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Abstract: To verify if the Nordic Musculoskeletal Questionnaire (NMQ), Visual Analogue Scale
(VAS), Roland-Morris Disability Questionnaire (RDQ) and physical examination of the lumbar
spine can identify workers with chronic or recurring low back pain, using health history for reference. Fifty office workers of both sexes, aged between 19 and 55 yr, were evaluated using a standardized physical examination and the NMQ, VAS and RDQ. Discriminant analysis was performed
to determine the discriminant properties of these instruments. A higher success rate (94%) was
observed in the model including only the NMQ and in the model including the NMQ and the physical examination. The lowest success rate (82%) was observed in the model including the NMQ,
RDQ and VAS. The NMQ was able to detect subjects with chronic or recurring low back pain with
100% sensitivity and 88% specificity. The NMQ appears to be the best instrument for identifying
subjects with chronic or recurring low back pain. Thus, this self-reported questionnaire is suitable
for screening workers for chronic or recurring low back pain in occupational settings.
Key words: Health surveillance, Screening, Self-reported tools, Office workers

Introduction
Low back pain is recurrent in 24 to 33% of cases, and
recurrence can affect the patient’s prognosis1). Thus, the
commonly used temporal definitions of acute, subacute
and chronic low back pain have been questioned, and
recurrence is considered an important aspect to consider in
this disorder.
The literature appears to lack data regarding the sensitivity and specificity of physical examination and provocative manoeuvres for low back pain. However, the findings
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from a physical examination combined with a detailed
health history can facilitate differential diagnosis and treatment management. Nevertheless, in a prospective study
involving 295 individuals who had consulted a low back
pain specialist, 40% of the examinations did not involve
inspection of the column, and 20% did not rely on spine
palpation2).
Fritz et al.3) conducted a randomized trial in 78 patients
with work-related low back pain, and reported that the
patients who received treatment based on the findings of a
physical examination had better outcomes than the patients
who received interventions that did not account for these
findings.
Although low back assessments have been extensively
studied in these patients, the associations between the
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severity of the condition and functional capacity appears
to be weak and conflicting, which can be attributed to the
inclusion of people of different ages and clinical statuses4).
In the occupational environment, the evaluation of
musculoskeletal disorders is commonly performed through
self-reported questionnaires due to their practicability and
low cost5–9).
There is strong evidence that the most consistent predictor of episodes of low back pain and absenteeism is a
history of pain9). According to Descatha et al.10), the low
back history is the benchmark for evaluating this disorder.
However, in organizational settings, such as large companies, it is not feasible to perform individualized assessments of all workers on the basis of low back history. In
this context, health practitioners need sensible screening
tools to identify workers with chronic or recurring low
back pain in order to propose specific interventions. The
chronicity of pain may be associated with the presence of
symptoms below the knee, psychological stress or depression, kinesiophobia, low expectation of recovery, high
pain intensity and passive coping style1, 11).
Thus, the aim of this study was to verify if the Nordic
Musculoskeletal Questionnaire (NMQ), Visual Analogue
Scale (VAS), Roland-Morris Disability Questionnaire
(RDQ) and physical examination of the lumbar spine can
distinguish workers with chronic or recurring low back
pain, using health history for reference.

Methods
Subjects
The workers from an administrative department of a
public university were invited to take part in the study
by a lecture regarding work-related musculoskeletal disorders prevention and ergonomics. All workers (N=142)
participated in this lecture and 106 agreed to participate
by signing the informed consent. An email was sent to the
workers that did not sign the consent form in order to reinforce the importance of their participation. However, due
to time constraints, fifty workers (47%) were evaluated
between January and April 2014. The workers who agreed
to participate signed an informed consent form. The study
was approved by the University’s Human Research Ethics
Committee (CAAE 0032.0.135.000-07).
The workers were classified into one of two groups
according to the report of their history of low back pain:
(1) low back pain group (LBP), for those with a history of
back pain or (2) control group (CG), for those who did not
have a history of low back pain.
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Equipment and instruments
Physical evaluation
The physical evaluation comprised mobility and strength
tests, palpation and neurological tests for the lumbar spine.
Each item was classified as normal or impaired 12, 13) .
Mobility was assessed by lumbar range of motion and pain
during trunk motion (flexion, extension and lateral bending). The strength of the quadriceps (nerve roots L2, L3
and L4), tibialis anterior (L4 nerve root), extensor hallucis
longus (L5 nerve root) and peroneus longus (S1 nerve
root) was assessed from the midrange of motion of each
muscle (12). Palpation was evaluated on the paraspinal
muscles, spinous and transverse vertebrae processes (1).
Lasègue (sciatic nerve), Straight Leg Raising (SLR) with
inversion and dorsiflexion (sural nerve) and with eversion
and plantar flexion (tibial nerve) were also tested13).
Nordic Musculoskeletal Questionnaire (NMQ)
The NMQ was developed to identify musculoskeletal
problems in different parts of the body, with questions
about the presence of symptoms (pain, tingling and numbness) in the past 12 months and 7 d, functional limitation
at home and work and consultation with a health professional due to these symptoms8).
Roland-Morris Disability Questionnaire (RDQ)
The RDQ is a questionnaire that measures disability due
to low back pain. The RDQ was derived from the Sickness
Impact Profile (SIP), which is a 136-item questionnaire
that generates a measure of health status covering all aspects of physical and mental functions. Roland and Morris
selected 24 SIP items relating to physical functions impaired by low back pain. Each item begins with the phrase
‘because of my back pain…’14).
Visual Analogue Scale (VAS)
The VAS is a pain scale ranging from ‘no pain’ to ‘worst
possible pain’. As this scale shows good correlation with
other pain scales, such as the numerical scale, it is easy to
understand and apply15, 16).
Procedures
First, the subjects attended a clinical interview that
included questions about general musculoskeletal symptoms and pain characteristics to identify the history of low
back pain and to classify the subjects into groups (LBP
and CG). Next, the subjects answered the NMQ, RDQ
and VAS. A physical assessment of the lumbar spine was
performed in sequence.
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Data analysis
The data from the questionnaires and physical assessments were coded. Each positive answer on the NMQ regarding the lower back was assigned 1 point (range from 0
to 4 points); each positive item on the RDQ was assigned
1 point (range from 0 to 24 points); the VAS was considered a continuous variable, ranging from 0 to 100 mm. For
the physical examination, each positive item also received
1 point, regardless of whether the involvement was unilateral or bilateral.
The analysis was performed using SPSS 17.0 software,
with a significance level of 0.05. Discriminant analysis
(DA) was applied to determine which independent variables (NMQ, VAS, RDQ and physical assessment) would
better detect subjects with chronic or recurring low back
pain defined by health history. This analysis provided
a discriminant function allowing us to determine the
probability of belonging to each group17). The DA also
provided an index of the importance of each variable:
the discriminant coefficients. These coefficients provided
quantitative information on the contribution of each variable to the discrimination between groups, making them
analogous to standardized regression coefficients (beta) in
multiple regression analysis.
Four models were tested to identify the variables that
could classify the study population: Model 1 considered
the sum of each evaluation method (NMQ, RDQ, VAS and
physical examination); Model 2 included the NMQ and
physical examination items; Model 3 included the NMQ,
RDQ and VAS; and Model 4 included only the NMQ items.
Models were chosen by selecting only the plausible combinations of the instruments and the physical examination
variables, i.e., combinations which have a practical meaning. Thus Model 1 represented the complete model, Model
2 separated the NMQ in items, Model 3 included only the
questionnaires and Model 4 included only the NMQ items.

Results
The sample comprised 28 individuals with a history of
low back pain (LBP=9 men and 19 women) and 22 workers without a history of pain (CG=9 men and 13 women).
The mean age of the subjects was 32 yr [LBP=32.2 (11.9)
and CG=32.1 (3.4) yr]. The average weight of the subjects
was 71.0 (3.0) kg for the LBP and 65.5 (2.8) kg for the
CG. The average height was 1.71 (0.3) m for the LBP and
1.67 (0.1) m for the CG. There was no difference between
the groups with regard to these variables.
Figure 1 shows the frequency of positive responses
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Fig. 1. Proportion of positive responses on the Nordic Musculoskeletal Questionnaire (NMQ) and physical examination for the
low back pain (LBP) group and control group (CG).
Year: presence of symptoms in the last 12 months; Limitation: functional limitation to perform work, domestic and leisure activities due
to back pain; Care: seeking health care due to low back pain; Week:
symptoms in the last 7 d; Mobility: deficit of spinal mobility or pain
during movement; Palpation: pain during palpation.

for each item on the NMQ and the physical examination
for both groups. The LBP presents a higher proportion
of symptoms and findings in the physical assessment as
compared to the CG, as expected.
Figure 2 shows the frequency of positive responses on
the RDQ according to the groups. Most subjects in both
groups reported no positive answers on the RDQ (53%
of the CG and 37% of the LBP). The number of positive
responses in the CG ranged from 1 to 4, while those in the
LBP ranged from 1 to 7 questions.
Discriminant analysis
Model 1: NMQ, RDQ, VAS and physical assessment
The level of association between the variables was poor,
indicating that all variables have discriminant potential. The
difference between the means of the two groups was 0.39
(p≤0.01) for the NMQ; 0.78 (p≤0.01) for the physical assessment; 0.94 (p=0.08) for the RDQ and 1.00 (p=0.92) for the
VAS. There was a significant difference between the groups
in terms of the NMQ and physical assessment; there was no
difference between the groups for the RDQ and VAS.
The discriminant coefficients generated in Model 1 were
0.92 for the NMQ and 0.41 for the physical assessment. The
discriminant function was Z=1.07X + 0.22Y − 1.74, with Z
being the score reflecting the categorization of individuals
into the groups, X the NMQ score and Y the physical examination score. The limit values for assignment to the groups
(centroids) were 1.50 for the LBP and −1.18 for the CG.
Industrial Health 2015, 53, 340–345
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The discriminant function was Z=1.16X−1.33, with Z
being the final score and X the NMQ score. The centroids
were 1.37 for the LBP and −1.08 for the CG. In this model, 9 subjects (18%) were classified differently from the
original classification: 3 asymptomatic and 6 symptomatic.

Fig. 2. Percentage of positive responses on the Roland Disability
Questionnaire (RDQ) for the low back pain (LBP) group and control group (CG).

The classification of the subjects according to Model 1
showed 88% correct classification. Six subjects were misclassified: 3 symptomatic workers (6%) were classified as
asymptomatic (false negative) and 3 asymptomatic workers (6%) were classified as symptomatic (false positive).
Model 2: NMQ and physical examination
The association between variables was poor, except for
functional limitation and seeking care due to lower back
symptoms. The difference between the means of the two
groups was 0.21 (p≤0.01) for pain in the past 12 months,
0.78 (p≤0.01) for functional limitation, 0.72 (p≤0.01) for
seeking care, 0.76 (p≤0.01) for pain in the past 7 d, 0.93
(p=0.06) for mobility and 0.76 (p≤0.01) for palpation.
The discriminant coefficients were 0.91 for pain in the
past 12 months, 0.32 for seeking care and 0.34 for palpation. The reported pain in the last year was the strongest
factor discriminating the subjects, followed by palpation
and demand for care.
The discriminant function was Z=3.87A + 0.97 M + 0.27P
−2.44, with Z being the classification of each subject, A the
pain in the past 12 months, M the demand for care and P
the palpation score. The centroids were 2.37 for the LBP
and −1.86 for the CG. The final classification showed 3
asymptomatic individuals classified as symptomatic (false
positive) and 94% of the original cases correctly classified.
Model 3: NMQ, RDQ and VAS
The level of association between variables was poor.
The difference between the group means was 0.39 (p≤0.01)
for the NMQ, 0.94 (p=0.08) for the RDQ and 1.00 (p=0.92)
for the VAS. Thus, the RDQ and VAS do not distinguish
between the groups.

Model 4: Individual items of the NMQ
The association between variables was poor, except
for functional limitation and seeking care, which were
strongly associated with each other. The difference between
the means was 0.21 (p≤0.01) for symptoms in the past
12 months, 0.78 (p≤0.01) for functional limitation, 0.72 for
seeking care (p≤0.01) and 0.76 (p≤0.01) for symptoms in
the past 7 d. Thus, all items have discriminant potential.
The discriminant coefficients were 0.95 for symptoms
in the past 12 months and 0.31 for seeking care. Thus,
the other items of the NMQ did not show discriminant
potential. The discriminant function was Z=4.03X + 0.93 M
−2.18. The centroids were 2.23 for the LBP and −1.75 for
the CG. The final classification resulted in 3 subjects being classified differently from their original classification;
thus, there was 94% correct classification.
Table 1 summarizes the results obtained in the models.
Model 4 showed the best cost benefit results, since it
included only the results of the NMQ and presented the
highest sensitivity and specificity.

Discussion
The present study aimed to verify if a questionnaire and
a physical examination could be used to identify subjects
with chronic or recurring low back pain. Fifty office workers from the same workplace and subject to similar working conditions were recruited to participate. The subjects’
demographic data were also similar. This helped to reduce
individual influences on the results. The DA indicated that
the NMQ showed good discrimination capability. The results of the study showed that workers with chronic or recurring low back pain were more restricted in their work,
housework and leisure activities, and therefore sought
health assistance with higher frequency, as expected18, 19).
Since the worker’s low back health history, questionnaire
responses and physical examination were based on his or
her perception, this may have compromised the outcome
validity. However, there are no other tests available to confirm the anatomical source of back pain, and thus provide
an accurate diagnosis. Moreover, the consensus is that these
exams have variable rates of false positive and negative1),
and the use of these tests has also been questioned.
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Table 1. Final classification obtained in each model, success rate, sensitivity and specificity
Models
1. NMQ, RDQ, VAS and PE
2. NMQ and PE
3. NMQ, RDQ and VAS
4. NMQ

Groups

Final classification
CG

LBPG

Total

Success rate

Sensitivity

Specificity

88%

0.89

0.86

94%

1.00

0.88

82%

0.81

0.84

94%

1.00

0.88

CG

25

3

28

LBP

3

19

22

CG

25

3

28

LBP

0

22

22

CG

25

3

28

LBP

6

16

22

CG

25

3

28

LBP

0

22

22

NMQ: Nordic Musculoskeletal Questionnaire; RDQ: Roland Disability Questionnaire; VAS: Visual Analogue Scale; PE: physical
examination; CG: control group; LBP: low back pain group

Sensitivity is the ability of a test to correctly classify a
symptomatic individual, whereas specificity is the property
that a test has to correctly classify a healthy individual,
and the closer these values are to 100%, the more accurate
the test is20). Considering this, Model 4 showed the best
results; thus, the NMQ showed a high ability to identify a
worker with chronic or recurring low back pain and 22%
likelihood of a false positive.
In this study, the acute and subacute low back pain
workers were classified as asymptomatic (CG). Thus, the
false positive rate may have been due to the fact that the
NMQ did not differentiate between types of back pain. It is
likely that some individuals in the CG who had had acute
and subacute pain in the previous year responded positively to questions on the NMQ. Nevertheless, the NMQ
showed a greater potential than the other instruments to
identify workers with chronic or recurring low back pain.
This result indicates that the NMQ, although not structured
to assess chronic and recurring pain, was more sensitive
to evaluating these types of pain; thus, this tool could be
used to predict future episodes of low back pain. However,
the high sensitivity of this instrument is important in the
occupational setting, as it could be used for screening
workers, and the false positive would yield less relevant
consequences than a false negative would, in relation to the
implementation of specific actions in companies.
The most important items on the NMQ for discriminating
between groups were the presence of pain in the last year
and seeking health care, suggesting that these questions are
closely related to chronic or recurring low back pain.
In Model 2, which included the NMQ and physical
assessment, the discriminant variables were also the two
questions of the NMQ and palpation. These results are
consistent with studies showing that symptomatic indi-

viduals have greater pain sensitivity in the lumbar spine
and seek health assistance more often12, 21).
In addition, office workers spend much of their time in
static postures that require low mobility and continuous
activation of the trunk muscles. Therefore, both groups
are subject to activities with similar muscular demands22).
These factors may explain why the VAS failed to discriminate between the groups.
The RDQ did not discriminate the groups. This result
can be explained by the low level of disability in the
sample, since the highest score was 7 points1, 14). The RDQ
and VAS were not sensitive, so these tools should not be
used for screening for low back pain in the occupational
context; nevertheless, this does not diminish their importance in the clinical evaluation of patients23–25).
Although all models showed acceptable sensitivity and
specificity, Models 2 and 4 yielded better results26). Model
4 is the most practical model for screening workers for
chronic or recurring low back pain in occupational settings.

Conclusion
The evaluation of low back pain in the last year and seeking health care on the NMQ identified subjects with chronic
or recurring low back pain with sensitivity of 100% and
specificity of 88%. The RDQ and VAS did not distinguish
workers with low back pain. Although physical examinations are important in the clinical context, in occupational
settings, they did not increase sensitivity and specificity.
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