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Abstract: This research aimed to study and compare prevalence of work-related musculoskeletal (MSK) 

problem and perceived discomfort among port crane operators consisting of quay and rubber tyred gantry 

(RTG) cranes working in the Laem Chabang Deep-sea Port, Thailand. Direct interviews for a cross-sectional 

analysis was selected for this unique job with a small amount of sample size. A standardized modified version 

of the Nordic Musculoskeletal Questionnaire (NMQ) was lunched for 26 male participants, consisting of 11 

quay and 15 RTG, where a priori power analysis using G*Power suggested the minimum as 24 for the 

hypothesis test. Socio-demographic characteristics showed no significant difference among them. The NMQ 

revealed lower back as the highest prevalent body part (76.9%) followed by neck, shoulders and upper back at 

the same percentage (23.1%) for all port crane group, with up to 96.2% reporting MSK problem over the past 

12 months. And Borg scale rating, assessing the perceived discomfort, revealed lower back with the highest 

score (2.38) followed by upper back (0.65), shoulders (0.54) and neck (0.5). Remarkably, the comparation 

between the quey and RTG crane operators on the MSK prevalence (χ2 test) and perceived discomfort levels 

(Kruskal-Wallis test), regarding different 9 body parts, revealed a significant difference between the two on 

upper back with quay crane having more problem than the RTG at p < 0.05. while the rest of them were mainly 

in the same direction. MSK contributors such as: working awkward posture, mental stress, height, trolley 

distance and vibration are considerably the main causes of this. However, the larger in scale of exposure to 

those for the quey crane compared to the RTG might have led to the distinguishing MSK problem found in this 

study which require thoroughly deliberation for the particular solutions. 

Keywords: port crane operators; quay crane; rubber tyred gantry crane; work-related musculoskeletal 

problem; perceived discomfort 

 

1. Introduction 

Maritime shipping industry plays an important function in an international trade. Reportedly 

around 80% of the overall volume had been achieved by this sector [1]. For Thailand, up to 90% of 

imports and exports were made via ports cargo shipments [2]. And over the past decade, a statistic 

from 2008 to 2018 reveals that an average of 8,890,500.000 Twenty foot Equivalent Unit (TEU) passed 

through Thailand’s container ports per year, with 11,185,200.000 TEU as the highest record in the 

year 2018 [3]. 

Containerization allows goods transportations across sea and land efficiently. Container port 

terminals perform an essential role in sea-land trading chains. For the import of goods processes, the 

containers from the vessels will be lifted and placed to the trailer trucks by large sized terminal cranes 

so called quay cranes, working just next to the container ship at the port terminal. These containers 

will be transshipped to the stack area. In this process, all the containers allocation are achieved by 

relatively smaller sized cranes named Rubber Tyred Gantry container cranes or shorten as the RTG. 

Their job is to handle the inbound or outbound containers temporarily stored in the shipyards, 

normally in the form of stacked containers [4,5].  
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In general, the container cranes’ control station are placed in the cabin suspended above the 

terminal ground at around 30-40 m. height [6]. In order to complete the task, the container crane 

operators have to perform the task in static and non-neutral sitting postures. It is done through 

leaning forward to gain the view below via looking straight through the cabin’s glass floor. Beside 

that, they also have to work for a long session at about 4-6 hours each [7,8]. 

Work-related musculoskeletal disorders (WMSDs) remark the health problem that involves 

musculoskeletal system including:  muscles, nerves, blood vessels, ligaments and tendons [9]. It 

becomes the most common work-related health problem in many regions in which  in Asia-Pacific, 

about 12 – 45% of its general population was found being in this trouble [10].  

Container crane operators are among those at risk of the WMSDs. So far, it had proved hardly 

to find studies that compare both Quay and RTG cranes together. This research aimed to study the 

prevalence of MSK problem and discomfort level among the container crane operators including the 

quay and RTG crane, working in Thailand’s special economic zone.  

2. Materials and Methods 

2.1. Study Design 

Research’s study design was achieved by a cross-sectional analysis conducted on 2 different 

types of container  crane operators including quay and RTG. Laem Chabang international deep-sea 

port was selected for this study. This is due to its size which ranks as the nation biggest seaport. 

Moreover, it had a world class reputation as the 21st world’s biggest maritime port with the capacity 

of 8.07 million TEUs handled in the year 2018 [11,12].  

2.2. Participants  

Crane operators were recruited voluntarily form the studied deep seaport, where 9 unites of 

quay cranes and 27 units of RTG were deployed across 4 piers at the moment of the study [13]. The 

inclusion criteria consisted of just male gender with at least 1 year experience in this job, having no 

historic medical record for the musculoskeletal disorder and willingly agreed to join the research 

project via signing the informed consent. Only twenty-six met the criteria and participated in the 

study. This number was still adequate for the hypothesis test since a priori power analysis using 

G*Power version 3.1.9.7 [14], in order to achieve 80% power for detecting effect size = 0.6 and at a 

significance criterion of α = .05, suggested that the minimum sample size was 24. 

2.3. Questionnaires and Data Collection 

Data collection was done using a standardized modified version of Nordic Musculoskeletal 

Questionnaire (NMQ) [15], which was translated into Thai language by authors. The NMQ was 

utilized in the investigation as the tool acquiring for the prevalence of self-reported musculoskeletal 

(MSK) problem over 9 body parts. Alongside, a perceived discomfort survey was also launched with 

Borg CR10 scale [16,17]. All information obtained was achieved via direct interviews, conducting by 

research team’s experts with fully extensive explanations provided when required. 

2.4. Data and Statistical Analysis 

The IBM SPSS version 20.0 (IBM Corp., USA) was utilized in a statistical analysis. Descriptive 

statistics were used to figure for the sociodemographic and anthropometric features. The Chi-square 

test implementing Fisher’s exact test was used to validate the similarity in statistics among both 

groups for all studied parameters. Meanwhile, the Kruskal-Wallis test was employed to verify 

statistical difference among the two for the perceived discomfort levels across all 9 body parts. All 

statistics significances were set at p = 0.05.  

3. Results 

3.1. Socio-Demographic Characteristics 
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All port cranes operators group (a combination between quay and RTG cranes) in this study had 

an average age at 42.865 years old (Quay = 43.864; RTG = 42.133) with the minimum age at 28.3 years 

old (Quay = 28.3; RTG = 36.0) and the maximum age at 58.3 years old (Quay = 58.3; RTG = 54.0). 

Calculating via Body Mass Index (BMI), pre-obese stage was found the highest prevalence for all of 

the studied groups: all port (35), quay (15) and the RTG crane (19). The result from Chi square test 

showed that quay and RTG crane had no difference in statistics across all socio-demographic 

characteristics. Details about the demographic information can be presented in Table 1. 

Table 1. Socio-demographic characteristics of port cranes operators. 

Variable Quay RTG All Port 

Cranes* 

Main category Sub category (n) (%) (n) (%) (n) (%) 

Age (years) 20-30  1 4 0 0 1 4 

31-40  3 12 8 31 11 42 

41-50 4 15 5 19 9 35 

51-60 3 12 2 8 5 19 

Total 11 42 15 58 26 100 

Statistics χ2 3 n/a 

p 0.464 

BMI Underweight (BMI < 18.5) 0 0 1 4 1 4 

Healthy Normal (18.6 - 22.9) 1 4 4 15 5 19 

Overweight (23.0 - 24.9) 4 15 2 8 6 23 

Pre-Obese (25.0 - 29.9) 4 15 5 19 9 35 

Obese (BMI ≥ 30.0) 2 8 3 12 5 19 

Total 11 42 15 58 26 100 

Statistics χ2 3.147 n/a 

p 0.641 

Education Lower than Senior High 

School/Vocational Certificate 

5 19 3 12 8 31 

Senior High 

School/Vocational Certificate 

5 19 7 27 12 46 

Diploma/High Vocational 

Certificate 

1 4 4 15 5 19 

Bachelor Degrees or Higher 0 0 1 4 1 4 

Total 11 42 15 58 26 100 

Statistics χ2 2.903 n/a 

p 0.407 

Work Experience 

(years) 

< 1  0 0 0 0 0 0 

1-5 3 12 3 12 6 23 

6-10 4 15 5 19 9 35 

11-15 1 4 4 15 5 19 

16-20 2 8 2 8 4 15 

21-25 1 4 1 4 2 8 

Total 11 42 15 58 26 100 
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Statistics χ2 1.737 n/a 

p 0.918 

* Combination between quay and RTG crane. 

3.2. Self-Reported Anthropometric MSK Problem Prevalence   

For all port cranes operators group, lower back was the body part showing the most prevalence 

of MSK problem at 76.92 percent. Neck, shoulder and upper back followed far behind at the same 

percentage as 23.08. If considering separately, quay crane had the lower back as the most prevalence 

at 34.62 percent and the upper back for the second at 19.23 percent. The RTG also had the lower back 

as the most prevalence at 42.31 percent and shoulder as the second at 15.38 percent. The least affected 

body part belonged to elbows, this was for all groups with 3.85, 0 and 3.85 percent for all port cranes, 

quay and the RTG respectively. Information about these can be showed in Figure 1. 

 

Figure 1. Prevalence of self-reported anthropometric MSK problem by body parts. 

3.3. Prevalence of Self-Reported MSK Problem during the Last 12-Months and Past 7 Days   

The results showed that none of them reported the existence of MSK problem during the last 7 

days. Almost the entire number of the container cranes operators reported the existence of MSK 

problem during the last 12 months, with as much as 96% for the all port cranes operators group, 100% 

for quay and 93% for the RTG. By means of this, only 4% for all port cranes operators group reported 

none MSK problem during the last 12-months and 7% for the RTG, as showed graphically in Figure 

2. 
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Figure 2. Prevalence of self-reported MSK problem during the last 12-months and past 7 days. 

3.4. Perceived Discomfort (Borg CR10 Scale) 

Perceived discomfort levels were represented by a 10-point Borg scale with score ranging from 

0 (not at all) to 10 (maximal exertion). The results showed that lower back was remarkably the most 

affected body part for all port cranes group with the scale of 2.38, as well as for the quay and RTG 

cranes with the scales of 2.55 and 2.27 respectively. The second most prevalent for all port cranes 

group was upper back at 0.65 followed by the shoulders and neck at 0.54 and 0.5 respectively. 

Considering separately on the quay crane, upper back showed the second most problematic at 1.45, 

followed by neck at 0.36. For the RTG, the second most was in turn a shoulder at 0.73, followed by 

the neck at 0.6, as shown all the details in Figure 3. 

 

Figure 3. Perceived discomfort scores (Borg CR10 scale) by body parts. 

3.5. MSK Prevalence and Perceived Discomfort Levels among Quay and RTG Crane Operators Regarding 

Different Body Parts  

Among both groups, out of nine body parts, the results showed a significant difference in 

statistics on upper back for the MSK prevalence and perceived discomfort levels. The noticeable point 

is that it occurred in the way that quay crane operators developed higher MSK problem than in the 
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RTG crane at p-value = 0.032 and 0.015 for the MSK prevalence and perceived discomfort scores 

respectively. All the detailed information is shown in Table 2. 

Table 2. MSK prevalence and perceived discomfort levels among quay and RTG crane operators 

regarding different body parts. 

Factors MSK Prevalence Perceived discomfort 

scores 

Statistics Qua

y 

RTG Statistics Qua

y 

RT

G 

Body 

Parts 

Neck Yes (%) 11.54 11.5

4 

Mean 0.36 0.60 

No (%) 30.77 46.1

5 

SD 0.67 1.45 

χ2 0.189 χ2 0.061 

p 0.509 p 0.805 

Shoulders Yes (%) 7.69 15.3

8 

Mean 0.27 0.73 

No (%) 34.62 42.3

1 

SD 0.65 2.09 

χ2 0.257 χ2 0.036 

p 0.491 p 0.850 

Elbows Yes (%) 0.00 3.85 Mean 0.00 0.27 

No (%) 42.31 53.8

5 

SD 0.00 0.80 

χ2 0.763 χ2 1.525 

p 0.577 p 0.217 

Wrists & 

Hands 

Yes (%) 3.85 3.85 Mean 0.18 0.07 

No (%) 38.46 53.8

5 

SD 0.60 0.26 

χ2 0.053 χ2 0.079 

p 0.677 p 0.779 

Upper back Yes (%) 19.23 3.85 Mean 1.45 0.07 

No (%) 23.08 53.8

5 

SD 1.81 0.26 

χ2 5.379 χ2 5.894 

p 0.032* p 0.015* 

Lower Back Yes (%) 34.62 42.3

1 

Mean 2.55 2.27 

No (%) 7.69 15.3

8 

SD 2.11 2.22 

χ2 0.257 χ2 0.143 

p 0.491 p 0.706 

Yes (%) 11.54 7.69 Mean 0.55 0.27 
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Hips & 

Thighs 

No (%) 30.77 50.0

0 

SD 1.04 0.80 

χ2 0.794 χ2 0.753 

p 0.346 p 0.385 

Knees Yes (%) 7.69 3.85 Mean 0.45 0.07 

No (%) 34.62 53.8

5 

SD 1.04 0.26 

χ2 0.824 χ2 0.964 

p 0.381 p 0.326 

Ankles & 

Feet 

Yes (%) 7.69 3.85 Mean 0.36 0.07 

No (%) 34.62 53.8

5 

SD 0.92 0.26 

χ2 0.824 χ2 0.875 

p 0.381 p 0.349 

* Significance in statistics analysis at p < 0.05. 

4. Discussion 

Quay and RTG crane operators are considerably one of the key links to the success of 

containerization in maritime transportation. This research once again revealed that lower back was 

the most prevalent MSK problem with as much as 76.92% for all port cranes operators group, which 

acted as a representative of all port cranes combined. And apparently, it was followed by a group of 

the second most prevalent MSK problem with the same amount of 23.08% on the body parts, 

consisting of: neck, shoulders and upper back.  

Working posture could be one of the key contributors for this problem, since quay and RTG 

crane operators are required to work in prolonged static non-neutral sitting postures. In order to 

maneuver the containers being loaded/unloaded down below, they have to lean their trunk forward 

unneutrally, to gain the most perfect working visibility, over a relatively long period of time. This 

awkward operating postures pose a potential risk in working since the ergonomics assessment tool, 

Rapid Upper Limb Assessment (RULA), previously assessing by Mohd Azlan, et al. (2019), revealed 

the score up to 5-6; which means further investigation and change of work procedure are needed [18].  

To achieve this task, trunk muscles, particularly lower back, have to be largely and constantly 

employed over an operating period. In reality, the lower back would not work alone, it must be 

closely cooperated with others posture-related muscles, which seemingly link to a set of the second 

most problematic body parts found in this study. This is to maintain the stabilization of the spine and 

by working in this condition for about 4 hours per shift for each session, it could dangerously 

overstress all the employed trunk muscles for both types of the crane [7].   

Beside this, vibration which mostly occurs in the cabin during the operation also has a great 

latency to increasing the scale of the MSK problem to the level that even worse [19–22]. As known 

that there are two classifications of the vibration exposure, the whole body vibration (WBV) and the 

hand-arm vibration (HAV), in this case WBV seemed to be the main cause of this issue since all the 

vibration was transmitted to the entire body via either seat or feet [23]. A study from Muhammad 

Azmi, et al. (2017) revealed that the measured daily exposure value A(8) of WBV occurring in these 

types of crane was about 0.24 m/s2 to 0.42 m/s2, which slightly lower than a limit value of 0.5 m/s2, 

declared by the ISO 2631-1  and  EN2002/44/EC. Even though the value still lower than the 

standard, it occurred with the maximum range of about 84% of its threshold and being exposed to it 

over a long period of time, plus with the high postural stress due to an extremely awkward posture 

in which this could potentially increase the risk of LBP very easily [24–26]. This is in line with other 

found studies reporting that crane operators who exposed to WBV for a period longer than 5 years 
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were more at risk to hospitalization or even permanent work disabilities due to the back disorders, 

and in particular for the lumbar disc herniation, than a control group [27,28].  

If considering by types of the crane, the result from the quay crane is also consistent with studies 

from Mohd Azlan et al. (2019) and Z.A. Kadir et al. (2015) who conducted the research, surveying 

MSK problem using NMQ among the quay crane operators in Malaysia’s seaport, and they found 

that lower back showed the most problematic body part [18,29]. The similar results were also derived 

from Maryam Nourollahi-Darabad et al. (2018), they achieved the research assessing the prevalence 

of musculoskeletal symptoms using Nordic questionnaire among Rubber Tired Gantry (RTG) crane 

operators in Iran. Although not exactly the same type of the crane being discussed, the RTG crane 

largely requires similar working characteristics of the quay crane. They also reported the lower back 

was the most prevalent MSK problem with 85.8% followed by neck (75.8%), knee (68.3%) and 

shoulders (63.3%) respectively [30].  

In the same direction of the results from the self-reported MSK problem, it is not surprising for 

the perceived discomfort scales obtained from an all port crane operators group that, lower back 

showed the highest score at 2.38 which means they perceived discomfort intensity between weak (2) 

and moderate (3) [31]. The lower back was again followed far behind by a bunch of the second most 

problematic body parts consisting of: upper back (0.65), shoulders (0.54) and neck (0.5) respectively, 

by which the score of 0.5 means extremely weak or just noticeable and 1 means very weak [31].  

Considering the second most problematic group of the muscles, quay crane operators 

experienced more trouble than the RTG ones, evidencing through the statistics (at p-value = 0.05) for 

both Chi-square test (for the MSK problem prevalence) and the Kruskal-Wallis test (for the perceived 

discomfort). The feasible causes that could contribute to this might be from many reasonable factors. 

Both types of the crane operators have to adopt very similar working postures. They had to maintain 

an awkward static loading posture with the trunk flexing as much as 30 – 40 degrees forwards and 

60 – 70 degrees forwards for the neck, as demonstrated in picture 4(a) for quey crane and 4(b) for the 

RTG crane [32].  

Working with this extreme non-neutral siting posture seems to be very much problematic 

enough, beside this, their arms and hands still had to be used in controlling the container movement 

with extreme precision all the time. Operating in this condition, from the height of about 30 – 40 meter 

from the working surface and with no room for error allowed, requires a constant muscular work 

load [33]. With all these circumstances combined, spine’s bones, discs, muscles, ligaments, and other 

soft tissues are placed under the relatively high tension. As a result, it consequently generates high 

pressure on both physical and mental stresses which eventually leads to the fatigue that could 

develop into pain and MSDs respectively in long run [34].  

For a RTG cranes, they generally have the height and trolley length of about 12 - 21 and 15 – 30 

m. respectively, as demonstrated in the Figure 4(b). If compared with the quay crane, the RTG cranes 

are clearly smaller in size. The quay crane’s working station or cabin is higher and also having a 

longer travelling distance, with as much as about 45 – 55 m long the RTG crane [35]. All of these facts 

combined, thereby, it could lead to a greater vibration generated as well as a longer exposure time, 

due to the longer in distance of travelling, that could contribute to the more MSK problems found on 

the quey crane compared to the RTG one. 
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(a)                                       (b) 

Figure 4. Deep-sea port container cranes and their sitting postures (a) Quey crane (b) RTG crane. 

Low frequency vibrations transmitted to the cabin are generated by quay crane while travelling 

backward and forward passing boom junctions with significant accelerate and decelerate movement 

[32]. Interactively, the greater effects on physical and mental stresses in the quay crane compared to 

the RTG could have led to the notable results finding in this study. Consequently, it suggests that 

quey crane operators statistically developed more problem on the upper back than in the RTG ones, 

while the rest of them seemed to advance in the same direction.  

The upper back in general word is medically referred to the thoracic spine which positions in 

the middle between cervical spine (neck) and lumbar spine (lower back). The upper back functions 

as if a tree trunk that acts like a main structure connecting other skeletons and muscles together. 

Furthermore, it also plays a key role in maintaining our upper body upright [36]. When compared 

with its neighboring muscles: cervical spine (neck) and lumbar spine (lower back), the upper back is 

relatively more immobile; and as a result, pain over upper back was less reported than the lower back 

and neck respectively. But when it does occur, a long-term poor awkward posture which definitely 

is an extensive contributor in this work, particularly in the quey crane, or an injury over the thoracic 

spine’s sturdiness could be the major possible causes [37].  

The obvious appearance of MSK symptoms over 12-months (96.2%) rather than a 7 days period 

in this study is affirmatively in line with many studies conducting in the crane operators (with the 

rate more than 70%) and with lower back as the most prevalent [29,38]. This could imply and link to 

the long-term chronic problem which could have led to the development of the MSDs in long run 

[39]. This is in accordance with what found by Mohd Azlan (2017), he concluded that quay crane 

operators who exposed to those working conditions for more than 5 years were 7 time more likely 

experiencing symptoms leading to stop workings due to the LBP [40].  

There were no statistically significant associations found between independence factors (age, 

BMI and work experience) and both of the studied contributions (occurrence of MSK problem and 

the perceived discomfort) across all 9 body parts. This could have suggested that the operation tasks 

of port crane could have had potential contributions to whoever working in this job, particularly for 

employees working over a long period of time. Supported by so many evidences, lower back was 

clearly the most troubled body part, along with the second most affected ones: upper back, shoulders 

and neck reported in this study. This finding could help affirm once again for the ongoing MSK 

problematic situation and serve as an essential information in problem solving to suit with particular 

type of deep-sea port crane in the future.  

5. Conclusions 

Port crane operators either quay or RTG crane in Thailand and around the world are facing a 

high risk of WMSDs. Despite their differences in age, BMI and work experience, this study likely 

revealed that port crane workers whoever having been working longer than 12 months would 

potentially develop MSK problems: mostly on lower back, followed by a group of the upper back, 

shoulders and neck. Exposure to the larger scale of ergonomics hazards in quay crane compared to 

the RTG seemed to be the main contributors that mark a significant difference among the two on the 

upper back. Engineering measures, educations/trainings and managements must be adopted against 

the prolonged static non-neutral sitting postures and the existing cabin vibration. Furthermore, job 

characteristics related health assessment in the recruitment or new job promotion must be strictly 

implemented and included into the management policy.    

6. Limitations 

Regarding the amount of quey and RTG canes operating in the sea-port are relatively small, 

locally and globally. The available participants in this study were also proportionally limited and 

when combined with the companies’ strict working schedules and safety rules enforcing in work, 

this had led to the restricted number of the subjects.  
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