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Abstract Prospective single cohort study. To evaluate

the NDI by comparison with the SF36 health Survey

Questionnaire. The NDI is a simple ten-item questionnaire

used to assess patients with neck pain. The SF36 measures

functional ability, well being and the overall health of

patients. It is used as a gold standard in health economics

to assess the health utility, gain and economic impact of

medical interventions. One hundred and sixty patients with

neck pain attending the spinal clinic completed self-

assessment questionnaires. A second questionnaire was

completed in 34 patients after a period of 1–2 weeks. The

internal consistency of the NDI and SF36 was calculated

using Cronbach’s alpha. The test–retest reliability was

assessed using the Bland and Altman method. The con-

current validity of the NDI with respect to the SF-36 was

assessed using Pearson correlations. Both questionnaires

showed robust internal consistency: Cronbach’s alpha for

the NDI scale was acceptable (0.864, 95% confidence

limits 0.825–0.894) though slightly smaller than that of the

SF36. The correlations between each item of the NDI

scores and the total NDI score ranged from 0.447 to 0.659,

(all with P \ 0.001). The test–retest reliability of the NDI

was high (intra-class correlation 0.93, 95% confidence

limits 0.86–0.97) and comparable with the best values

found for SF36. The correlations between NDI and SF36

domains ranged from –0.45 to –0.74 (all with P \ 0.001).

We have shown that the NDI has good reliability and

validity and that it compares well with the SF36 in the

spinal surgery out patient setting.
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Introduction

Neck pain is a common and important problem. In one

study, 34% from a sample of 10,000 adults in the popu-

lation experienced neck pain in the previous year [4]. In

another, 43% of the normal population reported neck pain

and in one third of these the duration was greater than

6 months [10]. It has been postulated that neck pain may

cause as many days lost from work as low back pain [24].

In the Netherlands, the total estimated costs of neck pain

are £437million per year [17].

Self-assessment questionnaires can be powerful instru-

ments in assessing the outcome of medical management

and interventions. To do this, amongst other things, they

need to be both valid and reliable. Validity indicates that

the questionnaire primarily measures what it is intended to

measure. Reliability indicates that it is measuring some-

thing in a consistent and reproducible way [19, 20].

The Neck disability index (NDI) is a condition specific

disability measure. It was devised in an outpatient physio-

therapy department by Vernon and Mior in 1991 and is

based on the Oswestry disability index (the reader is

referred to Hains et al. and Vernon and Mior for examples

of the questionnaire) [6, 7, 11, 22]. The questionnaire was
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devised and validated in English. It consists of ten questions

each with six answers (scoring 0–5 points). The sum of the

scores obtained is doubled to give a percentage score out of

100 (0–20 normal, 21–40 mild disability, 41–60 moderate,

61–80 severe and 80+ complete/exaggerated). It is simple

and takes around 5 min to complete and score. Internal

consistency was measured using the Cronbach’s alpha sta-

tistic on 52 patients with neck pain [22]. Test–retest

reliability was assessed using correlations on 17 patients

with whiplash who repeated the questionnaire after a 2-day

interval [22]. The construct validity was gauged using fre-

quency histograms for the scores and the concurrent validity

was assessed by correlating the NDI with the McGill pain

questionnaire in 30 patients. This was done in a similar way

to the technique used by Fairbank et al. [6, 7, 22].

There have been several studies which have looked at the

reliability of the NDI [1, 5, 11–13, 16, 20–23]. However, the

majority of these were performed either in physiotherapy

departments or on patients with whiplash-associated disor-

ders. To our knowledge the NDI has not been validated in

the spinal surgery out-patient setting where patients may

exhibit a different spectrum and severity of disease.

The primary aim of this study was to validate the NDI in

the spinal surgery out-patient setting (to include all causes

of neck pain), in particular by comparison with the Short

Form 36 Health Survey Questionnaire (SF36). The SF36 is

considered the gold standard generic health assessment tool

being both valid and reliable and having been vigorously

tested [8, 9, 14, 15]. However, unlike the NDI the SF36

covers emotional and social functioning which is an

important aspect of neck disease. A secondary aim was to

evaluate a visual analogue score (VAS) in the same patient

population. The VAS is a simple and common tool used in

assessing pain, but lacks formal evaluation.

Methods

All patients attending the Spinal Out-Patients Department

at Queen’s Medical Centre (Nottingham, UK) complete our

standard neck pain assessment form (in English). The

Spinal Surgery Department at the Queen’s Medical Centre

is a tertiary referral centre and serves a population of 2

million. The diagnoses of patients attending the Out Patient

Department with neck pain is 85% degenerate (of which

40% axial neck pain, 50% associated radiculopathy and

10% whiplash associated disorders), 10% post-trauma and

5% others (tumours, infection and inflammatory).

Over a 4-month period, the following data was analysed:

age, sex, VAS, NDI and SF36. Only responses from patients

with fully completed forms were used. During the study

period the nursing staff in clinic ensured all forms were

completed. Forty patients were asked to complete and

return a second postal questionnaire within 1–2 weeks [1,

18, 23]. These were posted to them after their initial clinic

appointment. This number was chosen for pragmatic rea-

sons, being a one-month period out of the four-month study.

A postal questionnaire was used on grounds of cost and

convenience.

The study was registered with the hospital audit

department. Ethics committee approval was not required as

there was no variation from normal practice.

The internal consistency of each questionnaire was

assessed using Cronbach’s alpha. We also assessed the

correlations of the individual item scores to the total score

excluding that of item under consideration so as not to

artificially inflate the correlation. We do not believe pre-

vious studies carried out this correction [1, 11, 13, 22].

Acceptable levels of internal consistency are indicated by a

Cronbach’s alpha above 0.7 [3].

Construct validity was gauged by comparing mean

scores for each NDI item with results presented in other

studies. Concurrent validity between the questionnaires

was assessed using Pearson correlation between NDI score,

VAS score and SF36 domains.

The test–retest reliability of each questionnaire was

assessed by Bland and Altman Plots [2]. A Bland and Alt-

man Plot illustrates the spread of the difference in scores

between the test and retest examination for each individual.

One should expect 95% of the differences to be less than two

standard deviations (this is the definition of a repeatability

coefficient adopted by the British Standards Institution).

Intra-class correlations were also estimated on the patients

who repeated the questionnaire in order to roughly

compare our results to other studies (exact methodology

between studies varies).

Results

One hundred and sixty questionnaires were completed in

full. There were ten incomplete questionnaires (the patients

could not answer question 8—see Discussion). The mean

age of respondents was 51.2 years (range 14–93 years).

There were 64 males (40%) and 96 females (60%). Thirty-

four of the forty patients (80%) completed and returned the

second questionnaire within 2 weeks. The average NDI in

our study was 46%. Figure 1 shows the distribution of the

NDI scores. The distribution of scores in our sample was

approximately normal with mean 45.8 and standard devi-

ation 18.43. Table 1 compares the NDI mean item scores

with those quoted in other studies. There was no statisti-

cally significant difference between the sexes for the mean

NDI, SF36 and VAS scores (Table 2). Age did not influ-

ence the NDI and VAS scores. Age was negatively

associated with the Physical Functioning, Role Physical,

2112 Eur Spine J (2007) 16:2111–2117

123



Energy, General Health and Social domains of the SF36

(P \ 0.05, Table 3).

Cronbach’s alpha for both the SF36 and NDI scales

showed good internal consistency, respective values being

0.878 (se = 0.014, 95% CI = 0.843–0.906) and 0.864

(se = 0.017, 95% CI = 0.825–0.894). Pearson correlations

between the individual NDI item scores and the total ranged

from 0.45 to 0.66, all with P \ 0.001 (see Table 4). No item

dominated with an especially high correlation and no item

appeared redundant by virtue of a negligible correlation.

For concurrent validity of the NDI with respect to the

SF36, Table 5 shows that all domains of the SF36 were at

least moderately correlated with the NDI. The eight

domains of the SF36 can be summarized into physical and

mental component scores. This is done by averaging the

scores in the relevant four domains. These were then cor-

related with the NDI to permit comparison with previous

studies (Table 5). Correlations between SF36 domains and

the VAS are shown in Table 6, and these were consistently

smaller in magnitude than those for the NDI, being at most

only moderate.

Figure 2a–d display Bland–Altman plots. The middle

reference line is the mean difference in NDI scores

between the two occasions. The outer reference lines are

the 95% reference limits of agreement (equal to two stan-

dard deviations around the total score difference). There is

a small, negative trend in the mean difference—the higher

the initial score the higher the second test score seems to

be—but this result was not statistically significant and the

spread of values also appears constant. Both the point

estimates and lower 95% confidence limits for the test

retest intra-class correlation coefficients are high, also

indicating good reproducibility (Table 7).

Discussion

Our study has shown that the NDI is valid and reliable in

spinal surgery patients and is comparable with the SF36. The

male to female ratio in our study is similar to that in other

studies [1, 10–13, 22]. The average age of patients in pre-

vious studies ranges from 32 to 46 years and the average NDI

from 30 to 41% [1, 5, 11–13, 21, 22]. These studies were

carried out in physiotherapy and chiropractic clinics. In our

study the average age was 51 years and the average NDI was

46%. It would seem that our population is older and reflects

one with a more severe spectrum of neck disease. As one

might expect, an increasing age correlated with worsening

scores in several domains of the SF36 (as shwon in Table 3).

Table 1 shows a comparison of published data for the

mean item scores [11, 13, 22]. Of note, our study demon-

strates a higher mean item score across all domains except

headaches. This seems to score higher, and perhaps be

more common, in chiropractic, physiotherapy and whiplash

associated disorder groups.

The justification for assessing Cronbach’s alpha for the

SF-36 in our sample, rather than using ‘‘known published’’

values, is that conceivably the SF36 might not perform so

well in our patients. By re-estimating the SF-36 alpha, we

have reassured ourselves that the SF-36 is behaving itself in

our sample, and thus calibrates the NDI result as it were.

Vernon and Mior [22] quote Cronbach’s alpha for the NDI of

0.8 and Hains et al. [11] found one of 0.92 (in physiotherapy

and chiropractic out patients respectively). In the spinal

surgery patient population our study also shows that the NDI

has good internal consistency (alpha 0.864). The correlations

of the individual item scores to the total are similar to, albeit

slightly lower than, those published by Hains et al. [11]

(Table 4). Possible reasons are sampling error, the inclusion

of the item in the total score by Hains et al. or a different

spectrum of disease in the two study populations.

All eight SF-36 domains were at least moderately cor-

related with the NDI—not just the physical and mental

components. Our values were slightly lower than in the

other two studies possibly reflecting the different patient

population (spinal surgery versus physiotherapy or chiro-

practic out patients) [12, 21] (Table 5).

Our response rate for the test–retest analysis was good

(80%), although it would have been preferable to choose a

random sample of patients. Previous studies have shown that

there is little difference in the test-retest interval of 2 days

versus 2 weeks [18]. It is becoming accepted that test–retest

reliability is best described by the Bland and Altman method

[2, 19]. The standard deviation (SD) of the difference

NDI
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between the first and second measurements for the NDI was

8.87 and this was deemed small compared with the baseline

value (the mean of repeated NDI scores). The minimum

clinically important difference (MCID) is the change in

score that represents a true clinical change. This has recently

been estimated to be around ten points for the NDI12. For the

Oswestry disability index it is also generally agreed to be

around ten points with studies quoting a significant change

being of between 5 and 16 points [19]. The standard devi-

ation (SD) of the difference between the first and second

measurements for the NDI in our study was 8.87. Hence, the

MCID corresponds to 10/8.87 = 1.13 standard deviations.

Plus or minus 1.13 standard deviations would cover 74% of

a normally-distributed population. Therefore, 26% will lie

outside this—i.e. will have experienced a clinically signi-

ficant change between measurements. While our test–retest

reliability would seem reasonable on the basis of the SD of

the change being relatively small compared to the baseline

(and a high intraclass correlation), nevertheless 26% of the

patients may have experienced a clinically significant dif-

ference between testing. There are several possible

explanations for this—(1) the disease and its evolution; (2)

our methodology—(a) the timing of the questionnaire and

the effects of the clinic consultation, (b) the attention paid by

the patient when answering the questionnaire (at home vs. in

the out patients clinic), (c) the mixture of patients (different

diagnoses), (d) the number of patients studied; and (3) the

questionnaire itself—is it an adequate instrument to assess

neck conditions?

Table 1 A comparison of the

mean item scores for the NDI

(SD where available) [11, 13,

22]

*Physiotherapy Out Patient

Department, **patients with

whiplash associated disorders,

***Chiropractic Out Patient

Department

Study NDI item Present study

(n = 160)

Vernon and Mior

*(n = 44)

Hoving

et al.**(n = 71)

Hains et al.

***(n = 237)

1. Pain intensity 2.2 (1.0) 1.7 2.7 (1.0) 1.8 (1.2)

2. Personal care 1.4 (1.2) 0.75 0.7 (0.8) 0.6 (0.9)

3. Lifting 2.9 (1.5) 2.2 2.5 (1.4) 2.1 (1.6)

4. Reading 2.3 (1.2) 2.1 2.3 (1.3) 2.0 (1.3)

5. Headaches 2.0 (1.7) 2.6 2.1 (1.5) 2.2 (1.5)

6. Concentration 1.3 (1.2) 1.1 1.4 (1.1) 1.3 (1.2)

7. Work 2.6 (1.4) 1.5 2.2 (1.3) 1.6 (1.6)

8. Driving 2.6 (1.6) 2.0 2.0 (1.3) 2.0 (1.3)

9. Sleeping 2.6 (1.4) 1.4 2.0 (1.5) 1.9 (1.4)

10. Recreation 3.0 (1.5) 2.2 2.5 (1.4) 2.1 (1.5)

Table 2 NDI, SF36 and VAS

scores between the sexes
Sex Male Female

Score Mean 95% CI Mean 95% CI

NDI 44.9 40.4 to 49.5 47.3 43.5–51.1

VAS 5.8 5.2 to 6.5 5.4 4.9–6.0

SF36 Physical 47.1 40.5 to 53.7 42.3 35.8–48.8

SF36 Role Physical 18.8 11.2 to 26.3 17.7 10.6–24.9

SF36 Pain 33.4 27.5 to 39.2 34.5 29.2–39.8

SF36 General Health 46.2 40.0 to 52.3 45.9 40.7–51.2

SF36 Energy 33.0 27.0 to 39.0 34.8 30.1–39.5

SF36 Social 46.3 38.7 to 53.8 48.7 42.3–55.1

SF36 Role Mental 52.8 41.0 to 64.6 46.1 36.3–55.9

SF36 Mental Health 58.2 52.4 to 64.0 61.0 56.9–65.1

Table 3 Influence of age on NDI, SF36 and VAS scores

Score Regression

coefficient (B)

95% CI (B) P value

NDI 0.065 –0.077 to 0.207 0.365

VAS –0.570 –1.65 to 0.513 0.300

SF36 Physical –0.238 –0.322 to –0.154 \0.001

SF36 Role Physical –0.146 –0.224 to –0.067 \0.001

SF36 Pain –0.061 –0.172 to 0.051 0.284

SF36 General Health –0.148 –0.256 to –0.040 0.008

SF36 Energy –0.130 –0.246 to –0.015 0.027

SF36 Social –0.125 –0.213 to –0.038 0.005

SF36 Role Mental –0.040 –0.098 to 0.017 0.166

SF36 Mental Health 0.053 –0.075 to 0.180 0.419
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Recently, Vos et al. [23] studied the reliability and

validity of the NDI in Dutch patients with acute neck pain

in the general practice setting. They performed Bland and

Altman plots which showed limits of agreement ranging

from –7.4 to +7.92. However, they scored the NDI out of

50 (not 100) and therefore our values are roughly the same

(if doubled). Their mean NDI score was 28% and this may

well reflect the different populations being studied. They

found the intra-class correlation coefficients (ICC) in 42

patients after a 1-week interval to be 0.9 (95% CI 0.82–

0.95). This is similar to our finding (see Table 7). Cleland

et al. [5] found the ICC to be 0.68 (95% CI 0.3–0.9),

however, they only included 17 patients.

Question 8 in the NDI focuses on the ability to drive. In

patients who cannot drive (i.e. have never been able to do

so) this question becomes redundant. A previous study

computed average values for this question based on the

other nine question responses [11]. Scores for incomplete

Oswestry disability index questionnaires in which there are

missing question responses have been tabulated and are

acceptable [7]. For simplicity, our study only included

complete questionnaires.

Table 4 Pearson correlation

values of individual item scores

to the total NDI [11]

*Chiropractic Out Patient

Department

Study Present study Hains et al.*

NDI item Item total

correlations

(r) (n = 160)

95% CI P value Item total

correlations (r)

(n = 237)

1. Pain intensity 0.53 0.41–0.63 \0.001 0.70

2. Personal care 0.60 0.49–0.69 \0.001 0.68

3. Lifting 0.49 0.36–0.60 \0.001 0.75

4. Reading 0.64 0.54–0.72 \0.001 0.77

5. Headaches 0.45 0.31–0.56 \0.001 0.64

6. Concentration 0.53 0.41–0.63 \0.001 0.76

7. Work 0.59 0.47–0.68 \0.001 0.87

8. Driving 0.61 0.50–0.70 \0.001 0.87

9. Sleeping 0.61 0.51–0.70 \0.001 0.76

10. Recreation 0.66 0.56– 0.74 \0.001 0.83

Table 5 Correlation values between the NDI and domains of the SF36 [12, 21]

NDI (r value) Present study

* (n = 160)

95% CI Present study

(n = 160)

Riddle and Stratford

(n = 146)

Herman et al.

(n = 80)*SF 36 domain

Physical –0.57 –0.67 to –0.46 –0.74 –0.53 –0.67

Role Physical –0.53 –0.63 to –0.41

Pain –0.74 –0.80 to –0.66

General Health –0.47 –0.58 to –0.34

Energy –0.63 –0.72 to –0.53 –0.68 –0.47 –0.39

Social –0.66 –0.74 to –0.56

Role Mental –0.45 –0.57 to –0.32

Mental Health –0.51 –0.62 to –0.39

Individual domains and then the physical and mental components are shown

* All P \ 0.001

** The present study and Riddle and Stratford used Pearson Correlation whereas Herman et al. used Spearman Rank Correlation

Table 6 Correlation values between the VAS and the NDI and SF36

r value 95% CI P value

NDI 0.50 0.37 to 0.61 0.000

SF36 Physical –0.11 –0.26 to 0.04 0.18 NS

SF36 Role Physical –0.28 –0.41 to –0.13 0.001

SF36 Pain –0.51 –0.61 to –0.38 0.000

SF36 General Health –0.20 –0.34 to –0.05 0.016

SF36 Energy –0.33 –0.47 to –0.19 0.000

SF36 Social –0.33 –0.46 to –0.18 0.000

SF36 Role Mental –0.25 –0.39 to –0.09 0.003

SF36 Mental Health –0.31 –0.45 to –0.17 0.000
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When we designed this study we specifically set out to

include all patients attending the spinal out-patients clinic

with neck pain. We did not want to investigate specific

causes of neck pain (e.g. whiplash associated disorders,

trauma, tumour, etc.) because we needed to ascertain whe-

ther the questionnaire would be useful for all of our patients.

In our hospital, on arrival to clinic and before seeing a doctor,

the patient completes the questionnaire; it is scored and then

used as an adjunct in the clinical assessment. It is conceivable

that the NDI may not be a satisfactory tool in some neck

pathologies. In addition we have not looked at the respon-

siveness to clinical change of the NDI (mentioned above)

and any floor and ceiling effects of the NDI.

Conclusions

This study was performed to benchmark the NDI versus the

SF36 in the spinal surgery out-patient setting. We have

shown that the NDI has good reliability and validity and

that it stands up well to the SF36. In agreement with a

previous study, there is no need to do both [21]. The NDI is

shorter, quicker to answer and easier to score.
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