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INTRODUCTION 
Biomedical scientists (BMSs) are important professionals for 
healthcare services as they help in the detection, diagnosis, 
and treatment of numerous diseases. However, in day-to-day 
practice, BMSs are continuously exposed to various hazards 
such as chemical, physical, mechanical, electrical, and 
biological, as well as prone to infectious specimens (1). The 
most common daily activities for BMSs include pipetting, 
microscopy and working in standing positions. With time, this 
may affect body organs such as muscles, joints, tendons, 
nerves, ligaments, cartilage, and spinal discs (2). These 
musculoskeletal disorders (MSDs) can affect the efficiency and 
speed of the work and eventually lead to a disruption in the 
healthcare system (3). It has been reported that MSDs are one 
of the common health problems among all health professionals 
(4). 
   The goal of laboratory ergonomics is to reduce as much as 
possible, the MSDs among BMSs by providing a safe and 
comfortable working environment. Due to the nature of their 
work in the medical laboratory, BMSs are at risk for many 
health problems. Previous studies have focused mainly on 
dentistry as an important profession in the healthcare system. 
However, scanty studies have evaluated the knowledge, 
attitude, and practice of ergonomics among BMSs. Thus, this 
study aimed to assess those ergonomics parameters among 
biomedical scientists. 

MATERIALS AND METHODS 
Ethical considerations 
The study is ethically approved by the Medical Research Ethics 
Committee, College of Medicine and Health Sciences, Sultan 
Qaboos University, Oman (SQU-EC/095/2020). Preceding the 
study, an informed consent statement and information about the 
study were included in the questionnaire for participants to 
agree or decline to participate. Those who declined the study 
were immediately withdrawn from the study and could not 
participate in the questionnaire. 
Sample size  
The sample size was calculated using the infinite population 
sample size formula: n = {N ´ Z2 ´ p ´ (1–p) } / {d2 ´ (N–1) + Z2´ p 
´ (1 – p) where N : Population size (The total number of BMS 
working at SQU and SQUH ) = 170, Z ( Standard value with 
confidence level 95%) =1.96, d (Permissible error on either 
side) = 10%, and p (Proportion of the characteristic under the 
study). The p-value was obtained from a pilot study that was 
conducted among 20 participants who fulfilled the research 
criteria. 

   Those who participated in the pilot study were excluded from 
the study. The p-value was found equal to 63.5%. The sample 
size was calculated as 97. After sampling, the number was 
increased by 15% to avoid non-response or inappropriately 
filled questions and that number was randomly selected from 
the overall population. The reliability of the questionnaire was 
calculated by Cronbach alpha in the pilot study and found to be 
0.675. 
Study design 
This cross-sectional observational study was conducted in the 
year 2020. A constructed questionnaire was used to obtain 
knowledge, attitude, and practice among biomedical scientists. 
It was designed utilizing a literature review and other 
questionnaires of other populations (5,6).  Due to the COVID-19 
pandemic, we appointed a focal staff in each laboratory to 
distribute and collect the questionnaires. 
Participants 
This study includes all biomedical scientists of any age and 
nationality from the seven laboratories, namely: Anatomy, 
Biochemistry, Genetics, Haematology, Histopathology, 
Microbiology and Immunology, and Physiology. The exclusion 
criterion included those with less than one year of experience in 
work. 
Questionnaire collection 
The questionnaire contained a brief description of the study. It 
was designed to contain a mix of positive and negative 
questions to avoid the false-positive results because of the 
inappropriately filled questions. The questionnaire used in this 
study consisted of four sections. The first section was socio-
demographic characteristics such as age, sex, marital status, 
physical exercise, heavy work at home, nationalities, 
qualifications, number of working years, specialties, BMS 
grade, working hours, work shifts, and overtime. The second 
section consisted of eight questions related to the ergonomics 
knowledge, such as meaning, benefits, and principles of 
ergonomics. The third section consisted of eight questions 
related to the ergonomics attitude such as ergonomics 
education, distribution of the work, and adjusting the workplace. 
The fourth section consisted of nine questions related to the 
ergonomics practice such as wearing comfortable shoes, using 
comfortable positions, and relaxing eyes and neck. 
Statistical analysis 
For the three categories: Yes, some extent, and no, the scores 
were two, one, and zero, respectively. The total score of 
knowledge ranged from zero to 16. Achievement of more than 
66.66% of the maximum score is considered good knowledge 
(7).  
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The attitude was assessed by strongly agree, agree, neutral, 
disagree, or strongly disagree. The score of each question 
ranged from 1 to 5 giving a total score range of 5 – 40. Those 
who achieved more than 66.66% were regarded as having a 
positive attitude. The practice was evaluated like knowledge. 
The total score ranged from zero to 18. Achievement of more 
than 66.66% of the maximum score is considered as good 
practice (7).  The data were analysed using Statistical Package 
for Social Science (SPSS) version 25 software (SPSS Inc., 
Chicago, USA). Frequencies and percentages were used to 
represent the categorical data such as age, gender, and 
specialty. Continuous data were presented as mean and 
standard deviation. A Chi-square test was performed to 
measure the significant association between risk factors and 
level of knowledge, attitude, and practice. The p-value was 
considered significant if it was equal to or less than 0.05. 
 
RESULTS 
A total of 110 BMSs were included in this study after excluding 
those who did not fit the inclusion criteria. The majority were 
females (68.2%) and 73.6% were married. The majority of the 
BMSs (45.5%) were in the age group 25-34. Surprisingly, the 
number of those who were doing regular physical exercises 
was nearly equal to those who were not at 50.9% and 49.1%, 
respectively (Table 1). 30.0% of BMSs reported to have heard 
of the term “ergonomics”, 37.3% knew the benefits of 

  
 

ergonomics application, and 47.3% knew the health hazard of 
their work without ergonomics (Table 2). Regarding the attitude, 
59.1% of the BMSs strongly agreed that ergonomics education 
must be part of the biomedical curriculum, and 68.2% strongly 
agreed that distributing the work equally between the workers 
makes it easier. However, 20.0% of them strongly disagreed 
preferring to bend their head forward instead of adjusting the 
workspace for better viewing (Table 3). Regarding the practice 
of BMSs, 72.8% wore comfortable shoes while standing at 
work, 46.8% found enough space to put their legs and feet 
comfortably, and 45.0% were trying to avoid pressure on their 
hands and arms from sharp edges (Table 4). 
   There was no significant association between sociodemographic 
factors and ergonomics knowledge and attitude. However, the 
male gender and more than 20 years of work experience 
showed a significant association with good ergonomics practice 
(Table 5). 
   Overall, BMSs showed good knowledge and attitude in 
54.5%, and 82.7%, respectively. However, good ergonomics 
practice was seen in only 16.5% (Figure 1). 86.7% of the BMSs 
with good knowledge have a positive attitude but without any 
significant association between knowledge and attitude. Good 
practice was seen in 18.6% of those who have good knowledge 
with no relationship between knowledge and practice. In 
addition, there was no relationship detected between attitude 
and practice (Table 6). 
  

Table 1. Sociodemographic characteristics among biomedical scientists.  

Characteristics Number (110) Percent (%) 

Gender 
Males 
Females 

  
35 
75 

  
31.8 
68.2 

Age group 
<25 
25-34 
35-44 
45-54 
>54 

  
1 

50 
42 
11 
6 

  
0.9 

45.5 
38.2 
10.0 
5.5 

Marital status 
Single 
Married 

  
29 
81 

  
26.4 
73.6 

Nationality 
Omani 
Non-Omani 

  
89 
21 

  
80.9 
19.1 

Off work physical activity 
Yes 
No 

  
56 
54 

  
50.9 
49.1 

Specialty     
Haematology 30 27.3 
Biochemistry 23 20.9 
Histopathology 21 19.1 
Microbiology and Immunology 20 18.2 
Genetics 8 7.3 
Anatomy 6 5.5 
Physiology 2 1.8 

Qualification     
Diploma 7 6.4 
Bachelor 71 64.5 
Master 28 25.5 
PhD 4 3.6 

Designation     
Junior BMSs 53 48.2 
Senior BMSs 38 34.6 
Chief BMSs 14 12.7 
Superintendent 3 2.7 
Researcher 2 1.8 

Total work years as BMSs     
<20 90 81.8 
>20 20 18.2 



 

 
Table 2. Ergonomics knowledge among biomedical scientists  

 
 
 
 
Table 3. Ergonomics attitude among biomedical scientists. 

 

Statement 
No (%) 

Yes To some extent No 

Do you know what is meant by ergonomics? 33(30.0) 54(49.1) 23(20.9) 

Do you know the benefits of ergonomics application? 41(37.3) 43(39.1) 26(23.6) 

Do you know what the health hazards of your job without ergonomics are? 52(47.3) 38(34.5) 20(18.2) 

Ergonomics principles try to change the worker behaviour and not to change 
the working environment. 33(30.0) 43(39.1) 34(30.9) 

Although ergonomics is beneficial to improving worker health, it cost more 
money than it saves. 12(10.9) 48(43.6) 50(45.5) 

Keeping the shoulders relaxed could cause musculoskeletal disorders 
(MSDs). 12(10.9) 30(27.3) 68(61.8) 

MSDs may be caused by grasping small instruments for long periods. 70(63.6) 32(29.1) 8(7.3) 

Frequent lifting of heavy equipment at work contributes to MSDs. 95(86.4) 13(11.8) 2(1.8) 

Statement 
No (%) 

Strongly 
agree Agree Neutral Disagree Strongly 

disagree 

Ergonomics education must be a part of the biomedical 
curriculum. 65(59.1) 35(31.8) 9(8.2) 0(0.0) 1(0.9) 

It is important to distribute the work equally between us 
because it makes the work easier. 75(68.2) 33(30.0) 1(0.9) 0(0.0) 1(0.9) 

I prefer to bend my head forward instead of adjusting 
the workspace for better viewing. 6(5.5) 18(16.3) 24(21.8) 40(36.4) 22(20.0) 

Always I should bend my back while working because 
it makes my work easier. 9(8.2) 31(28.2) 24(21.8) 27(24.5) 19(17.3) 

To finish my work on time, I prefer to attain the same 
position (e.g., Sitting) for long periods while working 
instead of changing my posture. 

11(10.0) 26(23.6) 18(16.4) 39(35.5) 16(14.5) 

Forceful hand movements while working enables me to 
get work done on time regardless of the consequences 
that may occur. 

3(2.7) 35(31.8) 23(20.9) 34(30.9) 15(13.6) 

Doing exercises like stretching, walking, etc. is 
important to be more productive at work. 66(60.0) 38(34.5) 6(5.5) 0(0.0) 0(0.0) 

I should always try to avoid putting my angled elbow in 
direct contact with the work surface for a long period. 26(23.6) 47(42.7) 28(25.5) 7(6.4) 2(1.8) 



 

 
Table 4. Ergonomics practice among biomedical scientists.  

Statement 
No (%) 

Yes Sometime No 

When you are working in the standing position, do you wear comfortable shoes? 79(72.8) 23(21.1) 7(6.4) 

Do you find enough space to put your legs and feet in a comfortable position? 51(46.8) 38(34.9) 20(18.3) 

Are your hands or arms subjected to pressure from sharp edges on work surfaces? 22(20.2) 38(34.8) 49(45.0) 

Do all task requirements are visible from comfortable positions? 33(30.3) 53(48.6) 23(21.1) 

Do you avoid raising your arm above your elbow level while you are working? 20(18.3) 49(45.0) 40(36.7) 

Do you avoid twisting or bending your wrist? 29(26.6) 47(43.1) 33(30.3) 

Do you stop after at least 15 minutes for a moment to relax your eyes and neck? 7(6.4) 52(47.7) 50(45.9) 

Do you stop every 30-60 minutes to get up to stretch and move? 12(11.0) 57(52.3) 40(36.7) 

While you are holding objects (e.g., Forceps), do you alternate between your fingers 
holding them? (ex. Thumb and index or index and middle finger) 6(5.5) 32(29.4) 71(65.1) 

Table 5. Ergonomics knowledge, attitude, and practice of biomedical scientists and associations with their sociodemographic char-
acteristics. 

Sociodemographic charac-
teristics 

Knowledge P 
value 

Attitude P 
value 

Practice P 
value No (%) No (%) No (%) 

Good Poor Positive Negative Good Bad 

Gender 
Male 
Female 

  
21(60.0) 
39(52.0) 

  
14(40.0) 
36(48.0) 

  
0.562 

  
28(80.0) 
63(84.0) 

  
7(20.0) 

12(16.0) 

  
0.806 

  
10

(28.6) 
8(10.8) 

  
25

(71.4) 
66

(89.2) 

  
0.040 

Age group 
<25 
25-34 
35-44 
45-54 
>54 

  
0(0.0) 

28(56.0) 
21(50.0) 
7(63.6) 
4(66.7) 

  
1(100.0) 
22(44.0) 
21(50.0) 
4(36.4) 
2(33.3) 

  
  
  

0.678 

  
1(100.0) 
41(82.0) 
34(81.0) 
9(81.8) 

6(100.0) 

  
0(0.0) 

9(18.0) 
8(19.0) 
2(18.2) 
0(0.0) 

  
  
  

0.813 

  
1

(100.0) 
5(10.0 
6(14.3) 
4(40.0) 
2(33.3) 

  
0(0.0) 

45
(90.0) 

36
(85.7) 
6(60.0) 
4(66.7) 

  
  
  

0.018
* 

Marital status 
Single 
Married 

  
15(51.7) 
45(55.6) 

  
14(48.3) 
36(44.4) 

  
0.890 

  
23(79.3) 
68(84.0) 

  
6(20.7) 

13(16.0) 

  
0.779 

  
7(24.1) 

11
(13.8) 

  
22

(75.9) 
69

(86.3) 

  
0.318 

Qualification 
Diploma 
Bachelor 
Master 
PhD 

  
5(71.4) 

38(53.5) 
14(50.0) 
3(75.0) 

  
2(28.6) 

33(46.5) 
14(50.0) 
1(25.0) 

  
  

0.627 

  
6(85.7) 

60(84.5) 
21(75.0) 
4(100.0) 

  
1(14.3) 

11(15.5) 
7(25.0) 
0(0.0) 

  
  

0.531 

  
3(50.0) 

11
(15.5) 
3(10.7) 
1(25.0) 

  
3(50.0) 

60
(84.5) 

25
(89.3) 
3(75.0) 

  
  

0.120 

Designation 
Researcher 
Junior BMSs 
Senior BMSs 
Chief BMSs 
Superintendent 

  
1(50.0) 

29(54.7) 
21(55.3) 
6(42.9) 

3(100.0) 

  
1(50.0) 

24(45.3) 
17(44.7) 
8(57.1) 
0(0.0) 

  
  
  

0.509 

  
2(100.0) 
43(81.1) 
32(84.2) 
12(85.7) 
2(66.7) 

  
0(0.0) 

10(18.9) 
6(15.8) 
2(14.3) 
1(33.3) 

  
  
  

0.878 

  
0(0.0) 
7(13.2) 
8(21.6) 
2(14.3) 
1(33.3) 

  
2

(100.0) 
46

(86.8) 
29

(78.4) 
12

(85.7) 
2(66.7) 

  
  
  

0.702 

Total work years as BMSs 
<20 
>20 

   
47(52.2) 
13(65.0) 

   
43(47.8) 
7(35.0) 

  
0.430 

   
74(82.2) 
17(85.0) 

   
16(17.8) 
3(15.0) 

   
1.000 

   
1 1
(12.2) 
7(36.8) 

   
7 9
(87.8) 
1 2
(63.2) 

   
0.016 

* This cannot be considered significant even though the P value is less than 0.05 because more than 20% of cells have an expected 
count of less than 5 and the minimum expected count is less than 1 so, the chi-square test cannot be used. 



DISCUSSION 
The use of laboratory investigation is very important as 70% of 
all medical decisions are affected by the results of laboratory 
analysis (8-10). The application of ergonomics guidelines in the 
field of medical laboratory helps to minimize MSDs. MSDs are 
one of the common health problems among all health 
professionals. Several studies reported high levels of MSDs 
among medical laboratory scientists (11-15). These high MSDs 
among BMSs will eventually affect the healthcare service. 
Health, productivity, and well-being are important 
characteristics of BMSs (16). It is expected that good 
knowledge, a positive attitude, and good practice of ergonomics 
would minimize MSDs among BMSs. 
   In the literature review, we found only one study evaluated the 
ergonomics knowledge only among medical laboratory 
scientists in Nigeria (16). It is important to note that several 
instruments and products have been modified in the clinical 
laboratory to minimize MSDs. For example, laboratory chairs 
are made with comfort to adjust height, back, and legs. In 
addition, BMSs while purchasing any instrument, keep in their 
mind, the ergonomics part of these machines. 
   Although that 93.6% of the BMSs have high qualifications, the 
present study showed that only 54.5% of BMSs had good 
ergonomics knowledge. This finding is higher than another 
study that reported 25.5% (27 of 106) knowledge of ergonomics 
among medical laboratory scientists in Nigeria (15). We did not 
observe any statistically significant association between 
ergonomics knowledge and gender, age, marital status, 
qualifications, designation, specialty, and work experience. 

In comparison with the study in Nigeria, they showed that 
ergonomics knowledge was significantly associated with the 
male gender. Other risk factors such as qualifications, 
affiliations, work experience, and specialty did not affect the 
ergonomics knowledge (16). 
   The current study showed a very high positive ergonomics 
attitude (82.7%) among BMSs. However, gender, age, marital 
status, qualifications, designation, specialty, and work 
experience did not statistically affect the ergonomics attitude. 
When we asked BMSs if ergonomics education must be a part 
of the biomedical curriculum, 90.9% (100 of 110) agreed with 
this concept. In addition, 98.2% (108 of 110) believed that it is 
important to distribute the work equally between colleagues as 
it makes the work easier. 
   Surprisingly, good ergonomics practice was noticed in only 
16.5% of BMSs. In addition, there was a statistically significant 
association between the male gender and good practice. This 
association could be related to the fact that males are less 
stressed than females. Thus, males can do their job more 
ergonomically. Furthermore, there was a significant association 
between work experience (more than 20 years) and good 
practice. Those with more work experience have adapted well 
to the occupational safety procedure in the medical laboratory.  
   Despite that, BMSs had a reasonably good ergonomics 
knowledge, high positive attitude, and poor practice, we did not 
observe any statistically significant association between 
knowledge and attitude, knowledge and practice, or attitude and 
practice. Thus, BMSs have the ergonomics knowledge and 

Table 6. The relationship between knowledge, attitude, and practice. 

Attitude 
P value 

Practice 
P value 

Positive 
No (%) 

Negative 
No (%) 

Good 
No (%) 

Bad 
No (%) 

Knowledge 
  Good 
  Bad 

52(86.7) 
39(78.0) 8(13.3) 

11(22.0) 0.345 11(18.6) 
7(14.0) 

48(81.4) 
43(86.0) 

0.695 

Attitude 
  Positive 
  Negative 

14(15.6) 
4(21.1) 

76(84.4) 
15(78.9) 0.514 

Figure 1. Level of knowledge, attitude, and practice among biomedical scientists. 



attitude but did not result in good daily practice. In the medical 
laboratory, good ergonomics practice leads to fewer MSDs. In 
fact, good knowledge, attitude, and practice of ergonomics 
would help BMSs take sufficient precautions during their 
laboratory work and adjust their working environment 
accordingly. The findings of this study strongly recommend the 
use of a laboratory ergonomics checklist that would assess 
BMSs at their workplace and subsequently minimize LMSDs. 
 This study has some limitations. First, due to the COVID-19 
pandemic, we were not able to spread the questionnaire face-to 
-face to the BMSs. Second, ergonomics practice was measured 
by questionnaire only and not by observation. Finally, the lack 
of similar and relevant studies for a better comparison.
    In conclusion, biomedical scientists have good knowledge, 
and a high attitude but poor practice of ergonomics. 
Ergonomics training and practice should be strongly enhanced 
among these healthcare professionals. 
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