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Psychometric properties of the
Numeric Pain Rating Scale and
Neck Disability Index in patients
with cervicogenic headache

Ian A Young1,2 , James Dunning2,3, Raymond Butts2,

Joshua A Cleland4 and César Fernández-de-las-Peñas3

Abstract

Background: Self-reported disability and pain intensity are commonly used outcomes in patients with cervicogenic

headaches. However, there is a paucity of psychometric evidence to support the use of these self-report outcomes for
individuals treated with cervicogenic headaches. Therefore, it is unknown if these measures are reliable, responsive, or

result in meaningful clinically important changes in this patient population.

Methods: A secondary analysis of a randomized clinical trial (n¼ 110) examining the effects of spinal manipulative

therapy with and without exercise in patients with cervicogenic headaches. Reliability, construct validity, responsiveness

and thresholds for minimal detectable change and clinically important difference values were calculated for the Neck

Disability Index and Numeric Pain Rating Scale.

Results: The Neck Disability Index exhibited excellent reliability (ICC¼ 0.92; [95 % CI: 0.46–0.97]), while the Numeric

Pain Rating Scale exhibited moderate reliability (ICC¼ 0.72; [95 % CI: 0.08–0.90]) in the short term. Both instruments
also exhibited adequate responsiveness (area under the curve; range¼ 0.78–0.93) and construct validity (p< 0.001) in

this headache population.

Conclusions: Both instruments seem well suited as short-term self-report measures for patients with cervicogenic

headaches. Clinicians and researchers should expect at least a 2.5-point reduction on the numeric pain rating scale

and a 5.5-point reduction on the neck disability index after 4 weeks of intervention to be considered clinically

meaningful.
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Introduction

Patients with disorders of the cervical spine may present

with a multitude of symptoms including neck pain,

upper extremity referred/radicular symptoms and or

cervicogenic headaches (CeH). Each of these presenta-

tions is unique and requires specific evaluation, and

treatment procedures. Furthermore, each patient pres-

entation will likely respond differently to the rehabili-

tation process depending on the clinical presentation.

In light of this, it is imperative to have reliable, valid,

and responsive condition specific self-report outcomes

to guide clinical decision-making and for use in

research on each patient population. For example, the

threshold for minimum clinically important change

(MCID) of the Neck Disability Index (NDI) (1) or the

Numeric Pain Rating Scale (NPRS) (2) in patients

with symptoms of cervical radiculopathy (NDI¼ 8.5

points; NPRS¼ 2.2 points) (3,4) can not be applied to
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those with neck pain (NDI¼ 5 points; NPRS¼ 1.3

points) (3).

The psychometric properties of the NDI and NPRS

have been established and are considered reliable, valid

and responsive self-report outcomes for patients with

neck pain and cervical radiculopathy (3–5). Although

self-reported disability and pain intensity are com-

monly used outcome measures in patients with CeH,

there is a paucity of psychometric evidence in this

patient population to support the use of these self-

report outcomes. Although some form of the NPRS

or the visual analogue scale (VAS) for headache inten-

sity is commonly used in clinical trials for individuals

with CeH (6–11), inconsistencies exist in the use of a

common standardized disability measure across studies.

Only three quality clinical trials have assessed disability

in adults with CeH, each using a different standardized

outcome measure. Hass et al. (6) used the modified Von

Korff (12); Jull et al. (9) used the Northwick Park Neck

Pain Questionnaire (13) and Dunning et al. (10) used the

NDI (1). Regardless, the psychometric properties of

these pain and disability outcome measures have not

yet been established in patients with CeH. Therefore, it

remains unknown if these measures are reliable and

responsive, and/or are able to capture clinically import-

ant improvement after a treatment intervention in this

headache population.

In a recent randomized clinical trial, Dunning et al.

(10) used psychometric data on NPRS and NDI devel-

oped from patients with neck pain to estimate MCID

values in patients with CeH (10). Although these head-

aches likely arise primarily from a cervical spine

derangement (boney, joint, disc, or soft tissue) (14),

the characteristics of pain, function and disability

before and after treatment may be quite different than

those of patients with a primary complaint of neck pain

rather than headache. Approximation of psychometric

data from patients with neck pain to patients with CeH

may pose a threat to the results reported by clinical

trials relative to a population with CeH. Determining

accurate condition specific psychometric properties

of pain and disability is of paramount importance in

clinical research and in every day clinical practice.

Therefore, the purpose of this study was to examine

the psychometric properties (reliability, construct valid-

ity and responsiveness) of the NPRS and NDI in a

cohort of patients with CeH.

Methods

This study is a secondary analysis of a large multicenter

randomized clinical trial (10) that investigated the

effects of two different physical therapy interventions

in 110 consecutive patients with CeH. In the original

trial, patients were randomized to receive both cervical

and thoracic manipulation (n¼ 58) or mobilization

and exercise (n¼ 52) (10). Consecutive patients with

CeH were recruited over a 29-month period (from

April 2012 to August 2014). For patients to be eligible,

they had to present with a diagnosis of CeH according

to the revised diagnostic criteria (15) developed by the

Cervicogenic Headache International Study Group

(CHISG) (15–17). CeH was classified according to

the ‘‘major criteria’’ (not including confirmatory evi-

dence by diagnostic anesthetic blockades) and ‘‘head

pain characteristics’’ of the CHISG. The inclusion

and exclusion criteria are previously described in

detail (10). The NDI (1) and NPRS (2) were collected

in all patients at baseline, 1 week, 4 weeks, and 3

months. Perceived recovery using the Global Rating

of Change Scale (GROC) (18) was collected in all

patients at all follow-up points. In order to investigate

the psychometric properties of all outcome measures,

both the manipulation group and mobilizationþ exer-

cise group completing the clinical trial were collapsed

into a single cohort for this secondary analysis.

Outcome measures

The NDI is the most widely used instrument for assess-

ing self-rated disability in patients with neck pain

(5,19). The NDI is a self-report questionnaire with

10 items: Pain intensity, personal care, lifting, work,

headaches, concentration, sleeping, driving, reading

and recreation. The response to each item is rated on

a six-point scale from 0 (no disability) to 5 (complete

disability). The numeric responses for each item are

summed for a total score ranging between 0 and 50;

however, some evaluators have chosen to multiply the

raw score by 2 and then report the NDI on a 0–100%

scale (19). Higher scores represent increased levels of

related disability.

The NPRS was used to capture the patient’s level

of pain (headache intensity). Patients were asked to

indicate the intensity of their current pain level using

an 11-point scale, ranging from 0 (no pain) to 10 (worst

pain imaginable) (2). The minimal detectable change

(MDC) ranges from 2.1 to 4.3, whereas the MCID

ranges from 1.3 to 4.5 points change in patients with

neck pain with or without radiculopathy (3,20)

Reliability (ICC) of the NPRS in patients with neck

pain has been reported to be 0.76 (3).

Patients also completed a 15-point Global Rating of

Change (GROC) scale described by Jaeschke et al. (18)

to rate their own perception of improved function. The

scale ranges from �7 (a very great deal worse) to 0

(about the same) to þ7 (a very great deal better). The

MCID for the GROC has not been specifically

reported, but scores of þ4 and þ5 have typically been

indicative of moderate changes in patient status (18).
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Scores of þ3, þ4 and þ5 are commonly used to identify

improved versus stable patients.

Data analysis

We categorized patients into four non-mutually

exclusive groups at each follow-up time point

(1 week, 4 weeks, 3 months) on the basis of their

GROC scores: (a) those scoring from �2 to þ2 were

considered clinically ‘‘stable’’ (minimal to no change);

(b) those scoring �þ3 ‘‘somewhat better’’, (3)

those scoring �þ4 ‘‘moderately better’’, and those

scoring �5, ‘‘quite a bit better’’. Patient variables

for the improved (GROC�þ3 points) and stable

(GROC��2 to�þ2) groups were compared at base-

line using independent t-tests for continuous data and

chi-square tests for categorical data. Patients could be

classified into more than one group, as these different

groups were used for one or more analyses of reliabil-

ity, validity, and responsiveness. Our main analysis

focused on patients who were ‘‘stable’’ and those who

reported being ‘‘somewhat better’’ at the 4-week follow-

up, whereas the groups reporting ‘‘moderately’’ or

‘‘quite a bit better’’ at 1 week and 3 months were

used for comparative analysis. Although treatment dur-

ation varies across clinical trials on CeH, the 4-week

follow-up data was used in our main analysis, as this

seems to be a more common time frame used in daily

clinical practice.

Test-retest reliability was examined for the NDI and

NPRS using patients who underwent little to no

change. Reliability coefficients for the NDI and

NPRS were calculated for the two groups of patients

who were classified as ‘‘stable’’ by comparing scores at

the initial examination with those at the 1-week,

4-week, and 3-month re-evaluation. The ICC was cal-

culated and rated according to procedures described

by Shrout and Fleiss (21). Values< 0.10 indicate no

agreement, while values between 0.11–0.40, 0.41–0.60,

0.61–0.80 and> 0.81 denote slight, fair, moderate and

excellent agreement, respectively.

Construct validity of the NDI and NPRS was exam-

ined by comparing the change in outcome scores for

the ‘‘stable’’, ‘‘somewhat better’’, ‘‘moderately better’’,

and ‘‘quite a bit better’’ groups using separate, two-way

analyses of variance for the repeated measures at base-

line and reevaluation. We hypothesized that ‘‘stable’’

patients in each group would have NDI and NPRS

intake values that did not change, whereas patients

classified in the improved categories would demonstrate

a significant change in values. This would be repre-

sented by a significant group� time interaction.

Responsiveness – the ability of a measure to recog-

nize change when change has occurred – of the NDI

and NPRS was assessed using the ‘‘stable,’’ and

the three individual groups of improved patients

(GROC �þ3,�þ4, and �þ5) at each follow-up

point. Receiver operator characteristic (ROC) curves

(22) were constructed by plotting sensitivity values

(true-positive rate) on the y axis and 1-specificity

values (false-positive rate) on the x axis for each level

of change score. Separate ROC curves were constructed

for the NDI and NPRS. The area under the curve

(AUC) and the 95% CI were obtained as a method

for determining the ability of each measure to distin-

guish improved patients from stable patients in each

category. An AUC of 0.50 indicates that the measure

has no diagnostic accuracy beyond chance, whereas a

value of 1 suggests perfect accuracy (22). MCID, the

smallest difference that patients perceive as beneficial,

was calculated by identifying the point on the ROC

curve nearest to the upper left-hand corner, which is

considered to be the best cutoff score for distinguishing

improved and stable patients (22). Sensitivity and spe-

cificity values for the selected cutoff scores were also

calculated.

MDC, the amount of change that must be observed

before the change can be considered to have exceeded

measurement error, was calculated by determining the

standard error of measurement (SEM) for the NDI and

NPRS for the stable group (23). The SEM was esti-

mated using the formula (SD/square root of 2), where

SD is the standard deviation of the change scores

between the test and retest values. The SEM was multi-

plied by 1.65 to determine the 90% CI (MDC90) (24).

This value was multiplied by the square root of 2 to

account for the errors taken with repeated measure-

ments (24).

Results

One hundred and ten patients (35.2 years; SD¼ 11.5)

satisfied the inclusion and exclusion criteria, completed

the study, and were included in data analysis. Baseline

characteristics are located in Table 1. The mean GROC

score for all patients included in the analysis at the

4-week follow-up was þ4.3 (SD¼ 2.1). The mean

GROC score for the improved vs. stable groups was

þ5.2 (SD¼ 1.3) and þ1.0 (SD¼ 0.91), respectively.

At the 4-week follow-up 86 (78.2%) patients were clas-

sified as improved, and 24 (21.8%) remained stable.

There was a significant difference (p< 0.001) in mean

change scores between stable and improved patients,

for the NDI and NPRS, at the 1-week, 4-week, and

3-month follow-up (Table 1).

The ICC values SEM and MDC calculated from the

stable patients at all follow-up points are reported in

Table 2. At the 4-week follow-up, the NDI exhibited

excellent reliability (ICC: 0.92, 95%CI: 0.46–0.97),

while the NPRS exhibited moderate reliability

Young et al. 3



(ICC: 0.72, 95%CI: 0.08–0.90) in the patients con-

sidered stable. At 4 weeks, the MDC for the NDI was

5.9 and the MDC for the NPRS was 2.4.

The responsiveness (AUC) for the NDI and NPRS

for all improved categories, and at each follow-up point

is reported in Table 3. Regardless of time frame and

improvement category, the NDI and NPRS demon-

strated acceptable responsiveness (AUC range¼

0.78–0.93). The MCID threshold and the sensitivity/

specificity associated with each cutoff score are also

located in Table 3. At 4 weeks, the MCID for

the NDI was 5.5 (‘‘somewhat better’’ category), 6.5

(‘‘moderately better’’ category), and 7.5 (‘‘quite a

bit better’’ category), while the MCID for the

NPRS was 2.5 (‘‘somewhat better’’ category), 2.5

(‘‘moderately better’’ category), and 3.5 (‘‘quite a bit

better’’ category).

Discussion

To date, this is the first study to examine the psycho-

metric properties of commonly used self-report out-

come measures in patients with CeH. All outcome

measures at all time points exhibited proper construct

validity (Table 1). All outcomes analyzed in this cohort

of patients with CeH demonstrated acceptable reliabil-

ity at the 1-week and 4-week follow-up (Table 2); at the

3-month follow-up, the NDI demonstrated excellent

Table 1. Difference between change scores from baseline on self-report outcomes over time.

Measure

Improved

(GROC� 3)

Stable

(GROC;��2 to�þ2)

Mean difference in

change scores (95% CI) P

NDI (SD)

Baseline

1 week 6.4 (4.8) 1.8 (3.2) 4.6 (3.0–6.3) P< 0.0001

4 weeks 10.5 (6.4) 3.5 (3.6) 7.0 (4.3–9.6) P< 0.0001

3 months 11.0 (7.1) 2.2 (2.7) 8.8 (5.7–11.7) P< 0.0001

NPRS (SD)

Baseline

1 week 2.8 (2.6) 1.2 (1.6) 1.5 (0.6–2.4) P< 0.001

4 weeks 4.0 (2.3) 1.3 (1.5) 2.7 (1.7–3.6) P< 0.0001

3 months 4.1 (2.2) 0.9 (2.0) 3.2 (2.2–4.1) P< 0.0001

NPRS: Numeric Pain Rating Scale, 0–10, lower scores indicate less pain; NDI: Neck Disability Index, 0–50, lower scores indicate

greater function; GROC: global rating of change; SD: standard deviation; CI: confidence interval.

Table 2. Reliability of the stable group (GROC��2 to�þ2) over time, standard error of measurement

(SEM) and minimal detectable change (MDC) values.

Measure ICC (95% CI) p SEM MDC

NDI

1 week (n¼ 41) 0.94 (0.85–0.97) p< 0.001 2.27 5.3

4 weeks (n¼ 24) 0.92 (0.46–0.97) p< 0.001 2.55 5.9

3 months (n¼ 26) 0.95 (0.78–0.98) p< 0.001 1.91 4.5

NPRS

1 week (n¼ 41) 0.62 (0.07–0.83) p< 0.001 1.13 2.6

4 weeks (n¼ 24) 0.72 (0.08–0.90) p< 0.001 1.06 2.4

3 months (n¼ 26) 0.48 (�0.07–0.76)* p¼ 0.04 1.42 3.3

NPRS: Numeric Pain Rating Scale, 0–10, lower scores indicate less pain; NDI: Neck Disability Index, 0–50, lower scores

indicate greater function; ICC: Intraclass Correlation Coefficient; CI: confidence interval; SEM: Standard Error of

Measure; MDC: Minimal Detectable Change.

*no significant interaction between groups at p< 0.05.
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reliability, while the NPRS had poor and fair reliability,

respectively (Table 2). In addition, regardless of time to

follow-up and/or improvement category, the NDI

and NPRS demonstrated acceptable responsiveness

(Table 3). Overall, our analysis suggests that the com-

monly used self-report outcomes of pain and disability

in patients with cervical spine disorders exhibited

acceptable psychometric properties in patients

with CeH.

The NDI exhibited excellent reliability (ICC) values

at all time points (1 week¼ 0.94, (p< 0.001); 4 week-

s¼ 0.92, (p< 0.001); 3 months¼ 0.95, (p< 0.001).

The MDC was a 5.9 point change at the 4-week

follow-up. Notably, based on studies using ‘‘stable’’

patients on the GROC, the test-retest reliability of

the NDI in this cohort of patients with CeH is higher

than those reported in the majority of studies on

patients with neck pain (ICC¼ 0.64 (25), 0.50 (3)).

Nevertheless, Jorritsma et al. (26) used the global per-

ceived effect scale to identify ‘‘stable patients’’ and

reported excellent reliability (ICC¼ 0.86) in patients

with non-specific neck pain. Of those studies on neck

pain using the more common GROC as the criterion

measure for success, both included patients with upper

extremity symptoms (3,25). This may have negatively

impacted the reliability of the NDI in patients with

neck pain. For example, in patients with CeH, the pres-

ence of neck pain and headaches is expected, and each

of these items is addressed in a specific section on the

NDI (1). Conversely, upper extremity symptoms are

often expected in a heterogeneous sample of patients

with non-specific neck pain, and this is not addressed

in any section of the NDI. Similarly, it has been sug-

gested that the varied distribution of symptoms in

patients with radiculopathy may have a negative

effect on point estimates in psychometric analyses (4).

Nevertheless, from the standpoint of test-retest reliabil-

ity, the NDI seems very well suited for patients with

CeH up to a 3-month follow-up (Table 2).

The NPRS for headache intensity exhibited moder-

ate (ICC¼ 0.62), moderate (ICC¼ 0.72) and slight

(ICC¼ 0.48) reliability at the 1-week, 4-week, and

3-month follow-up, respectively (Table 2). The ICC

values were considered statistically significant at the

1- and 4-week follow-up (p< 0.001), but not the

3-month follow-up (p¼ 0.04) (Table 2). Cleland et al.

(3) reported similar reliability (ICC¼ 0.76) to our

4-week data, at 2.5 days follow-up in a cohort of

patients with non-specific neck pain. The MDC of the

NPRS for headache intensity at 4 weeks (2.4 points)

was similar to that of the MCID at 4 weeks (2.5

points) (Tables 2–3). Although the reliability of the

NPRS is considered acceptable at the 1- and 4-week

follow-up, it seems lower in comparison to the NDI

(ICC; 1 week¼ 0.94, 4 weeks¼ 0.92) in this cohort ofT
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patients with CeH. This lower (fair to moderate) reli-

ability coefficient for the NPRS is in line with that of

patients with neck pain, cervical radiculopathy and low

back pain (3,4,27). It appears the reliability of the NDI

is superior over time compared to the NPRS; thus,

the interpretation of headache intensity values, as mea-

sured by the NPRS, should be approached cautiously

in this patient population.

It is interesting to note that most studies on patients

with CeH often report outcomes on headache intensity,

frequency, duration, and medication intake. However,

the definition of each of these self-report outcomes and

how they were measured is often lacking, or has varied

in some manner across all studies. For example, the

measurement of headache frequency in the current

study and the Jull et al. (9) study (number of headaches

in the last week) is different to Haas et al. (6) and Niere

et al. (11) (number of headaches per month). Similarly,

discrepancies are found when examining pain scales, dis-

ability, headache duration, and medication intake across

studies. These inconsistencies make it difficult to draw

accurate comparisons between multiple trials. Therefore,

in this study, we sought only to establish the psychomet-

ric properties of the standardized self-report outcomes of

pain and disability in patients with CeH for the purpose

of their common use in future clinical trials. In essence,

this will enable accumulation and analyses of larger data

sets to appropriately assess clinical outcomes of selected

interventions in future meta-analysis. Further studies are

needed to establish the psychometric properties of head-

ache frequency, headache duration and medication

intake in patients with CeH.

Finally, measuring responsiveness and deciphering

the MCID involves the use of a single cut score

(usually 3/7, ‘‘somewhat better’’ on the GROC) in

order to construct the ROC and AUC (22). In this

study, for comparative analysis, we sought to evaluate

the responsiveness and MCID using three separate

categories of improvement on the GROC (‘‘somewhat

better’’, ‘‘moderately better’’, ‘‘quite a bit better’’) at all

follow-up time points. In the original trial, we examined

the effects of mobilizationþ exercise versus manipula-

tion alone in 110 patients with CeH (10). In total, 65%

(mobilization¼ 19/52 [37%]; manipulation¼ 52/58

[90%]) of the patients met the GROC score of � 4/7

(moderately better) at the 4-week follow-up. Therefore,

in the present analysis, we wanted to include data on

the changes in the MCID of those patients who were

‘‘moderately’’ (�4) and ‘‘quite a bit better’’ (�5). It

seems reasonable that in a highly responsive outcome

measure, we should statistically see differences between

groups for the MCID that parallel the different

categories of clinical improvement. Hence, as level of

perceived improvement increases on the GROC, we

should see a larger cut-score for the MCID. Of interest

clinically is the 4-week follow-up across all improve-

ment categories. Our analysis noted changes in the

MCID for the NDI (5.5, 6.5, 7.5) and NPRS (2.5,

2.5, 3.5) for the ‘‘somewhat better’’ (�3), ‘‘moderately

better’’ (�4) and ‘‘quite a bit better’’ (�5) categories,

respectively (Table 3). Therefore, if a patient with CeH

reports being ‘‘somewhat better’’ (GROC� 3/7) at the

4-week follow-up, we should expect to see at least a 5.5-

point reduction on the NDI and 2.5-point reduction in

the NPRS. Similarly, in a patient who reports their

headaches are ‘‘quite a bit better’’ (GROC� 5/7) at

the 4-week follow-up, we should expect to see at least

a 7.5-point reduction on the NDI and 3.5-point reduc-

tion in the NPRS. Young et al. (4) also noted larger

MCID values of the NDI and NPRS with greater levels

of perceived improvement in patients with cervical radi-

culopathy (4).

A final point of interest includes the use of CHISG

(15–17) instead of the International Classification of

Headache Disorders-3rd edition (ICHD-3) (14) diag-

nostic criteria for CeH. In our original trial (10), our

decision to use CHISG criteria was based on the ability

to make a clinical diagnosis by the evaluating and treat-

ing physical therapist without the use of imaging or

anesthetic blockade. Although the reliability and valid-

ity of these clinical criteria have been established

(15,17,28–34), the ICHD-3 must be acknowledged

and considered in all studies involving CeH. More

importantly, each set of criteria should be used appro-

priately within the methodological context of the clin-

ical trial conducted. Therefore, current results should

be considered for patients with CeH diagnosed with the

CHISG criteria.

Conclusion

This is the first study to examine the psychometric

properties of common self-report outcome measures

in patients treated for CeH. The NDI and NPRS

both exhibited acceptable reliability and strong con-

struct validity at the 1-week and 4-week follow-up.

Additionally, the NPRS and NDI exhibited appropri-

ate responsiveness over time. The MCID at 4 weeks

for the NDI (5.5, 6.5 and 7.5) and NPRS (2.5, 2.5

and 3.5) was established, based on perceived level of

improvement (GROC) scores of � 3, � 4 and � 5,

respectively. The NDI and NPRS seem well suited as

short-term self-report outcome measures for patients

with CeH.
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Clinical implications

. The NDI and NPRS are reliable, valid and responsive self-report outcomes that are well suited for use in

patients with cervicogenic headache.

. Clinicians and researchers should expect at least a 2.5-point reduction on the NPRS and a 5.5-point reduc-

tion on the NDI after 4 weeks of intervention to be considered clinically meaningful.
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