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Purpose: To evaluate the diagnostic value of the Korean version of the Douleur Neuropathique 4 (DN4) questionnaire and to vali-
date this questionnaire in terms of psychometric properties in patients with chronic pain due to degenerative spinal disease.
Materials and Methods: The Korean version of the DN4 questionnaire, which was translated and linguistically validated by the
MAPI Research Group, was tested on 83 patients with lumbar or lumbar-radicular pain. Test-retest reliability was evaluated in a
subsample of 40 patients who completed two assessments with an interval of 2 weeks. Nociceptive pain and neuropathic compo-
nent pain were diagnosed in 40 and 43 patients, respectively.

Results: The Cronbach’s o coefficient of internal consistency was 0.819, and the test-retest intraclass correlation coefficient (3, 1)
(95% confidence interval) was 0.813 (0.776-0.847) (n=40). The area under the receiver-operator characteristics curve was 0.953
(p<0.001), with 95% confidence interval between 0.869 and 0.990. The Korean version of the DN4 questionnaire showed a sensi-
tivity of 100% and 87.1%, and a specificity of 88.2% and 94.1% at the cutoff value of 3/10 and 4/10, respectively, for discriminating
neuropathic component pain.

Conclusion: The present study demonstrated the good discriminatory power of DN4 between nociceptive pain and neuropathic
component pain in patients with lumbar or lumbar-radicular pain.
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the treatment of degenerative spinal disease. Not only ischemia
in nerve tissue but also a neuropathic pain mechanism was im-
plicated in the genesis of leg pain in patients with degenerative
spinal disease because compressed nerve roots exhibit edema,
fibrosis, demyelination, and axonal degeneration of the in-

INTRODUCTION

The management of neuropathic pain has been highlighted for
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volved neural element.® Therefore, pharmacological treatment
should be aimed at the management of the neuropathic com-
ponent of pain for the effective treatment of degenerative spi-
nal disease.*®

For this treatment approach, proper assessment of the neu-
ropathic pain component in degenerative spinal disease is im-
perative, and discrimination or subcategorization according to
the presence of neuropathic pain in patients with degenerative
spinal disease is a prerequisite. Hitherto, several questionnaires
have been used for the assessment of neuropathic pain, includ-
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ing the Leeds Assessment of Neuropathic Symptoms and Signs
Pain Scale, the ID Pain, Neuropathic Pain, painDETECT, and
Douleur Neuropathique 4 (DN4) questionnaires.®*

The DN4 questionnaire was developed by the French Neuro-
pathic Pain Group as a clinic-based instrument for identifying
patients whose pain has a predominantly neuropathic mecha-
nism,*"! and was designed as an easy-to-use diagnostic ques-
tionnaire and is composed of 10 “yes” or “no” items; seven
items are related to pain quality (i.e., sensory and pain descrip-
tors) based on interviews with patients, whereas three items are
based on clinical examination and are related to the presence
or absence of touch or pinprick hypoesthesia and tactile allo-
dynia. The total score is calculated as the sum of all 10 items,
and the cutoff value for the diagnosis of neuropathic pain is a
total score of 4/10.° The DN4 questionnaire has been shown to
have very good sensitivity (83%) and specificity (90%) for the
identification of chronic pain associated with a lesion in the
nervous system (either peripheral or central).”"

Nevertheless, to apply or use this assessment tool in non-
English speaking countries, the questionnaires should undergo
a standardized process of translation, cross-cultural adaptation,
and psychometric validation in terms of its ability to take into
account culture-specific conditions.” The analysis of psycho-
metric validation included reliability (internal consistency, in-
ter-rater agreement) and validity (receiver operating charac-
teristics curve) analysis. Even though the DN4 questionnaire
has been translated linguistically,"* the psychometric validation
of the Korean version of the DN4 questionnaires was not per-
formed yet.!"'**5'” We hypothesized that the present linguisti-
cally validated DN4 would have good psychometric properties.
Therefore the objectives of this study were to evaluate the diag-
nostic value of the Korean version of the DN4 questionnaire
and to validate this questionnaire in terms of psychometric
properties in patients with chronic pain due to degenerative
spinal disease.

MATERIALS AND METHODS

Study design and patients

The study was approved by the hospital institutional review
board. The study was designed as an observational, prospective
collected data and retrospective analysis. All data, including the
DN4 questionnaire results, were recorded as part of the routine
care of patients with lumbar or lumbar-radicular pain due to
degenerative lumbar disease. Therefore, we did not take the
signed informed consent. The inclusion criteria were patients 1)
from 35 to 85 years old: this age criterion was decided consider-
ing the capability to understand the questionnaires; 2) visiting
the outpatient’s facilities for chronic lumbar and/or lumbar-ra-
dicular pain due to degenerative spinal disease; 3) with a pain
duration of >3 months, because the present study dealt with
chronic pain; 4) with moderate or severe pain intensity [scoring
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4 or higher on the Visual Analogue Scale (VAS) for back or leg
pain]; and 5) who are native Korean speakers.

The exclusion criteria were patients with other severe muscu-
loskeletal pain, major comorbidity (e.g., malignant disorders or
sepsis), fibromyalgia, headache or visceral pain, cognitive im-
pairment or intellectual disability, and severe depression or
psychosis. The study was carried out at the spine center of a ter-
tiary-care teaching institution between November 2014 and
January 2015. The Korean version of the DN4 questionnaire
was used, which was translated and linguistically validated by
the MAPI Research Group.'® The principal investigator who an
expert in degenerative spinal disease and neuropathic pain,
proposed the diagnosis of neuropathic component or nocicep-
tive pain without the information from the DN4 questionnaire
by using medical history taking and examination according to
usual clinical practice. The diagnosis of the principal investiga-
tor was considered the gold standard. Before this gold standard
diagnosis, a research coordinator, blinded to the diagnosis pro-
posed by the principal investigator, administered the DN4 ques-
tionnaire. In addition, to investigate the test-retest reliability, a
research coordinator administered the DN4 questionnaire for
a second time in a subsample of 40 patients, 2 weeks after the
first. For inter-rater reliability, the DN4 questionnaire was ad-
ministered twice in a subsample of 30 patients by an another
investigator. Between the two visits, patient underwent further
radiological examinations such as plain X-ray and/or magnetic
resonance image of lumbar spine. If necessary, patient took
medications such as non-steroid anti-inflammatory drugs
(NSAIDs) or acetaminophen.

Statistical analysis

Internal consistency was evaluated, by using the Cronbach’s o
coefficient, to assess the contribution of each item to the con-
cept measured by the questionnaire. Cronbach'’s a was first as-
sessed for the complete questionnaire; then, each item was re-
moved to assess the independent contribution of each item to
the measurement error of the instrument. For inter-rater reli-
ability, the Cohen'’s kappa coefficient was used to measure the
agreement of the results obtained by two different raters for
each item and for the total score of the DN4 questionnaire. The
test-retest reliability was assessed by comparing the replies in
the first and second administrations of the DN4 questionnaire
in a subsample of subjects (n=40), by using the intraclass corre-
lation coefficient (ICC). In addition, we calculated that a mini-
mum sample of 88 patients would be required for the current
study, with expected area under the curve (AUC) would be 0.7
and a ratio (negative/positive groups) of 1.5, based on an alpha
of 0.05 and beta of 0.10. Receiver-operator characteristics (ROCs)
analysis was done to assess the utility of the DN4 total score in
distinguishing patients who had neuropathic component pain
defined by the gold standard diagnosis of the principal investi-
gator. The AUC and its 95% confidence intervals (CIs) for the
ROC curve were calculated. The AUC is a measure of the diag-
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nostic power of the test. An AUC of <0.60 is considered “nega-
tive”; 0.61 to 0.80, “doubtful”; 0.81 to 0.90, “good”; and >0.91,
“very good."” This also determined and set the ideal cutoff to
provide the best sensitivity and specificity values for the diag-
nosis of neuropathic component pain and the determination of
Youden’s index. All statistical analyses were performed by using
the SPSS 20.0.0 statistics package (SPSS Inc., Chicago, IL, USA).
A value of p<0.05 was accepted as significant.

RESULTS

Descriptive data of participants

Between November 2014 and January 2015, 115 patients not
previously examined by the principal investigator were evaluat-
ed at the spine center of a tertiary-care teaching institution and
were eligible candidates to participate in this study. Of the 115
patients, 83 who met the inclusion criteria were included. On
the other hand, 32 patients were excluded from the study: 15
patients had pain of <3 months’ duration, 12 patients had other
severe musculoskeletal pain and/or fibromyalgia, and 5 pa-
tients had major depression. Nociceptive pain and neuropathic
component pain were diagnosed in 40 and 43 patients, respec-
tively. Table 1 shows the baseline demographic data and char-
acteristics of patients in each of the study groups. There were no
differences in demographic characteristics between the two
groups. Patients with neuropathic component pain showed a
statistically significantly higher VAS score for leg pain than pa-
tients with nociceptive pain (p<0.001). The most common cause
of nociceptive pain and neuropathic component pain was me-
chanical low back pain (87.5%) and spinal stenosis (62.8%), re-
spectively. The mean DN4 score differed significantly between
the two groups (p<0.001) (Table 1). There was a significant cor-
relation between the total DN4 score and the VAS score for leg
pain (r=0.521, p<0.001).

Table 1. Descriptive Statistics of the Subjects in the Study

YMJ

Internal consistency, inter-rater reliability

and test-retest reliability

The Cronbach’s o coefficient of the internal consistency of the
Korean version of the DN4 questionnaire, which measures the
extent to which items of a scale represent a common underly-
ing variable, was 0.819. The Cronbach’s o coefficients did not
improve when each scale item was successively removed (val-
ues ranging from 0.788 and 0.818), justifying the contribution of
each item to the concept evaluated by the questionnaire (Table
2). As for inter-rater reliability, Cohen’s kappa coefficients for
each item ranged from 0.823 to 0.946, and Cohen’s kappa coef-
ficient for total DN4 score was 0.84 (Table 2). In an interval of 2
weeks, the test-retest ICC (3, 1) (95% CI) was 0.813 (0.776-0.847)
(n=40). Test-retest coefficients >0.7 are generally accepted as
sufficient, and coefficients >0.8 are considered as good."

Psychometric validation

The AUC measured was 0.953 (p<0.001) with 95% CI between
0.869 and 0.990, and a standard error of 0.031 (Fig. 1). The result
confirms the high discriminant power of the Korean version of
the DN4 questionnaire. In the assessment of the suitability of
the cutoff point, the sensitivity and specificity tests, as well as
Youden’s index, indicated that 3 and 4 are the ideal cutoff val-
ues for the sum of scores obtained in the items of the DN4
questionnaire. The cutoff point of 3 simultaneously represents
a sensitivity of 100%, specificity of 88.2%, and Youden’s index of
0.882. Furthermore, the cutoff point of 4 simultaneously repre-
sents a sensitivity of 87.1%, specificity of 94.1%, and Youden'’s
index of 0.812 (Fig. 1).

DISCUSSION

Study population

The present study demonstrated the good discriminatory pow-
er of the linguistically validated Korean version of the DN4 ques-
tionnaire, between nociceptive pain and neuropathic compo-

Nociceptive pain (40) Neuropathic component pain (43) pvalue
Age (yrs) 60.6+12.1 64.3+11.9 0.226
Female, n (%) 15(75.0) 14(70.0) 0.723
BMI (kg/cm?) 22.53+6.38 23.72+8.15 0.357
VAS for back pain 40+2.7 7B 0.593
VAS for leg pain 2.7%25 6.5+2.8 <0.001
DN4 15 5.7 <0.001
Symptom duration (months) 6.7£3.2 55451 0.423

Diagnosis

Discogenic back pain: 35
Degenerative spondylosis: 5

Spinal stenosis: 27
Herniated lumbar disc: 5
Degenerative spondylolisthesis: 6
Spondylolytic spondylolisthesis: 5

BMI, body mass index; SD, standard deviation; VAS, Visual Analog Scale; DN4, Douleur Neuropathique 4.

Values are mean=SD.
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nent pain in patients with lumbar or lumbar-radicular pain. It
should be acknowledged that our study population included
only patients with lumbar or lumbar-radicular pain due to de-
generative lumbar disease. However, previous studies have
shown that the neuropathic component of “mixed pain” has
clinical characteristics similar to those of pure neuropathic
pain.’*” In addition, previous studies have also proved that the
DN4 questionnaire has a high discriminatory power between
neuropathic component pain and nociceptive pain in patients
with mixed pain.'?'® Furthermore, almost all patients have spi-
nal pathologies of neural elements such as nerve compression
in the neuropathic component group, whereas all patients
complained mechanical low back pain in the nociceptive group
(Table 1). This result was consistent with a previous report re-
garding the redefining and grading of neuropathic pain,* sug-
gesting that the lesion of somatosensory system was prerequi-
site for diagnosis of neuropathic pain.

Internal consistency, inter-rater reliability
and test-retest reliability
Table 2 shows the results of internal consistency of the instru-
ment. Our results were slightly higher than that obtained with
the other language versions of the DN4 questionnaire,'"'*'>'¢
underlining the importance of each questionnaire item. It is
highly likely that this was due to the characteristic of partici-
pants of having a single disease entity (i.e., lumbar or lumbar-
radicular pain by degenerative spinal disease), whereas other
previous studies dealt with various neuropathic diseases. How-
ever, when each item was removed, no increases in the total
Cronbach’s a coefficients were found in the present study (Ta-
ble 2). Furthermore, inter-rater agreement was very good, show-
ing the kappa coefficient ranging from 0.823 to 0.946.'

In this study, 40 patients completed the questionnaire twice
with an interval of 2 weeks. Compared with the other language
versions of DN4,"1*16 the ICC (3, 1) of the Korean version of DN4

Table 2. Cronbach’s Alpha to the Items of the Instrument

Cronbach’s Inter-rater
Items alpha-removing reliability—
the item Cohen’s kappa

Burning 0.807 0.879
Painful cold 0.801 0.915
Electric shocks 0.791 0.846
Tingling 0.799 0.916
Pins and needles 0.815 0.908
Numbness 0.799 0.946
[tching 0.814 0.823
Hypoesthesia to touch 0.788 0.878
Hypoesthesia to prick 0.791 0.862
Brushing 0.818 0.913
Total Cronbach'’s alpha score/ 0819 0.840

total Cohen's kappa
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was slightly lower. This is likely due to longer interval, disease
characteristics of the participants, and initiation of medica-
tion during the interval. The longer interval is related to the
deterioration of correlation coefficients.” Furthermore, al-
though degenerative spinal disease has the characteristics of
chronic disease, its symptoms would have episodic and/or
variable clinical manifestation during the natural course of
the disease. In addition, the mediation of NSAIDs or acetamin-
ophen for the assessment interval might relieve or change the
patients’ symptom. Therefore, these would also attribute to
the lower correlation coefficient.

Psychometric properties

Identification of neuropathic components is critical to the
medical treatment of degenerative spinal disease because the
therapeutic approach for these patients should be different
from that for patients with only nociceptive pain.*** The pres-
ent study showed that the Korean version of DN4 has excellent
psychometric properties: we confirmed its high discriminative
ability in patients with neuropathic component pain or noci-
ceptive pain, with an AUC score of 0.953, a sensitivity of 100%
and 87.1%, and a specificity of 88.2% and 94.1% at the cutoff
values of 3/10 and 4/10, respectively. This finding is consistent
with previous studies with other languages,'"'*'® where the cut-
off value for the DN4 questionnaire in most of them was estab-
lished at 4/10. In the Dutch version of the DN4 questionnaire,
5/10 was considered as an ideal cutoff value.'” This disparity
highlights the importance of analyzing the psychometric prop-
erties of the screening questionnaires in different languages, in
addition to the linguistic validations. The present study showed
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Fig. 1. ROC curve and AUC for the total score of the DN4 questionnaire:
the figure shows the cut-off point of optimizing sensitivity and specificity
values for discriminating between nociceptive pain and neuropathic
component pain in patients with degenerative spinal disease. AUC, area
under the curve; ROC, receiver operating characteristics; DN4, Douleur
Neuropathique 4.
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two ideal cutoff values of 3/10 and 4/10. However, in view of the
screening test, the cutoff value of 4/10 would be more ideal than
3/10, thus slightly differing from other validation finding.'*'>¢
These discrepancies may be explained by the differences in
study design. As noted earlier, the present study included only
patients with lumbar or lumbar-radicular pain. These patients
did not present pure neuropathic pain, but rather “mixed pain”
with a neuropathic component. Nonetheless, this study showed
that the discriminatory ability of the Korean version of the DN4
questionnaire cannot be influenced by disease characteristics
such as the mixed nature of pain. This also agrees with previous
studies.'"®

Weakness and strength

First, as previously noted, the current study included patients
with lumbar or lumbar-radicular pain for the validation of the
DN4 questionnaire. This feature is unique to this study. Howev-
er, because there are many kinds of diseases causing neuropath-
ic pain that should be assessed with the validated DN4 ques-
tionnaire, the narrow disease spectrum of the subjects such as
degenerative lumbar disease is the main limitation of this study
in view of generalizability. Furthermore, a recent study has re-
ported redefinition and grading of neuropathic pain.?' Accord-
ing to this grading system,* the patients of the neuropathic
component group in the present study would range from possi-
ble to definite neuropathic pain. Recent studies have consis-
tently emphasized the identification and treatment of neuro-
pathic pain component for the treatment of degenerative spinal
disease.>*? In this perspective, the present study also high-
lights possible or probable neuropathic pain of degenerative
spinal disease. Second, it has not yet been determined whether
the DN4 questionnaire can be used to detect possible or proba-
ble neuropathic pain. However, since this study also demon-
strated the successful implementation of the DN4 question-
naire, it is highly possible that DN4 can be implemented for
discriminating possible or probable neuropathic pain even in
lumbar or lumbar-radicular pain due to degenerative spinal
disease, which is more common in real clinical settings. Further-
more, a previous study has also shown discriminating power
for mixed pain.'” Finally, the gold standard decision of neuro-
pathic pain by only one expert is an another limitation of this
study. Most of the DN4 validation studies have used two experts
to determine whether the pain was neuropathic/nociceptive or
mixed.'s"”

In conclusion, the current study demonstrated the good dis-
criminatory power of the Korean version of DN4 between noci-
ceptive pain and neuropathic component pain in patients with
lumbar or lumbar-radicular pain due to degenerative lumbar
spine disease.
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