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Designing a tool for measuring the awareness of predisposing factors and 

dimensions of low back pain in operating room personnel and evaluating its 

psychometric properties 

Abstract 

 Background: Low back pain is the most common type of work-related musculoskeletal 

disorders and one of the costliest health problems. This study aimed to design a psychometric 

tool to measure the operating room personnel’s awareness of predisposing factors and 

dimensions of low back pain. 

Methods: This methodological study aimed to design a psychometric tool for assessing the 

operating room personnel’s awareness of predisposing factors and dimensions of low back pain 

in. In the first step, the main dimensions and concepts were developed by reviewing the literature 

and consulting with professors and experts. In the second step, the initial items of the 

questionnaire were formulated. Finally, the psychometric properties of the questionnaire were 

determined using face, content and construct validity, internal consistency, and test-retest 

reliability. 

Results: In the first phase of the study, the concept of low back pain and its risk factors were 

determined, and then the initial items of the tool were developed. In the next step, face and 

content validity of the instrument were determined both qualitatively and quantitatively (content 

validity ratio=0.91 and content validity index=0.95). Indeed, construct validity was assessed by 

convergent and divergent validity using chronic pain and general health questionnaires, 

respectively (correlation coefficient in convergent validity=0.70 and correlation coefficient in 

divergent validity=-0.37). Finally, the reliability of the instrument was determined using internal 

consistency (α=0.60) and test-retest reliability (0.77). 

Conclusion: Considering the design, validity, and reliability of the instrument for measuring the 

awareness of predisposing factors and dimensions of low back pain in operating room personnel, 

we suggest that it should  be used for evaluation of the awareness and different dimensions of 

low back pain among the operating room personnel. 
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Introduction: 

Low back pain is the most common type of work-related musculoskeletal disorders 

and one of the costliest health problems (1, 2) that causes a significant decrease in 

the quality of services and absence from work (3). Low back pain can lead to 

activity limitations and diseases in more than 50% of nurses(4). It is also the 

second most common diagnosis in the United States(5). Indeed, it has been shown 

to cause a higher average life-long disability compared to AIDS, road injuries, 

tuberculosis, lung cancer, chronic obstructive pulmonary disease, and 

complications of preterm labor(6). The prevalence of low back pain has been 

estimated to be 15-45% among the general population worldwide. Besides, it has 

been estimated that approximately 70-80% of the general population experience a 

back problem some time in their lives(4, 7, 8). The prevalence of low back pain, as 

the most important musculoskeletal disorder, has been reported to be 30-60% 

among nurses(9). In Iran, the prevalence of low back pain has been reported to be 

63% amongst the nurses(10). Healthcare workers are at risk of work-related low 

back pain due to physical and emotional factors and often experience more low 

back pain in comparison to construction workers, miners, and those working in 

factories(11, 12). Among healthcare workers, the highest prevalence of low back 

pain (40-50% annually) has been detected in nurses and operating room 

personnel(4). The prevalence of low back pain has been reported to be 50.3% 

among operation room personnel in Iran(10).The operation room affects 

individuals both physically and psychologically(13). In addition, considering the 

hazardous activities performed in the operating room, low back pain is a common 

health problem among these personnel(4). The risk factors that can cause 

discomfort and musculoskeletal disorders among the operatinon room personnel 

include static stress (such as long-standing, constant physical posture, and holding 



equipment such as retractors during surgery), and manual handling (such as 

pulling, pushing, or lifting tools and heavy equipment)(13). Hence, operating room 

personnel have the highest prevalence of low back pain due to unpleasant physical 

conditions during surgery, movement restriction during surgery, and stress and 

burnout resulting from night work(14). Prolonged standing and working constantly 

in standing position can lead to cardiovascular problems, back pain, leg pain and 

swelling, and reduction of blood flow to muscles, eventually causing general 

muscle fatigue(15). Musculoskeletal disorders, especially low back pain, may be 

significantly reduced by careful observation of the principles of ergonomics in the 

workplace, regular physical examinations, identification of the risk factors, and 

regular exercise and physical activity(16). Since low back pain has been introduced 

as the most important reason for burnout among the operation room personnel(17), 

increasing the personnel’s awareness of the predisposing factors of low back pain 

is expected to reduce the high prevalence of this disorder and prevent its 

subsequent complications.  

Based on what was mentioned above and the studies conducted on the issue, low 

back pain is one of the most important occupational injuries amongst the operation 

room personnel and one of the factors that can reduce staffing in this profession. 

Nonetheless, an extensive review of the literature revealed no specific tools to 

measure the awareness of the predisposing factors of low back pain among the 

operatinon room personnel. The existing tools have often been designed to 

measure the prevalence and risk factors of low back pain among medical 

personnel, specifically nurses. Indeed, there is no standardized tool to assess the 

level of awareness of the risk factors of low back pain. Considering the 

occupational differences between the operation room personnel and nurses and 

other medical units and lack of any specific tools in this field, the present study 



aims to design and psychometrically evaluate an instrument for this group of 

medical staff. 

Methods: 

Procedure  

The present methodological research was conducted at Shiraz University of 

Medical Sciences in 2019. In the first step, the main dimensions and concepts of 

the issue were developed through an extensive review of the literature and 

consultation with professors and experts in the fields of operating room, 

musculoskeletal disorders, and pain. In the second step, the initial items were 

examined and developed. Thus, the initial format of the tool was designed to assess 

the awareness of the predisposing factors and dimensions of low back pain based 

on the Likert scale (yes, no, I do not know). In the last step, the psychometric 

properties of the instrument were evaluated using various methods. 

Psychometric evaluation 

After designing the initial format of the tool, its psychometric evaluation steps 

began. Generally, the psychometric properties of an instrument are assessed in 

order to determine how it measures the intended purpose. In the current study, 

qualitative and quantitative methods were used to determine face, content, and 

construct validity.  

Cross-sectional Validity 

The qualitative face validity was assessed through face-to-face interviews with 20 

operation room personnel and professors. This was done to investigate the 

difficulty of the items, ambiguity, and proportion as well as their relevance to the 

main purpose of the study. Considering the quantitative face validity, 20 operation 



room personnel with bachelor’s degrees were asked to evaluate the initial 

questionnaire regarding the importance of each item using the quantitative item 

impact method. Then, the impact score of each item was calculated separately 

based on the following formula. In this way, a five-point Likert scale was 

considered for each item as follows: it is quite important (score 5), it is somewhat 

important (score 4), it is moderately important (score 3), it is slightly important 

(score 2), and it is not important at all (score 1). 

Impact Score = Frequency (%) × Significance 

In case the impact score of an item exceeded 1.5, it was considered appropriate for 

the subsequent analyses and retained(18). In general, content validity is assessed to 

ensure that the content of a test represents the construct it claims to measure. It also 

aims to determine whether the content represents the set of the properties being 

measured(19). In the present study, qualitative and quantitative methods were used 

to determine the content validity of the questionnaire. Because assessment of 

content validity at this stage was based on the experts’ judgments, their opinions in 

the areas of tool design, pain, and operation room were used. In the qualitative 

content validity, the experts were asked to present their viewpoints concerning 

grammar, wording, location of items, and scoring. Afterwards, Content Validity 

Ratio (CVR) and Content Validity Index (CVI) were used in order to evaluate the 

quantitative content validity. CVR aimed to explore the necessity of an item from 

the experts’ viewpoints, while CVI aimed at determining the relevance of the item 

to the study objectives. In order to determine CVR, we asked 14 experts to respond 

to each item based on a three-point Likert scale as follows: “necessary, useful but 

not necessary, and not necessary”. Then, the responses were evaluated according to 

the following formula and Lawsche table for 14 people with a minimum of 0.51. 



After calculating CVR for all items, those with a score of at least 0.51 were 

retained for the next step and those with a score less than 0.51 were excluded(20) 

 

Waltz and Bausell’s method was used to evaluate CVI. In doing so, the tool was 

given to 10 experts and they were asked to rate the relevance, clarity, and 

simplicity of each item based on a 4-point Likert scale (scores 1 to 4). Then, CVI 

was computed using the following formula(19) 

  

After calculating CVI based on the total number of agreed points for each item 

(scores three and four in the four-point scale), scores above 0.79 were considered 

to be suitable and acceptable, scores between 0.70 and 0.79 were regarded as 

questionable and requiring correction, and scores less than 0.70 were determined as 

unacceptable(21). 

Internal Structure: Construct validity 

 Considering convergent and divergent construct validity, the Chronic Pain 

Questionnaire was used as the convergent instrument and General Health 

Questionnaire, the validity and reliability of which were investigated by Seyed 

Mohammad Reza Taghavi(22) was used as the divergent tool. At this stage, the 

questionnaires were completed by 20 operation room personnel selected randomly. 

In the end, the correlation between these questionnaires and the designed 

instrument was explored. 

 



Internal Consistency: Reliability 

Reliability is associated with stability and repeatability. In general, reliability 

allows us to estimate the proportion of error diffraction that constitutes the 

diffraction of the whole test. Using a reliable instrument repeatedly, the scores are 

not affected by the random error. Nonetheless, no tool is completely reliable even 

in the most desirable conditions(19). In this study, test-retest and internal 

consistency methods were used to evaluate the reliability of the instrument. These 

methods answer the question whether a person’s score on a test remains constant 

over time. In other words, when a group is tested and retested after a certain time, a 

high correlation is expected between the scores of the two tests. Considering test-

retest reliability in the present study, the questionnaire was distributed among 20 

randomly selected operation room personnel. Then, the questionnaire was given to 

the same group after two weeks. Intra-cluster correlation was determined by 

comparing and analyzing the results (19). Cronbach’s alpha was also used to 

measure the internal consistency of the instrument. Generally, Cronbach’s alpha 

should be between 0.7 and 0.8 for a good correlation. In this study, internal 

consistency was determined by selecting 20 operation room personnel randomly. 

In this way, the items were examined in terms of concept suitability. The alpha 

coefficient is the most widely used statistical method to determine the internal 

consistency and it is the only indicator of reliability that requires only one test run. 

In this method, the correlation between each item and other items is important. The 

alpha coefficient was calculated by taking the mean of item-to-item correlations by 

using the following formula(19, 21) 

 

 



Ethical considerations 

In this study, all ethical points were observed and all steps were performed with the 

permission of the Ethics Committee of Shiraz University of Medical Sciences 

(code of ethics: IR.SUMS.REC.1398.263). Before beginning the study, its goals 

were explained to the participants and their written informed consents were 

obtained. The participants were informed that participation in the study was 

voluntary and they were allowed to withdraw at any time. They were also 

reassured about the anonymity of the publications. 

Results: 

During the first phase of the research, by reviewing the existing texts and 

consulting with the professors, 29 items were obtained for the tool. In this way, the 

first format of the tool was made and entered into the face validation phase.  

Validity 

This phase of psychometric evaluation was done in both qualitative and 

quantitative forms. Assessment of the qualitative face validity led to the 

modification of three items. Indeed, two items were added by the experts at the end 

of this phase. Thus, 30 items were entered into the quantitative face validity phase. 

In this phase that assessed the importance of each item by using the item impact 

formula, all 31 items obtained the minimum impact score, i.e. 1.5, and were then 

entered into the next phase of psychometric evaluation. 

Qualitative and quantitative methods were used to assess the content validity of the 

instrument. Assessment of the qualitative content validity resulted in modification 

of three items and integration of one item into other items, eventually leading to 30 

items in the next phase of psychometric evaluation. Quantitative content validity 

was evaluated using both CVR and CVI. Based on the Lawsche table, the 



minimum CVR for the 14 experts was higher than 0.51, and only one item did not 

receive the required minimum score and was omitted. The mean CVR of the items 

was 0.91. Thus, 29 items were entered into the CVI calculation phase. Based on 

the investigation of CVI according to Waltz and Bausell’s method by 10 experts, 

scores above 0.79 were recommended for item acceptance. Accordingly, only one 

item scored less than 0.79 and was excluded. The mean CVI of the items was 0.95. 

At the end of this phase, the 28 items that had received the required scores were 

entered into the next phase of psychometric evaluation. 

Construct validity 

In order to evaluate the convergent and divergent validity, the correlation between 

the designed instrument and Chronic Pain Questionnaire and General Health 

Questionnaire was explored in 30 operation room personnel. The results showed a 

significantly high correlation (0.702) between the designed instrument and the 

Chronic Pain Questionnaire as the convergent instrument (p=0.035). A significant 

correlation (-0.375) was also observed between the designed instrument and the 

General Health Questionnaire as the divergent tool (p=0.041). 

Reliability 

The reliability of the tool was evaluated by using internal consistency and test-

retest methods. The internal consistency was assessed via measurement of 

Cronbach’s alpha among 20 operation room personnel. After analyzing the 

questionnaires, Cronbach’s alpha was computed as 0.608, which indicated the 

reliability of the instrument. The test-retest method was also performed on 20 

operation room personnel with a two-week interval. After comparing and 

analyzing the scores using the intra-cluster correlation index during these two 

stages, the correlation coefficient was computed as 0.77, which was statistically 



high and significant (p<0.001). This indicated that the answers to the questions 

were very similar in the two stages of the test. 

Discussion: 

This study aimed to design a tool to measure the operation room personnel’s 

awareness of the predisposing factors and dimensions of low back pain and to 

evaluate its psychometric properties. This questionnaire was designed based on the 

factors affecting the incidence of low back pain and operating room conditions 

followed by investigation of face validity, content validity, construct validity, and 

reliability. The questionnaire consisted of two parts. The first part evaluated low 

back pain via 10 multiple-choice questions, while the second part assessed the 

awareness of low back pain by 17 items using a three-point Likert scale (yes, no, I 

do not know). 

Lawlis et al. conducted a study in 1989 and designed the Dallas Pain Questionnaire 

to assess the effect of spinal pain on the patients’ behaviors. In order to assess the 

psychometric properties of this questionnaire, they made use of factor analysis. 

They also evaluated convergent validity by using McGill Pain Questionnaire in 

order to assess the construct validity. Finally, they tested the reliability of the tool 

through the test-retest method. The results showed that the correlation coefficient 

was equal to 0.97, which indicated great similarity between the responses in both 

test and retest(23).The differences between the Dallas Pain Questionnaire and the 

instrument designed in the present study could be attributed to the differences 

between the target groups (the present study focused on the operation room 

personnel) as well as the psychometric assessment stages involving quantitative 

and qualitative face and content validity methods and determination of construct 

validity by calculating the correlation coefficient in convergent and divergent 

validities.  



In order to assess the reliability of the questionnaire in the current study, we 

calculated Cronbach’s alpha coefficient (0.608) in addition to the test-retest 

method (correlation coefficient=0.77), indicating the high accuracy of the study. 

Anagnostis et al. determined the psychometric properties of the Pain Disability 

Questionnaire in 2004. In that study, construct validity was assessed by factor 

analysis and convergent validity using the Oswestry Questionnaire. The results 

revealed a significant correlation between the two instruments. Moreover, the 

reliability of the tool was assessed by the test-retest method, demonstrating the 

correlation coefficient of 0.97. Internal consistency of the instrument was also 

approved by Cronbach’s alpha coefficient of 0.96(24). The correlation between the 

scores in the test-retest method and the Cronbach’s alpha coefficient were higher in 

the study performed by Anagostis in comparison to the instrument designed in the 

present study. This might be associated with working in the stressful conditions of 

the operation room and its impacts on the personnel’s bodies and minds. 

In another study in 2005, Kim et al. evaluated the validity and reliability of a 

questionnaire on the impotence created by spinal diseases in Korea. In order to 

determine the construct validity of the instrument, we assessed convergent validity 

using the World Health Organization’s Quality of Life Questionnaire, indicating 

the correlation coefficient of 0.48. Its reliability was also assessed by internal 

consistency method (Cronbach’s alpha of 0.84) and test-retest method with a two-

day interval (correlation coefficient of 0.91)(25). One of the strong points of the 

current study was that both convergent and divergent validity were used to 

determine the construct validity of the designed instrument, while only convergent 

validity was used in Kim’s study. Similar to Kim’s study, reliability was assessed 

via internal consistency and test-retest methods, but the only difference was that 

the test-retest method involved a two-week interval in the present study. 



Manouchehr Shirazi et al. carried out a research to design and psychometrically 

evaluate the Chronic Pain Acceptance Questionnaire in the elderly individuals in 

2014. The validity of the instrument was assessed through face validity, content 

validity, and construct validity by using exploratory factor analysis. The results 

showed that the means of CVR and CVI were 0.94 and 0.92, respectively. 

Additionally, the reliability of the instrument was determined by the internal 

consistency (Cronbach’s alpha of 0.83) and test-retest methods (correlation 

coefficient of 0.85)(26). The psychometric evaluation stages in Shirazi’s study 

were similar to those of the present study,  except for the fact that convergent and 

divergent validity were used to explore construct validity in the current study. 

Also, the means of CVR and CVI were 0.91 and 0.95, respectively in the present 

survey, which showed no significant differences with the measures reported in 

Shirazi’s study. 

Zarshenas et al. conducted a study in 2018 to design a questionnaire for measuring 

the health needs of patients with chronic low back pain and explore its 

psychometric features. Psychometric evaluation was done through face validity 

(qualitative and quantitative), content validity (qualitative and quantitative), and 

construct validity through exploratory factor analysis. Besides, internal consistency 

method was used to test the reliability, which revealed the Cronbach’s alpha 

coefficient of 0.70(8). The psychometric evaluation stages in that study were the 

same as those used in the present study, except for the construct validity. Factor 

analysis was used to evaluate the construct validity in the study by Zarshenas et al., 

while convergent and divergent validity were employed in the present study. 

Furthermore, reliability was assessed via the internal consistency method and 

calculating the alpha coefficient in the study by Zarshenas et al., while the test-

retest method was also used in the current study. 



Conclusion: 

The present questionnaire was designed for assessment of the awareness of 

predisposing factors and dimensions of low back pain among healthcare team 

members, particularly operation room personnel, through an intensive investigation 

of credible scientific sources in the field of low back pain. Considering its 

appropriateness for assessing the awareness of predisposing factors and dimensions 

of low back pain, suitable validity and reliability, simple scoring, ease of use, 

comprehensiveness, and unavailability of similar questionnaires, it is 

recommended that this questionnaire should be used to evaluate the operation room 

personnel. 
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