Of 
the studies based on MAC (Manual-handling Assessment Charts) method the comparison between the 
MAC and NIOSH (National Institute of Safety and Health) can be noted; the results of this research 
indicated that the risk level in the studied units are high, and both methods are in total agreement about 
risk assessment(A. Dormohammadi MM 2013). Based on the results of another research based on the 
mentioned methods, no significant relationship between NIOSH lifting equation and MAC method was 
detected(z panj ali 2011). Using the ART (Assessment of Repetitive Tasks ) method, the results revealed 
that 35% of the tasks are in a high risk level (Abbaszahed R 2013). According to another research based on 
ART aiming to assess body condition, the risk rate of the right hand was determined higher than the left 
hand(Jafari rodband 2014). Comparing the risk rate of upper-extremity disorders related to manual and 
automatic tasks, results revealed that the manual tasks risk rate is higher(McLeod, Zochowska et al. 2012). 
In some industries such as hygiene products in Qazvin most of the tasks are done manually due to the 
traditional system; thus, activities like manual handling of the loads and repetitive movements are 
frequently observed in these industries. Hence, their staffs are faced with many ergonomic detrimental 
factors. Considering that some tasks include repetitive movements as well as manual handling of the 
loads, using these two methods is essential to determine all the job-related risk factors. Therefore, this 
study aims to assess manual load-handling tasks (lifting and carrying the loads) and repetitive movement 
tasks using MAC and ART methods, compare the results of these two methods, determine the relation 
between them and presenting reform suggestions(Choobineh A TS 2007).  

2. Materials and methods 
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This descriptive-analytical study is carried out in a hygiene product company in Qazvin in 2014. The 
statistical population includes 50 laborers working for 25 job tasks chosen through census. Ultimately, 25 
job tasks of 6 different units of the company including shampoo manufacturing, laboratory, hygiene gels, 
baby powder, warehouse and substance-production were studied. To determine the sample size, 10 
individuals were randomly chosen based on pilot studies and assessed via the two methods mentioned 
above. Based on Pearson correlation (r1=0.7), the methods and the corresponding formulas, the sample 
size of 50 individuals with the confidence level of 95% and the statistical error of 5%. After interviewing 
each laborer and viewing the type of task they did, MAC and ART assessment methods were individually 
used for each task. Data final scores were calculated via MAC and ART software. Data was evaluated via 
SPSS 16.  

MAC is a check list for guiding safety and professional health inspectors which is used for assessing 
common risk factors of lifting, lowering, individual and group lugging(Care B QC 2002, Takala 2008, Tapley 
2009). This method studies a collection of 11 risk factors of manual handling according to four color codes 
and determined scores. Each color code stands for low risk (Grean:G), medium risk (Amber:A), at risk –
immediate action demanded- (Red:R), and high risk (Purple:P) (Monnington SC PA 2002, P 2002, E 2012). 
These risk factors consist of weight/frequency of the load, the distance between the waist and the arms 
(G/0: arms vertically stretched with body straight, A/3: arms are distant from the body or the body is 
bending forward, R/6: arms are distant from the body and the body is bending forward), the position of 
the load being lifted (G/0: above the knees and below the elbow height, A/1: below the knees and above 
the elbow height, R/3: above the head height), body’s rotation or bending to the sides (G/0: no rotation, 
A/1: bending to the sides, R/2: body’s rotation and bending to the sides), the type of grip (G/0: good, A/1: 
acceptable, R/2: weak), body condition during the task (G/0: no hindrance, A/1: restricted body 
movement, R/3: highly restricted body movements), floor level regarding its flatness or pollution (G/0: 
clean and dry floor, A/1: rough floor, R/2: damp and rough floor), other environmental factors (no factor, 
A/1: one factor, R/2: more than two factors), muscles coordination in lifting, carrying the loads (G/0: 
good, A/1: acceptable, R/3: weak), load-transferring distance and the barriers in the path. Data-gathering 
tools in this research are video capture and photography (Care B QC 2002, Tapley 2009, Takala E-P PI 
2010). Having determined the risk factor level, color codes and the scores, the total score can be 
calculated according to which the reforming action in MAC method is clarified, as displayed in Table 1.  

 
Table 1 
 Determination of the risk level and reforming actions in MAC method. 
MAC final score Reforming Action Action Class 

0-4 No action demanded 1 
5-12 Action demanded in near future 2 
13-20 Action demanded shortly 3 
21-31 Action demanded immediately 4 

 
ART is a useful method for assessing tasks with upper extremity movements such as montage, 

manufacturing, packaging, and categorizing. This method not only identifies the risks of the tasks with 
repetitive movements, but also improves the working conditions by prioritizing actions demanded for 
reducing potential risks. ART divides risk levels into three categories: low risk (G), medium risk –thorough 
investigation demanded- (A), and high risk –immediate action demanded- (R)(Tapley 2009). These risk 
factors include the frequency of repetitive movements (A1: arms movements, A2: repetitive movements 
of arms and hands), the demanded strength (light, without requiring any effort; medium weight, for 
which the laborers do not need much effort; heavy and extremely heavy loads for which the laborers 
need to use their maximum strength), poor postures (C1: head and neck posture, C2: back posture, C3: 
arm posture, C4: wrist posture and C5: hands/fingers grip), and additional factors (D1: working gaps, D2: 
working rapidity, D3: time span and D4: other factors). The Task Score is a total of repetitive movements’ 
frequency, strength, poor posture and additional factors for the right and left hand individually.  

Task Score =A1+A2+B+C1+C2+C3+C4+C5+D1+D2+D3 
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Task Score multiply the time span of the task will result in the Exposure Score (Exposure Score = task 
x D4) 

As displayed in Table 2, having calculated the Exposure Score, proper reforming action are taken.  
 
Table 2 
 Reforming-action class determination based on ART 

Action Class Reforming action ART Final Score 

1 
The condition of the vulnerable groups – pregnant women, new 
laborers, and laborers with heavy repetitive movement tasks- 
must be considered. 

0-11 

2 Working conditions demands more examination. 12-21 
3 Further investigation is essential. Over 22 

3. Results 

Table 3 displays the results of the assessment based on MAC and ART methods. As the results 
revealed, based on MAC method assessment reforming action is demanded in near future for one-starred 
cells and for two-starred ones reforming action must take place within a short time. Based on ART 
assessment, the risk level is medium for grey cells which require more examination for the task 
represented in them. As the results of MAC assessment revealed, the highest score belongs to the 
manufacturing unit (relocating the casks), and then storage and manufacturing units (filling the tanks) 
with the score of 14 and transformation of the bags by pallet jack with the score of 13; the risk level of all 
of the mentioned factors belong to the third reforming-action class. All other tasks own the risk level of 2 
or less. Based on ART results, the highest scores in both left and rights hands are in the range of 12.5-14.5, 
related to the packaging and handling the boxes, baby body oils lid-replacing, lifting and squeezing the 
hygiene gel tubes and injection of hairspray into its container; the risk level of all belong to the second 
reforming-action class. Table 4 displays the results of assessing the risk level of each activity base on MAC 
and ART methods. As the results revealed, mean and standard deviation in MAC and ART methods are 
7.7+3.8 and 7.8+3.3, respectively. The examination of the two methods’ correlation indicated that the two 
methods have a relatively good (r=0.725) and significant (P<0.001) correlation. 

4. Discussion and conclusion 

Manual handling of load is one of the causes of musculoskeletal disorders in the employees. So, the 
ergonomics assessment of this physical activity could be help to identification of problems and provide 
control solutions. The results this study showed that according to the score of MAC method, in 16% of the 
workstation is a high level of risk and correction action is needed soon. As well as in 44% of the 
workstation is a medium level of risk and correction action is needed in the closely future. The reasons of 
the relatively high level of risk in workstations of handling of bags by jack pallets, storage units, and the 
construction unit (carrying barrels) can be overweight of load, increase the hand distance to low back, 
torso bending forward and poor grip on the load .The most important risk factors in this study can be 
mentioned to the weight load, hands grip when closing the lid containers, manual handling barrels and 
the reach distance to remove products. In the study of the Abaszadeh  and colleague (2012) in the 
assembly industry also how the grip and the lack of rest was considered as one of the most important 
factors in the increase level of risk(Abbaszahed R 2013). Therefore, to reduce musculoskeletal disorders in 
these activities can be mentioned to decrease of load weight, loss of reach region, increase lifting height 
of load, assembling handles on the load, measuring body dimensions of employee and design of 
workstation based on anthropometric characteristics. Planning and implementation of ergonomics 
training on the job, appropriate work and rest cycles are corrective actions in such workstations. 

 
 

Table 3 
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 The results of the assessment of the laborers’ activities in a hygiene product company based on MAC and 
ART methods. 

Stage Type of the task 
Final mac 

score 
Risk 
level 

Final ART score 

Right hand 
score 

Right 
hand 
risk 

level 

Left 
hand 
score 

Left 
hand 
risk 

level 

1 
Injecting baby shampoo into 
the container 

4 1 3.5 1 3.5 1 

2 Shampoo lid-replacing 4 1 3.5 1 3.5 1 
3 Shampoo packaging 9 2* 8 1 7.5 1 
4 Coding and labeling 4 1 4.5 1 4 1 

5 
Packaging and handling the 
boxes 

11 2* 13 2 12.5 2 

6 
Labeling 500 ml shampoo 
container 

4 1 4 1 3.5 1 

7 
Hairspray, shampoo coding, 
and baby body oil units 

4 1 6 1 5 1 

8 
Labeling baby shampoo and 
body oil 

4 1 5 1 4 1 

9 
Packaging and handling baby 
oil boxes 

9 2* 8 1 7.5 1 

10 
Hair conditioner spray 
labeling 

4 1 6 1 5 1 

11 
Injecting hairspray into the 
container 

8 2* 13 2 11 1 

12 Baby body oil lid-replacing 8 2* 14 2 12.5 2 

13 
Lifting and squeezing hygiene 
gel tubes 

8 2* 14.5 2 13.5 2 

14 
Packaging hygiene gels in 
boxes 

10 2* 9.5 1 9 1 

15 To domino the products 4 1 4 1 4 1 

16 
Lifting and transferring the 
boxes by the pallet jack 

13 3** 10.5 1 9 1 

17 
Shrink-wrapping the 
shampoo 

8 2* 9 1 9 1 

18 
Packaging the shampoo after 
being shrink-wrapped 

10 2* 9.5 1 9 1 

19 
Packaging bags filled with 
containers 

10 2* 8 1 8.5 1 

20 
Labeling baby powder 
containers 

4 1 5 1 4.5 1 

21 
Transferring and examining 
the materials (laboratory 
unit) 

6 2* 8.5 1 7.5 1 

22 
Control room (sorting, 
handling and replacing unit) 

4 1 4 1 4 1 

23 
Storage unit (packaging,, 
sorting and replacing) 

14 3** 10 1 9.5 1 

24 Manufacturing unit (filling 14 3** 11 1 10 1 
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the tanks) 

25 
Manufacturing unit 
(relocating the casks) 

14 3** 11 1 10 1 

 
Table 4 
 Risk Level Percentage in ART and MAC methods. 

Risk level class 
Risk level percentage 

based on MAC method 

Right hand risk level 
percentage based on 

ART method 

Left hand risk level 
percentage based on 

ART method 

1 40% 84% 88% 
2 44% 16% 12% 
3 16% 0% 0% 
4 0% No risk level of class 4 based on ART 

 
 
Score of ART method for workstation aforementioned is not required to correction action, because 

ART method, the factors such as weight load, the hand distance to low back, the mount of bending to 
lifting of the load and bending to the sideway during the activity not assessed as a risk factor. So, the 
score obtained from MAC method in workstation with manual handling of load including lifting and 
carrying bags by jack pallets, storage units, and the construction unit (carrying barrels)provide appropriate 
score and more acceptable. Workstation with repetitive motion including, close lid canister, tore move 
the gel tube health, injection of hair spray into the container, according to the score of ART method, more 
study is needed in working conditions (level of risk two), because ART method with investigation of the 
factors such as wrist posture, frequency of repetitive motion and duration of activity, a more accurate 
estimate show compared to MAC method.   

In assessing the ART method, the right hand than the left hand is a higher risk due to exertion, more 
use of it and awkward posture which this result in line with the results Rod bandy and colleague(2013) 
using the ART method among mosaic workers(Jafari rodband 2014).Also, the results this study indicated 
that ART and MAC methods in workstations which are require handling of load and repetitive motion (i.e. 
packaging, manual handling of carton and tore move the gel tube health)simultaneously, show the same 
level of risk while the activities that done only manual handling or repetitive motion is different scores of 
two methods. Because many workstations had repetitive motion and handling of load, in total, the 
findings showed a significant positive correlation between the two methods MAC and ART. 

Because of limitations in assessing ART method in manual handling of load and MAC method in 
evaluation of upper limbs, we recommend that these two methods in manual handling activities with 
repetitive motion used simultaneously, which the results this study was in line with other similar 
studies(Graves 2008).In a study to determine the association of ART method with three of OCRA, QEC, SI 
methods was observed that the ART method is high agreement with these methods and ART method in 
comparison with these methods, better determined the risk levels for awkward posture in many tasks 
especially for repetitive tasks(Health 2007, Ferreira J 2009) . In the study of Abaszadeh and colleague in 
2012 year, ART method introduced as the most method for assessment upper limb musculoskeletal 
disorders with repetitive motion(Abbaszahed R 2013). McLeod and colleague in 2012 years ART method 
used in their study to compare the risk of upper limb disorders in manual and automatic tasks in the 
pharmaceutical industry, therefore ART method as appropriate and application method introduced for 
identification of related- risks with upper limbs(McLeod, Zochowska et al. 2012).Another study by 
Dormohmady and colleagues (2013) in a tile industry done by the MAC method that appropriate 
assessment introduced to determine the physical stresses of manual handling of load(A. Dormohammadi 
MM 2013). 
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