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Abstract: This cross sectional study developed and validated a LBP risk-factor screening scale for 
use with sugarcane farmers. The scale was developed from a synthesis of LBP risk factors, pre-
tested with 30 sugarcane farmers and administered to five hundred and forty sugarcane farmers 
to test its psychometric properties. Results indicated construct validity for three factors; physical 
factors (19 items) with factor loadings of 0.406 to 0.881 and communalities between 0.471 and 0.991; 
psychological factors (7 items) with factor loadings of 0.635 to 0.821 and communalities between 
0.444 and 0.714, and third, working environment factors (2 items), with factor loadings between 0.345 
and 0.347 and communalities between 0.946 and 0.953. The content validity index was 0.90 with 
reliability index of 0.87. Sensitivity, specificity, positive predictive value, negative predictive value 
and accuracy were 82.02%, 30.49%, 62.65% and 54.40% respectively. The area under the receiver 
operating characteristic was 0.56. The scale’s high specificity and sensitivity and comprehensive 
three risk-factor dimensions should make it a very useful screening tool in primary health care for 
early detection of LBP and for LBP risk-reduction and prevention advice. Future studies could 
focus on confirming content and predictive validity in other settings to assess generality of its usage.
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Introduction

Low back pain (LBP), discomfort or pain experienced 
in the lumbar spine or lower region of the spine, is a major 
musculoskeletal disorder with estimated global prevalence 
among working–age people of around 60–70%1). LBP 

is identified as an important occupational health issue in 
many countries2).

Eighty percent of Thai working-age people are esti-
mated to have musculoskeletal disorders3), with the high-
est Thai LBP prevalence in informal sector workers who 
work at home. For example, 46% of sugarcane farmers 
had LBP4). The major cause of LBP among Thai sugarcane 
farmers is physical labor used in preparing and planting 
land, the cutting, lifting and carrying sugarcane at harvest 
rather than using machinery.

Sugarcane farmers with severe LBP have restricted 
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movement which reduces work efficiency, increases sick 
days from work5) and impacts on farmers’ quality of life 
and individual and national income. Treating LBP is a 
major economic cost. For example, in the United States of 
America LBP-related treatment costs exceeded $100 bil-
lion, in 20066). In 2012, it was estimated the Thai govern-
ment spent 26,681 million baht (USD 796 million) treating 
shoulder upper back and low back pain7).

The prevention of work-related LBP would improve 
sugarcane farmers’ quality of life, increase work efficiency, 
sugarcane production and individual and country incomes. 
The development of a valid and reliable screening tool for 
early back pain risk detection would be an important con-
tribution to developing prevention strategies for this work 
group. While there are many tools to measure work risk 
factors for limb and whole body pain e.g., in industrial, of-
fice, furniture and garment factory settings, there is limited 
research on development of a risk screening tool for LBP 
among sugarcane farmers. Sugarcane farmers often work 
many consecutive 12 h days (e.g., 6 am to 7 pm) cane cut-
ting, with repetitive forceful bending and twisting motions 
different from other farm labor. Some cross-sectional Thai 
studies have investigated LBP prevalence and LBP risk 
factors among sugarcane farmers8). This study was de-
signed to develop and validate a LBP risk-factor screening 
scale for use with sugarcane farmers.

Materials and Methods

Research design
This research study used a cross sectional methodologi-

cal design.

Setting for study and participants
A multistage random sampling technique was used. 

Firstly a simple random sampling was performed to select 
three provinces in Northeastern Thailand where sugarcane 
was a major crop, namely Khon Kaen, Nakhon Ratcha-
sima, and Udon Thani. This was followed by simple 
random samplings of districts and sub districts from those 
three provinces. Then cluster random sampling was used 
to select villages, and all samples that passed the inclu-
sion criteria were selected to join the study. The inclusion 
criteria included participants had to have been engaged 
in sugarcane production for at least one year and aged 
between 18–59 years old. Exclusion criteria were partici-
pants with diagnosed pre-existing bone or muscle disease 
such as gout, arthritis, rheumatism, osteoporosis, osteoar-
thritis, myasthenia gravis, immune deficiency, menopausal 

syndrome, or, those who had received surgery for a bone 
or muscle disorder. With reference to recommendations 
for approximately 300 to 500 subjects, or large samples, 
for factor analysis9) a total 540 sugarcane farmers were 
selected as the sample. It falls within the sample range of 
500–999 considered appropriate for factor analysis10).

Development scale
There were two phases in the development of the work-

related LBP risk assessment tool11) as follows;
Phase 1: Development of questionnaire
Step 1: Synthesis of LBP risk factors from ergonomic 

principles underlying work-elated LBP12–14) was carried 
out by (1) reviewing relevant literature using keywords 
including: LBP, working postures, repetitive work, 
forceful exertions, financial stress, sugarcane farm-
ers, and keywords from the database of health science 
electronic databases, and (2) in-depth interviews with 10 
purposively-sampled sugarcane farmers. The results from 
content analysis revealed two dimensions of risk factors; 
1) Individual factors: gender, age, weight, high body 
mass index, smoking, exercise and illness 2) occupational 
factors, including 2.1) physical factors included repeti-
tive activity, static work posture, awkward postures, and 
forceful exertions 2.2) psychological factors included 
working long time, working against time, job demand, job 
dissatisfaction, job strain and depression, and 2.3) working 
environment factors such as heat, sunlight.

Step 2: Generate items for the assessment tool devel-
opment to be used to identify the LBP risks. An item 
pool was generated from the findings from step 1, which 
yielded 32 items with yes/no format. It had three domains: 
1) a physical domain consisting of repetitive gestures 
(4 items), long duration posture (3 items), unsuitable 
posture (6 items), work exertion (8 items), and 2) a psy-
chological domain (9 items) and 3) a work environment 
domain (2 items).

Step 3: Content validity was performed by six experts: 
three physical therapists, an occupational health physician, 
an orthopedic physician and a rehabilitation physician. 
Their tasks were to determine question consistency for the 
research and examine the format, clarity, appropriateness, 
and coverage of content created using the content validity 
index (CVI). It was found that from all 32 questions, the 
experts agreed that there were 30 content-related ques-
tions.

This questionnaire consisted of four parts. The first 
part covered general demographic and socioeconomic 
characteristics, the second focused on ergonomic factors 
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including working in awkward or stationary positions, 
lifting heavy or awkward items, repetitive motion, using 
excessive force, and being exposed to excessive vibration 
and extreme temperatures. The third part covered psycho-
logical factors including work durations, job demands, job 
satisfaction, strain, and depression. The last part is work 
environment factor such as heat.

Step 4: A pretest of the preliminary instrument was 
performed using 30 sugarcane farmers in Sahatsakhan 
District, Kalasin Province. Kuder Richardson (KR20) was 
used to determine the internal consistency of the scale to 
indicate how well the items fit together conceptually. Its 
internal consistency was found to be within the acceptable 
value of ≥0.7011).

Phase 2: Evaluation of psychometric properties
A field-test was conducted to determine the construct 

validity and predictive validity of the instrument. Five 
hundred and forty sugarcane farmers tested the instru-
ment’s psychometric properties, before it used with the 
large sample of sugarcane farmers. Exploratory factor 
analysis (EFA) was performed to evaluate the construct 
validity. Sensitivity, specificity, positive predictive value, 
and negative predictive value was calculated to evaluate 
the predictive validity.

The Standardized Nordic Questionnaire15) was used to 
measure the respondents’ subjective perceptions of LBP 
over the last 7 d and/or the last 12 months. The Standard-
ized Nordic Questionnaire is widely used and generally 
considered to have high reliability, for example achiev-
ing a reliability of 0.9016). In Thailand, the reliability of 
this instrument has been found to be 0.80.17) A possible 
limitation of Standardized Nordic Questionnaire scores is 
respondents’ differential pain tolerance thresholds result-
ing in low self-reporting of LBP even where participants’ 
range of motion could be considered abnormal. Therefore, 
two expert physiotherapists performed objective musculo-
skeletal examinations to assess achievable range of motion 
(extent to which a joint or group of muscles can be flexed 
or extended) to confirm the subjective LBP measures from 
the Standardized Nordic Questionnaire. A LBP code of 
normal=0 or abnormal=1 was derived from both assess-
ments. An abnormal code on both measures was required 
to define LBP. The criteria for LPB occurrence in last 12 
months was used because sugarcane farming work de-
mands and LBP risk vary across the planting and harvest-
ing seasons.

Data collection
After developing a list of sugarcane farmers, the 

researcher worked collaboratively with village health 
volunteers to make appointments with sugarcane farmers 
in the village and obtain written consent from the farmers 
for the participation. LBP perception was collected by 
using Standardized Nordic Questionnaire and two expert 
physiotherapists were assigned to assess achievable range 
of motion. Risk-factor data were collected using the devel-
oped questionnaire.

Data analysis
All questionnaire data was entered into Excel spread-

sheet format and analyzed using STATA (v 10.0). Descrip-
tive statistics (means or proportions) were used to charac-
terize the demographic data and LBP. The psychometric 
evaluation of tool used Kuder Richardson (KR20) for 
reliability and the content validity index (CVI). Likewise, 
construct validity was tested using exploratory factor 
analysis (EFA), principal component method with Promax 
rotation was used to explore the structure of the items and 
examine its construct validity, since it allows correlation 
of the factors18). Predictive validity was measured us-
ing sensitivity, specificity, positive predictive value, and 
negative predictive value. The receiver operating charac-
teristics (ROC) curve was generated to display the trade-
off between sensitivity and specificity for a range of test 
scores. True-positive rate (sensitivity) was plotted on the 
vertical axis against the false-positive rate (specificity) on 
the horizontal axis over a range of potential cut off scores. 
Similarly the area under the curve (AUC) was calculated.

AUC were produced to evaluate the discriminatory 
ability of the risk score. The risk score was calculated 
by dividing the coefficients by the absolute value of the 
smallest coefficient in the final model and rounding up to 
the nearest integer19). The area under the ROC would be 0.5. 
A score performing significantly better than chance was 
an AUC >0.5 with the lower limit of the 95% confidence 
interval Sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) for several 
cut-off scores were calculated and the cut-off score with 
maximum sum of sensitivity and specificity was taken as 
an optimum20).

Ethical review
The proposal for this research was reviewed and ap-

proved by the Human Ethics Research Committee of Khon 
Kaen University (HE 552186).
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Results

Participant demographics
The participants were 540 sugarcane farmers and 57.6% 

were females. Fifty point six percent were age between 
40–49 yr (mean=age 44.75, SD=7.67) and 95% were 
married. Forty eight point three percent had duration of 
sugar work from 1 to 10 h (mean=15.41, SD=10.50) and 
66.8% had work hours per day between 7–8 h (mean 7.84, 
SD=1.64). Further details were presented in Table 1.

The prevalence of LBP
The majority of respondents reported LBP in the past 

7 d and in the last 12 months; 51.67% (95%CI=47.36 to 
55.95) and 58.70% (95% CI=55.42 to 62.89), respectively, 
and the results are presented in Fig. 1.

Factors associated with LBP among sugarcane farmers
Multiple logistic regression analysis indicated statisti-

cally significant associations between suffering LBP in 
last 12 months and several factors (p-value<0.05), and the 
results are given in Table 2.

Validity and reliability of a work-related low back pain 
risk assessment tool

The content validity index (CVI) and Kuder-Richardson 
reliability coefficients were 0.90 and 0.87 respectively. 
Regarding construct validity, the scale had three dimen-
sions; physical, psychological and work environment. The 
physical dimension had the largest number of high factor 
loadings (19 items, factor loading between 0.406 and 
0.881), less on psychological dimension (7 items, factor 
loading between 0.635 and 0.821), and lowest on work 
environment (2 items, factor loading from 0.345 to 0.347). 
Fuller details were shown in Table 3.

Predictive validity
Table 4 predictive values for sensitivity, specificity, 

positive predictive value (PPV+), negative predictive 
value (NPV−) of the worked-related LBP risk assess-
ment tool were 82.02%, 30.49%, 62.65%, and 54.40% 
respectively (more details in Table 4) and area under ROC 
curves equaled 0.56. A cutoff point of equal or more than 
10, indicated 2 times (95%CI: 1.33–3.00) the risk of LBP.

Discussion

This study developed and validated work-related low 
back pain risk-assessment tool for Thai informal sector 

Table 1.   Participant demographics (n=540)

Characteristics Number Percent

Gender
Male 229 42.4
Female 311 57.6

Age (yr)
20–29  17 3.1
30–39  103 19.1
40–49  273 50.6
50–59  147 27.2
Mean (SD)=44.75 (7.67)   
Median (Min, Max)= 45 (20,59)

Marital status
Single 22 4.1
Married 513 95.0
Widow/divorced/separate 5 0.9

Duration of sugarcane work (yr)
1–10  261 48.3
11–20  135 25.0
21–30  118 21.9
>30  26 4.8
Mean (SD)=15.41 (10.50)   
Median (Min, Max)=12 (1, 50)

Working  hours a day (h/d)
≤4 30 5.6
5–6 54 10.0
7–8 361 66.8
>8 95 17.6
Mean (SD)=7.84 (1.64)
Median (Min, Max)=8 (2, 13)

Fig. 1.   The prevalence of LBP in the past 7 d, in the last 12 
months.
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Table 2.   Factors association with LBP of sugarcane farmers (n=540)

Factors Number
Prevalence of 

the LBP; n (%)
Crude OR 
(95%CI)

Adjusted OR 
(95%CI)

Standing longer than four hours without changing posture per d. No 54 23 (42.59) 1 1
Yes 486 294 (60.49) 2.06 (1.16–3.64) 1.15 (1.05–2.56)

Bending their bodies continuously more than 2 h per d. No 95 46 (48.42) 1 1
Yes 445 271 (60.90) 1.65 (1.06–2.59) 1.29 (1.17–3.10)

Twisting their bodies continuously more than 2 h per d. No 75 33 (44.00) 1 1
Yes 465 284 (61.08) 1.99 (1.22–3.26) 1.50 (1.18–2.62)

Lifting heavy material weighing more than 34 kg more than one 
time per d.

No 49 20 (40.82) 1 1
Yes 491 297 (60.49) 2.21 (1.22–4.03) 1.60 (1.07–3.60)

Stooping their bodies more than 2 h continuously per d. No 105 52 (49.52) 1 1
Yes 435 265 (60.92) 1.58 (1.03–2.43) 1.35 (1.18–2.12)

Long working hours No 201 99 (49.25) 1 1
Yes 339 218 (64.31) 1.85 (1.30–2.65) 1.82 (1.27–2.62)

Table 3. Factor loading and item statements of a work-related low back pain risk assessment tool for sugarcane farmers (n= 540)

Dimensions and item statements
Factor loading Communalities 

(h2)1 2 3

Dimensions 1: Physical factors (19 items with Eigenvalue=1.69, % of Variance=3.51,  
Communalities (h2)=0.471–0.991
-Lifting heavy material weighing more than 25 kg, more than ten times per d. 0.881 0.811
-Lifting heavy material weighing more than 5 kg, two times per min, more than two time per d. 0.870 0.807
-Repetitively lifting shoulder and hands continuously more than 2 h per d. 0.853 0.908
-Sitting in squat position for more than 2 h per d. 0.853 0.766
-Standing without changing posture longer than four h per d. 0.840 0.909
-Working in kneeling position continuously >2 h per d. 0.833 0.898
-Lifting and twisting wrist repetitively more than 2 h per d. 0.802 0.689
-Lifting heavy material weighing more than 34 kg, more than one time per d. 0.788 0.661
-Throwing  objects over shoulder continuously. 0.611 0.495
-Lifting heavy material weighing more than 11 kg more than twenty five times per d. 0.573 0.986
-Driving a  tractor with vibration for more than 2 h per d. 0.572 0.991
-Driving a  sugar cane truck with vibration for more than 2 h a d. 0.570 0.988
-Extending arms and hands for more than 2 h per d. 0.566 0.629
-Throwing and twisting motion more than 2 h per d. 0.545 0.471
-Lifting with hands over shoulder for more than 2 h per d. 0.525 0.655
-Grasping or pressing hands for more than 2 h per d. 0.508 0.928
-Stooping for more than two hours continuously per d.         0.491 0.926
-Bending head down more than 2 h per d. 0.466 0.597
-Lifting head up for more than 2 h per d. 0.406 0.587

Dimensions 2: Psychological factors (7 items with Eigen value=1.69,  
% of Variance=3.51, Communalities (h2)=0.444–0.714)
-Anxiety about poor productivity. 0.821 0.714
-Long working hours. 0.803 0.663
-Stress about low price of sugarcane. 0.802 0.693
-Working harder to increase yield . 0.783 0.641
-Feeling desperate about low income and debt from sugarcane farming. 0.746 0.592
-Stress from working more than 8 h/d. 0.705 0.512
-Insufficient sleep. 0.635 0.444

Dimensions 3: Working environment factors (2 items with Eigen value=1.69,  
% of Variance=3.51, Communalities (h2)=0.946–0.953
-Working in excessive heat continuously for more than 2 h without a break. 0.347 0.946
-Very hot weather or excessive sweating. 0.345 0.953
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sugarcane farmers. The tool’s content was systematically 
developed from prior research literature and also incor-
porated specific work contexts and data from sugarcane 
farmers who had LBP experience21, 22). The study used 
mixed methods to provide rigorous evaluation of the tool’s 
development23).

This work-related LBP risk assessment tool was found 
to have higher content validity (0.90) than other stan-
dards24) with good congruence between the data collection 
instrument and dimension content factors. The tool may 
have such a high standard because its content was robustly 
validated by a variety of relevant experts from this field: 
three physical therapists, an occupational health physician, 
an orthopedic physician and a rehabilitation physician. 
As a result, the tool included the theory based and work-
ers generated risk factors and can be helpful determining 
whether the measure is well constructed and suitable for 
psychometric testing25). Kuder-Richardson test was used to 
test reliability and test and total-item correlation revealed 
good homogeneity. Kuder-Richardson scores ranged be-
tween 0.85 to 0.88 and the total internal consistency 0.87 
again at highstandard23).

Explanatory factor analysis also yielded support for 
construct validity of the tool and was able to classify the 
variables into three main dimensions, namely, physical 
factors, psychological factors and working environment 
factors12–14). Each item was required to have factor loading 
above the recommended criteria of 0.3018, 26, 27).

The predictive validity of this work-related low back 
pain risk assessment tool for sugarcane farmers had high 
sensitivity (88.3%) due to high prevalence of LBP which 
was gold standard similar to a study of Janwantanakul et 
al7). The risk score assessment at cut point (≥10 scores) 
was able to screen LBP among sugarcane farmers because 
at this cut point, thus a good first choice for a test cut off 
value is that value which corresponds to a point on the 
ROC curve nearest to the upper left corner of the ROC 
graph. The ROC area for this line is 0.61. It was more 
than 0.520). As a result, the work-related LBP risk assess-
ment tool had appropriate sensitivity, specificity, PPV+, 
PPV− and accuracy and at cut point of ≥10, it was able to 
identify the risk of LBP 2.00 times (95% CI: 1.33–3.00).

Conclusion and Implication

This study presents the development and validation of a 
LBP risk-assessment instrument for Thai sugarcane work-
ers, a very high LBP at-risk group. Its high specificity and 
sensitivity and comprehensive three risk-factor dimensions 

should make it a very useful tool for primary health care 
personnel for early screening and treatment of LBP and 
for providing risk-reduction and LBP prevention advice. 
Future studies could focus on further confirming content 
and predictive validity in other settings to assess generality 
of its usage.
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