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Abstract

Background The Neck Disability Index (NDI) is widely used
as a self-rated disability score in patients with cervical
radiculopathy. The purpose of this study was to evaluate
whether the NDI score correlated with other assessments of
quality of life and mental health in a specific group of patients
with single-level cervical disc disease and corresponding
radiculopathy.

Methods One hundred thirty-six patients were included in a
prospective, randomized controlled clinical multicenter study
on one-level anterior cervical discectomy with arthroplasty
(ACDA) versus one-level anterior cervical discectomy with
fusion (ACDF). The preoperative data were obtained at
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hospital admission 1 to 3 days prior to surgery. The
NDI score was used as the dependent variable and cor-
relation as well as regression analyses were conducted
to assess the relationship with the short form-36,
EuroQol-5Dimension-3 level and Hospital Anxiety and
Depression Scale.

Results The mean age at inclusion was 44.1 years (SD
+7.0, range 26-59 years), of which 46.3 % were male.
Mean NDI score was 48.6 (SD=12.3, minimum 30 and
maximum 88). Simple linear regression analysis demon-
strated a significant correlation between NDI and the
EuroQol-5Dimension-3 level [R=-0.64, 95 % confidence
interval (CI) -30.1—- -19.8, p<0.001] and to a lesser extent
between NDI and the short form-36 physical component
summary [R=-0.49, 95 % CI (-1.10- -0.58), p<0.001]
and the short form-36 mental component summary [R=-
0.25, 95 % CI (-0.47— -0-09), p=0.004]. Regarding NDI
and the Hospital Anxiety and Depression Scale, a signif-
icant correlation for depression was found [R=0.26, 95 %
CI (0.21-1.73), p=0.01]. Multiple linear regression anal-
ysis showed a statistically significant and the strongest
correlation between NDI and the independent variables
in the following order: EuroQol-5Dimension-3 level
[R=-0.64, 95 % CI (-23.5- -7.9), p <0.001], short form-
36 physical component summary [R=-0.41, 95 % CI (-
0.93- -0.23), p=0.001] and short form-36 mental compo-
nent summary [R=-0.36, 95 % CI (-0.53- -0.15), p=
0.0017.

Conclusion The results from the present study show that the
NDI correlated significantly with a different quality of life and
mental health measures among patients with single-level cer-
vical disc disease and corresponding radiculopathy.

Keywords Cervical radiculopathy - Neck Disability Index -
Quality of life - Anxiety - Depression
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Introduction

The Neck Disability Index (NDI) was originally developed to
evaluate activities of daily living among patients with dis-
abling neck pain, especially following whiplash trauma [24],
and is based on the Oswestry Low Back Pain Index (OI) [5].

Although its primary use is in patients with neck pain, the
NDI has been found well suited as an outcome measure in
clinical trials among patients with cervical radiculopathy
[19]. Over the years, it has been widely used as the primary
outcome variable in large prospective, randomized controlled
clinical trials [22, 4, 13, 8, 12]. It has been shown to correlate
well with the Health-Related Quality of Life (HRQoL) ques-
tionnaire Short Form-36 (SF-36) [25, 11, 18] and the
EuroQol-5Dimension-3 Level (EQ-5D-3 L) [1, 2]. However,
correlation analyses between these two questionnaires and the
NDI have been conducted in outpatient settings on patients
with various disorders of the cervical spine and neck.

The present study is the first to explore the relationship
between the NDI and HRQoL questionnaires SF-36 and EQ-
5D-3 L and between the NDI and the Hospital Anxiety and
Depression Scale (HADS) [28] in a specific group of patients
with single-level cervical radiculopathy. The purpose of the
study was to assess whether the NDI score could provide a
broader understanding of the patients' overall health situation
and thus add value to the clinical assessment and selection of
patients for surgery.

Study population

One hundred thirty-six patients were included in a prospec-
tive, randomized controlled clinical multicenter trial on single-
level anterior cervical discectomy with arthroplasty (ACDA)
versus anterior cervical discectomy with fusion (ACDF) [9].
Patients were enrolled at five university hospitals in Norway
during the time period November 2008 to January 2013. De-
mographics, duration of symptoms, length of sick leave, social
status, profession and smoking habits were recorded in addi-
tion to quality of life and mental health questionnaires.

Inclusion criteria were age 25-60 years, clinical C6 or C7
root radiculopathy with corresponding radiological findings
with or without neurological deficits, Neck Disability Index
(NDI)>30 %, and the patient did not respond to nonoperative
treatment and had no sign of improvement during the last
6 weeks prior to surgery.

Exclusion criteria were significant spondylosis in-
volving more than one level, adjacent level ankylosis,
intramedullary changes on magnetic resonance imaging
(MRI), clinical suspicion of myelopathy, chronic gener-
alized pain syndrome, mental illness, infection, active
cancer disease, rheumatoid arthritis involving the cervi-
cal spine, previous trauma involving the cervical spine,
pregnancy, allergy against contents of the cage/artificial
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disc, previous neck surgery, the patient did not under-
stand Norwegian orally or in writing, and abuse of med-
ication/narcotics.

Method

The NDI was used as our primary and dependent variable
regarding preoperative self-rated disability. The NDI ques-
tionnaire is composed of ten items (pain, personal care, lifting,
reading, headache, concentration, work/daily activities, driv-
ing, sleep and recreation). Each item is scored from 0-5.
Scores range from 0 to 100 %, with a lower score indicating
less severe symptoms.

As secondary variables regarding HRQoL we used: (1) the
SF-36 and (2) the EQ-5D-3 L. The SF-36 is a generic health-
related quality of life questionnaire. It measures along eight
dimensions and has been used to assess health status and to
measure the impact of clinical and social interventions. The
baseline SF-36 scores for the eight dimensions: physical func-
tioning (PF), role-physical (RP), bodily pain (BP), general
health GH), vitality (VT), social functioning (SF), role-
emotional (RE), mental health (MH) and the two summary
scales, physical component summary (PCS) and mental com-
ponent summary (MCS), were calculated. Regarding SF-36,
each subscale is scored from 0-100, with higher scores
representing better function. We used the Norwegian (chronic)
version v 2.0.0f the Short Form-36, and for scoring of the ques-
tionnaire, we used QualityMetric Health Outcomes” Scoring
Software 2.0 (QualityMetric Incorporated, Lincoln, RI, USA).

The EQ-5D-3 L utility index is a generic score with five
dimensions: mobility, self-care, activities of daily life, pain
and anxiety/depression. Each dimension has three levels: no
problems, some problems and extreme problems. This gives
243 possible combinations, or health states, revised into an
index ranging from -0.59 to 1.00. Higher scores represent better
health. The 243 possible health states are evaluated against a
normal population using the time trade-off method (TTO). We
used the Norwegian version of EQ-5D-3 L. For conversion to
utilities, we used the UK TTO tariff to calculate the index [23].

The Hospital Anxiety and Depression Scale (HADS) was
used to assess anxiety and depression. This is a 14-item scale
that generates ordinal data. Seven of the scale items relate to
anxiety (HAD-A) and seven to depression (HAD-D). An
HAD-A or HAD-D subscore of 8—10 points is considered a
possible case of anxiety or depression and>11 points a definite
case [28]. The HADS questionnaire was introduced approxi-
mately 1 year after patient enrollment started. Accordingly
only 92 out of 136 patients answered the HADS question-
naire. Demographic and HRQol analyses were performed to
rule out differences between the patients who answered the
questionnaire and those who missed answering it because of
the late introduction.
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Statistics

The patients' NDI scores were defined as the dependent vari-
able and analyzed as continuous data. The independent vari-
ables SF-36, EQ-5D-3 L and HADS were also analyzed as
continuous data. The relationships between the two mental
health variables SF-36 MCS score and HAD-A and HAD-D
were separately analyzed.

Continuous or categorical data are presented as means and
standard deviations (SD) or number and percentages, respec-
tively. A simple linear regression analysis was conducted to
explore the relationship between increasing NDI score and the
SF-36 subscores PF, RP, BP, GH, VT, SF, RE and MH and the
two summary scores PCS and MCS, and between increasing
NDI score and EQ-5D-3 L, HAD-A and HAD-D. Where sta-
tistical significance was found, regression coefficients (Rs)
and confidence intervals (CIs) are specified. The R square
(R?) was calculated to assess how much of the total variation
in the dependent variable could be explained by the indepen-
dent variable. A multiple regression analysis was performed to
explore the relationship between NDI and SF-36 PCS, SF-36
MCS, EQ-5D-3 L, HAD-A and HAD-D. A stepwise multiple
regression analysis was conducted to assess which of our in-
dependent variables best predicted our dependent variable, the
NDI. The relationship between the SF-36 MCS score and
HAD-A and HAD-D was investigated using Pearson
product-moment correlation coefficient. The strength of the
relationship between variables was interpreted as suggested
by Cohen [3].

Comparison of continuous or categorical data between the
patients who answered the HADS questionnaire (included af-
ter the first year of enrolment) and those who did not (included
the first year) were statistically tested with an independent T-
test or Pearson chi-square tests, respectively.

Nonparametric data were analyzed by Mann-Whitney U
test. A p value<0.05 was used as level of significance.

SPSS version 18.0 (IBM Corp., Armonk, NY) was used for
all analysis.

Ethical considerations

The study was approved by the Regional Committee for Med-
ical and Health Research Ethics and the Data Protection Offi-
cial for Research. The study was registered at clinicaltrials.gov
[9]. All patients included in the trial gave their written in-
formed consent to participation.

Results

One hundred thirty-six patients were included in the trial.
Mean age was 44.1 (SD==7.0, range 2659 years), and 63

(46.3 %) study participants were male. Forty-one percent
were smokers (40 % of mlaes and 41 % of females). Forty
percent had higher education defined as college or univer-
sity. Ninety-two percent had Norwegian as their native
language. Fifty-four percent of the patients had
radiculopathy related to cervical disc level C5/C6 and
the remaining to C6/C7. Mean NDI score was 48.6
(SD=12.3, minimum 30 and maximum 88). The patients
(n=136) answered the SF-36 and EQ-5D-3 L question-
naires at inclusion 1-3 days prior to surgery. Ninety-two
patients answered the HADS questionnaire. To assess pos-
sible differences between the patients who had answered
the HADS questionnaire and those who did not, analysis
of demographics and comparison of HRQoL variables
was performed. No statistically significant differences
were found.

First a simple linear regression analysis was performed,
which demonstrated a statistically significant relationship be-
tween an increasing NDI score and decline in the SF-36 sub-
scales PF, RP, BP, VT, SF, RE and MH and the two summary
scales PCS and MCS, and between NDI and EQ-5D-3 L
(Table 1). The strongest correlation was found between NDI
and EQ-5D-3 L [R=-0.64, 95 % CI (-30.1- -19.8), p<0.001],
indicating that a higher NDI is associated with poorer
HRQoL. There was a positive correlation between NDI scores
and HAD-A and HAD-D, but these were only significant for
HAD-D [R=0.26, 95 % CI (0.21-1.73), p=0.01] (Table 1).

Second, a multiple linear regression analysis was used to
assess the ability of the independent variables EQ-5D-3 L, SF-
36 summary scores PCS and MCS and HAD-A and HAD-D
to predict the level of the NDI score. Preliminary analyses

Table 1  Simple linear regression analysis of the relationship between
NDI scores and SF-36, EQ-5D, HAD-A and HAD-D. Where statistical
significance was found, regression coefficients and confidence intervals
are specified

Simple linear regression analysis

SF-36n=137 B (95 % CI) ) R R

PF ~031  (-040--023)  <0.001 —0.53 0279
RP 027  (-036--0.18)  <0.001 —047 0217
BP —0.54  (-0.66—043)  <0.001 —0.64 0404
GH 0136  —0.13 0017
VT 027  (-037-0.16)  <0.001 —039 0.152
SF 023 (-0.30--0.16)  <0.001 —0.50 0.245
RE 007  (-0.13--0.01)  0.033  —0.19 0.034
MH ~0.19  (-0.30—-0.08)  0.001 —028 0.077
PCS -0.84  (-1.10-0.58)  <0.001 —0.49 0.240
MCS 028  (-047--0.09) 0004 —025 0.063
EQ-5Dn=137 2495 (-30.11--19.79) <0.001 —0.64 0415
HAD-Dn=92 097  (0.21-1.73) 0013 026  0.067
HAD-A n=92 0.107 017  0.029

@ Springer



1810

Acta Neurochir (2015) 157:1807-1812

were conducted to ensure no violation of the assumptions of
normality, linearity, multicollinearity and homoscedasticity. A
high correlation between SF-36 MCS and HAD-D (R=-0.7)
resulted in HAD-D being excluded from the multiple regres-
sion analysis to avoid multicollinearity. There was a signifi-
cant positive correlation, most pronounced for EQ-5D-3 L,
intermediate for SF-36 PCS and lowest for SF-36 MCS
(Table 2).

Finally, a stepwise multiple regression analysis was con-
ducted to assess which of our independent variables best pre-
dicted our dependent variable, the NDI. The analysis excluded
HAD-A and explained the variance in NDI (Table 3).

To analyze the relationship between the SF-36 MCS score
and HAD-A and HAD-D, Pearson product moment correla-
tion was used. The results were interpreted as suggested by
Cohen [3] and showed an intermediate negative correlation
for HAD-A [R=-0.45, 95 % CI (-0.61- -0.27), p <0.001]
and a strong negative correlation for HAD-D [R=-0.69,
95 % CI (-0.79— -0.56), p <0.001]. Both analyses reached
statistical significance. A higher MCS score means better met-
al health and is thus associated with lower HAD-A and D
scores, indicating fewer symptoms of anxiety and depression.

Discussion

The present study demonstrates that in patients with single-
level cervical disc disease and corresponding radiculopathy,
the NDI captures patients' HRQoL and mental health. We
found statistically significantly poorer HRQol with increasing
NDI scores for both SF-36 summary scales, PCS and MCS,
and for all SF-36 subscales except for general health (GH).
The strongest correlation was found between NDI and EQ-
5D-3 L.

Aweaker correlation was seen between NDI and symptoms
of depression. Symptoms of anxiety also correlated with in-
creasing NDI, although not statistically significantly. There
was, however, a significant correlation between the mental
component summary of SF-36 and both HAD-A and HAD-D.

Table 2 Multiple linear regression analysis. SF-36 summary scores
PCS and MCS and EQ-5D, HAD-A and HAD-D were included. Where
statistical significance was found, regression coefficients and confidence
intervals are specified

Multiple linear regression

B Beta (95 %CI) R p
EQSD  -1568  —040  (-23.5-79)  —0.64  <0.001
PCS 058 —033  (-093-—023) 041  0.001
MCS 034 032 (-0.53--0.15) 036  0.001
HAD-A 0.15 0.705
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Table 3  Stepwise multiple regression analysis

summary R R? p

1. EQ-5D 0.64 0.41 <0.001
2. MCS 0.66 0.43 <0.001
3.PCS 0.71 0.50 <0.001

R square in block 1 (EQ-5D) explains 41 % of the variance in NDI. R
square in block 2 explains 43 % when including both EQ-5D and MCS
variables and block 3 explains 50 % of the variance in NDI when includ-
ing all three (EQ-5D, MCS and PCS) variables.

The prevalence of cervical radiculopathy has been estimat-
ed at 3.3 cases per 1000 [20] with an average age-adjusted
incidence per year of 0.8 per 1000 [17], and 75-90 % of
patients with cervical radiculopathy will improve with nonop-
erative treatment [17, 21]. Until 1991 no instruments were
available to assess the self-rated disability among these pa-
tients. The NDI provides an opportunity for objective evalua-
tion of the degree of disability both before treatment and as an
outcome measure following treatment. The severity of the
patients’ ailments is related to the NDI score and has been
graded as follows: 0-20 normal, 21-40 mild disability, 41—
60 moderate disability, 61-80 severe and >80 complete/
exaggerated [11].

The preoperative NDI score has proven useful to assess
outcome after surgery in patients with cervical radiculopathy.
A low preoperative score and low current pain on the visual
analog scale (VAS) [26] correlate significantly with low post-
operative disability [16, 15, 14]. A previous study showed that
NDI correlated with current pain intensity, and the patients’
experience of pain was the most important predictor for NDI
outcome following ACDF [14].

In the present study, there was a significant correlation
between NDI and EQ-5D-3 L, which corresponds well with
recently published data [2]. EQ-5D-3 L is easy to administer
and score, and it is increasingly used in the clinical setting.
The NDI is the most commonly used primary outcome assess-
ment of patients with cervical radiculopathy and neck pain,
and the EQ-5D-3 L explained 41 % of the variance in NDI in
our study, which is somewhat lower than recently reported by
Carreon and colleagues [2].

The NDI is well suited for both pre- and postoperative
assessment of patient disability. It has been found to compare
well with the HRQoL questionnaire SF-36 [11, 18], which is
considered the gold standard for health assessment [10, 7, 6].
The SF-36, however, is more complicated to score, and it
takes longer to complete the questionnaire than the NDI.
There was a significant correlation between the NDI and SF-
36, which corresponds well with previous studies by McCar-
thy and colleagues [11] and Grevitt and coworkers [7].

There was also a significant correlation between increasing
NDI and higher HAD-D scores in the present study. Based on
our results, it seems that NDI captures the patients’ level of
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depression, but not anxiety. Anxiety, however, is partly cap-
tured by the SF-36 MCS score and correlates with HAD-A.
The present results correspond with a previous study [27]
demonstrating that symptoms of depression, using the Modi-
fied Self-rating Depression Scale Zung questionnaire [29],
were significantly associated with NDI scores in patients with
cervical radiculopathy.

Strengths of our study

Previous studies have assessed the correlation between NDI
and HRQoL among patients with a variety of disorders of the
cervical spine. However, to the best of our knowledge, no
studies have focused on the correlation between NDI and
HRQoL and NDI and mental health in patients with single-
level cervical radiculopathy scheduled for surgery. This is also
the first study to demonstrate the relationship between the
mental component score of SF-36 and HAD-A and HAD-D
among patients with single-level cervical disc disease.

Limitations

Somewhat few patients preclude firm conclusions about the
study results. Former mental disorder that made the patient
unsuitable for participation in the study was one of the exclu-
sion criteria. Mental disorder could have been emphasized more
specifically since the phrase “unsuitable for participation” gives
the interviewer an opportunity for a broad interpretation of what
is not a suitable affliction. Thus, some patients may have had
symptoms of anxiety and/or depression regardless of their cer-
vical radiculopathy and self-rated disability.

The questionnaires were answered 1 to 3 days prior to
surgery, and anxiety about the operation itself may have influ-
enced the responses among some of the patients. The HADS
questionnaire was introduced approximately 1 year after pa-
tient enrollment started as additional outcome variable. Thus,
only 92 out of 136 included patients answered this
questionnaire.

Conclusion

In conclusion, our study demonstrates that a higher NDI score
significantly correlates with poorer quality of life and increas-
ing symptoms of depression in patients with single-level cer-
vical radiculopathy. In addition to providing a number for the
severity of neck and arm pain, the NDI also provides infor-
mation about the patients overall health status.
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