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Objective: To develop a patient-reported outcome evaluating
the impact of neck pain. The results of item generation and
reduction and subscale structure in support of the content
and construct validity of the measure are reported.
Methods: Items were generated from the literature and
through focus groups including patients with neck pain and
healthcare professionals, respectively. Item reduction was
based on focus groups and field-tested questionnaire data.
Construct validity was assessed using exploratory factor
analysis.

Results: Focus groups containing 24 patients (mean age 57.2
(standard deviation (SD) 15.9) years, range 24-85 years);
19 women) and 12 healthcare professionals were conducted
before data saturation was achieved. A total of 196 patients
with neck pain (mean age 47.8 (SD 13.7) years), range 18-89
years; 146 women) completed the preliminary question-
naire. Overall 35 items were removed from the original 69. A
multidimensional questionnaire, divided into five subscales,
was developed from the remaining 34 items: mobility; symp-
toms; sleep disturbance; everyday activity and pain; and
participation in everyday life. Exploratory factor analysis
supported a S-subscale structure.

Conclusion: The Neck OutcOme Score has excellent content
validity and preliminary results support a S-subscale struc-
ture. Additional work is needed to assess the reliability, fur-
ther construct validity and responsiveness.
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INTRODUCTION

Neck pain (NP) is the second most common musculoskeletal
disorder (1). At any given time 12—14% of the adult population
reports having NP (2), which has been related to neuromuscular
deficits (3), deficits in eye movement control (4) and impaired
performance of muscles in the cervical spine (5). As a result,
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NP often causes reduced work ability and significantly in-
creases the risk of long-term sickness absence (6). Given the
burden of NP, there is an urgent need for efficacious interven-
tions. However, evaluation of effectiveness and efficacy require
salient and robust outcome measures.

There is a lack of patient-reported outcomes (PROs) with
sound psychometric properties for the evaluation of patients
with NP. The Neck Disability Index (NDI) (7), one of the most
applied PROs for NP, has been criticized regarding content
validity (8), reliability (9, 10) and dimensionality (10). The
NDI was originally developed to measure disability in activities
of daily living (7). However, the development process of NDI
presents shortcomings, such as a broad selection of patients,
achievement of data saturation and lack of patient input in deter-
mining content validity (11). This is mainly due to the absence
of clear standardized procedures (12). While current measures
can be modified and their measurement properties evaluated
for people with NP, the need for patient input to determine
content validity (12) based on a conceptual framework (13) is
often lacking or inadequate. We therefore elected to develop
a PRO that evaluates the impact of NP related to impairment,
activity and participation, the Neck OutcOme Score (NOOS).
Prior to item generation, the concepts being measured need to
be clearly defined. The International Classification of Func-
tioning, Disability and Health (ICF) (14) bio-psycho-social
framework is commonly used for the development of PROs
(15) and the efficacy of a given treatment is often evaluated
based on content related to the classification codes (16). The
ICF includes 3 domains: body functions and structure, activity,
and participation (14). While there is guidance for the content
of body functions and structure, the activity and participation
domains are combined, leaving the content of the individual
domains open to interpretation (17). Nevertheless, the ICF is
the most applied framework. The present study reports the
results of item generation and reduction and subscale structure
in support of the content and construct validity of the NOOS.

METHODS

The study was approved by the Regional Scientific Ethical Commit-
tee for Southern Denmark, Denmark and the Danish Data Protection
Agency (ID: 30513). All participants provided informed consent, and
all rights of the participants were protected.
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Questionnaire development

Development of the NOOS was guided by the Consensus-based
Standards for the selection of health status Measurement INstruments
(COSMIN) (13) recommendations.

Target population identification

In order to represent people with a broad spectrum of NP, eligibility
criteria included people over 18 years of age, who were able to com-
municate in written and spoken Danish, who had NP (with/without
cervical radiculopathy) indicated on a body diagram (18), and who
sought treatment for their NP. Patients were excluded if they had or
were being investigated for cancer; had a neurological disorder (e.g.
Multiple Sclerosis); lacked the ability to communicate (e.g. due to a
psychotic episode) or had a history of alcohol or drug abuse.

Conceptual model

The development of the NOOS was based on a reflective model (clas-
sic test theory) in which the construct is reflected by the items (19).
The ICF framework was used as the conceptual model; hence the
classification system was used as guidance when assigning a given
item a priori to a specific subscale. Body functions, body structure,
activity and participation were defined in accordance with the ICF

Development of the Neck OutcOme Score (NOOS) 845

framework (20). In addition, the NOOS used the template of the Knee
injury and Osteoarthritis Outcome Score (KOOS), a multi-dimensional
measure with 5 subscales (21). This template (i.e. layout) was chosen,
since it has shown good acceptability in patients with ankle, knee, hip
and groin-related problems (18, 22, 23). A 5-point ordinal scale was
used, with response options ranging from “no problems” (0) to having
“extreme problems” (4). A normalized score (0—100, worst to best) is
calculated for each subscale, using the following formula: 100-mean
(itemX: itemX)/4*100, which provides a patient profile.

Item generation and reduction

Fig. 1 shows an outline of the item generation process and reduction.

Items were generated through a systematic literature review and
focus groups with patients and healthcare professionals (HCPs) to
ensure content validity. A draft questionnaire was developed by the
first author (TJ), grouping items into subscales based on the conceptual
model from more than 100 items identified from existing PROs for
patients with NP (e.g. 7, 24-33). For example, items regarding range
of motion were grouped with similar items concerning body functions
and structure (e.g. stiftness and dizziness) to form a subscale. An item
such as: “I have a fair degree of difficulty concentrating” from the
NDI (7) was reformulated to “Have you had difficulty concentrating? .
According to the ICF it was classified as body functions and structure

>100 items were identified from existing PRO questionnaires

First draft = 69 items divided into 8 subscales

Literature review (n7=69 items)

Symptoms (9 items), General well-being (5 items), Pain (13 items), Physical function, daily
activities (19 items), Participation (7 items), Function in sport and recreation (6 items),

Emotional impact (5 items) and Neck-related QOL (5 items)

Focus group interviews

Patients removed 19 items;
Physical function, daily activities (8),
Function in sport and recreation (5), Pain
(4), Symptoms (1), Neck-related QOL (1)

Patients added 4 items;
Symptoms (3), Neck-related QOL (1)

HCP’ merged 4 items into 1 (Pain)
and removed 5 items;

Physical function, daily activities (1),
Neck-related QOL (1), Emotional impact
(3). HCP’ added 5 items;

Pain (2), Symptoms (3)

Field-testing (n=54 items)

Qualitative & quantitative
evaluation of the preliminary
baseline version of NOOS

Exploratory factor analysis
(n=36 items)

Renaming of subscales

L J
T

Preliminary version used for field-testing
= 54 items divided into 5 subscale;

Symptoms (18), Pain (14), Physical function,

daily activities (9), Participation (7),
Neck-related QOL (6)

1

18 items removed;

Symptoms (9), Pain (3), Physical function,

daily activities (4), Participation (1), Neck-
related QOL (1)

2 items removed (Q1, P1)

The final vision of the NOOS consists of

34 items divided into 5 subscales;
Mobility (7), Symptoms (5), Sleep

disturbance (4), Everyday activity and pain

Participating in everyday life (10)

Fig. 1. Item reduction and generation process. PRO: Patient Reported Outcome; QOL: Quality Of Life; NOOS: Neck OutcOme Score; Q1: item 1,
neck-related quality of life; P1: item 1, pain subscale; HCP’: Health care professionals.
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and therefore added to the “symptoms” subscale. Similarly, items were
assigned to either a subscale related to activities or participation (e.g.
activity items such as shopping or housework, while social and leisure
activities formed the participation subscale). Three members of the
study group (TJ, EMR, KS) evaluated the draft questionnaire and
minor changes were made to item wording. After removing repeated
items, the preliminary version of the NOOS, included 69 items with
8 subscales: symptoms (9 items), general well-being (5 items), pain
(13 items), physical function/daily activities (19 items), participation
(7 items), function in sport and recreation (6 items), emotional impact
(5 items) and neck-related quality of life (QOL) (5 items).

Focus groups were then conducted with patients and HCPs to iden-
tify additional relevant items and test the comprehensibility, relevance,
acceptability and feasibility of the questionnaire (pilot-testing). Pa-
tients were recruited from 4 private physiotherapy clinics located in
Copenhagen, Aarhus and Odense, Denmark. To ensure that patients
were representative of the target population all patients’ with NP seek-
ing treatment were included (e.g. patients with whiplash-associated
disorder, chronic and acute NP, disc prolapses, derangement, spinal
stenosis and osteoarthritis).

The groups of HCPs included physiotherapists specializing in
musculoskeletal physiotherapy who treated patients with NP daily and
researchers focusing on NP who had experience developing PROs or
who had linguistic skills. Each focus group consisted of 2—5 inform-
ants with a mix of men and women and was facilitated by the same
moderator (TJ). Focus groups were conducted until no new information
was elicited (i.e. data saturation).

Focus group participants completed the preliminary version of the
questionnaire. They were asked about their experiences with complet-
ing the questionnaire and identifying missing content (items) as well
as commenting on problem items (e.g. lack of relevance, comprehen-
sibility, language and readability). The patients were asked questions,
such as how they interpreted the various terms? How did they choose
their answers? What context did they use to answer the item and did
they think about their most serious episodes or was it an average?
Likewise, they were asked to comment on issues such as whether or
not they would be willing to complete a questionnaire, which took
approximately 10 min to complete (i.e. acceptability) and whether
or not the participants would be able to complete the questionnaire
themselves or would need help (feasibility).

Initial item reduction was performed based on focus group data. To
ensure it was the patients who perceived a given item as meaningful, all
items were included in the focus groups (Fig. 1). An item was removed

if none of the patients had experienced the symptoms or had any dif-
ficulties with the given activity. Any new items or issues concerning
items identified in prior focus groups were discussed in later groups
before a final decision was made about adding or removing an item.
Thus, the “new” draft version of the NOOS was consistently re-tested
in focus groups until data saturation was achieved. After completing
focus groups the modified version of the NOOS was field-tested.

An electronic version of the questionnaire, including the modifica-
tions based on focus group input, was created for subsequent develop-
ment (field-testing). The electronic version was a precise reproduction
of the paper-based layout. However, to ensure transferability, the
electronic version was tested and assessed by 11 patients with NP and
3 HCPs (details available upon request).

Patients with the same eligibility criteria as above were recruited
for field-testing from 15 private physiotherapist clinics and 1 spine
centre in or near Copenhagen, Aarhus, Odense and Aalborg, Denmark.
The baseline electronic data collection took place at the clinics via a
designated tablet. One and 12 weeks after enrolment the participants
were provided with a link to the questionnaire via email to enable
questionnaire completion using a personal computer, tablet or smart-
phone. SurveyXact® (2013 Rambell) was used for data collection
and storage. If the participant did not respond, a reminder was sent
after 2, 4 and 6 days.

Item reduction was performed using data from field-testing. Items
were removed if they had a mean and/or a median score of <1 (“mild”
problems), and/or more than 30% of the respondents reported having
“no problems” (baseline administration) and/or if they had low reli-
ability (i.e. a test-retest reliability intraclass correlation coefficient
(ICC version 2,1) (33) less than 0.50 (18)). Finally, prior to conducting
principal component analysis (PCA), the correlation matrix of the re-
maining items was assessed. Items a priori assigned to sub-scales based
on the same underlying construct, were expected to have correlations
between 0.30 and 0.80. Items outside this range were considered for
removal. PCA with oblique rotation was conducted with items with
factor loadings on a single factor <0.30 removed (34). The clinical
importance of each item was reviewed by all members of the study
group (TJ, EMR, KS, AMD) before any items were removed based
on the above-mentioned criteria.

Construct validity of the subscales

After completing the item reduction process, construct validity was
assessed. The initial plan was to confirm the subscale structure using
confirmatory factor analysis (CFA). CFA is strongly driven by theory

Table 1. Correlation matrix containing the remaining “pain” and “physical function, daily activities” items (n=196)

Item Pl P2 P3 P4 P5 P7 P8 P9 P10 P11 P12 P14
P1 1.000

P2 0.288 1.000

P3 0.150 0.343 1.000

P4 0.116 0.322 0.238 1.000

PS5 0.315 0.434 0.123 0.231 1.000

P7 0.266 0.261 0.020 0.282 0.523 1.000

P8 0.224 0.323 0.064 0.249 0.391 0.445 1.000

P9 0.197 0.361 0.140 0.341 0.453 0.396 0.500 1.000

P10 0.333 0.449 0.188 0.297 0.480 0.440 0.513 0.628 1.000

P11 0.140 0.370 0.166 0.423 0.479 0.444 0.524 0.431 0.584 1.000

P12 0.228 0.404 0.240 0.443 0.446 0.399 0.451 0.564 0.629 0.617 1.000

P14 0.282 0.388 0.230 0.375 0.388 0.374 0.603 0.476 0.569 0.485 0.487 1.000
Al 0.209 0.293 0.125 0.266 0.328 0.306 0.567 0.470 0.503 0.454 0.373 0.652
A3 0.251 0.299 0.142 0.345 0.368 0.361 0.445 0.652 0.573 0.426 0.485 0.501
A7 0.295 0.337 0.208 0.515 0.412 0.409 0.476 0.492 0.601 0.570 0.716 0.540
A8 0.174 0.341 0.222 0.499 0.360 0.281 0.418 0.471 0.503 0.575 0.580 0.490
A9 0.195 0.356 0.263 0.468 0.375 0.289 0.410 0.491 0.512 0.563 0.706 0.461

P1=item 1, pain subscale, etc.; Al =item 1, physical function, daily activities subscale, etc.
A full description of the items included in the final version of the Neck OutcOme Score questionnaire is given in Table VI.
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and was therefore chosen since the ICF framework was used as a
conceptual model. The items were initially arranged according to
the subscales based on the ICF and confirmatory factor analysis was
initiated. However, due to poor model fit, item relationships including
within the assigned subscales based on correlations, debating concep-
tual fit, item correlations and possible issues of different item response
structure were evaluated. Examination of the inter-item correlation
matrix, e.g. (Table I) revealed that many items had correlations within
the range 0.30—0.80 with items on other subscales, making it difficult
to achieve a model with overall goodness of fit (34) and conceptual
clarity. Hence, we elected to conduct an exploratory factor analysis
(EFA) with promax rotation (with Kaiser normalization). Parallel
analysis and the scree test were assessed to determine the number
of factors retained (35). Items were considered to load on a factor if
the factor loading was >0.30 (34). A sample size of 57 patients per
item has been recommended when conducting factor analysis as long
as there are at least 100 patients in the sample (36). All quantitative
data analyses were conducted in SPSS v22.0 (IBM®, SPSS Statistics).

RESULTS
Item generation and content validity

A total of 11 focus groups (6 focus groups including 24 patients
(19 women, 5 men (mean age 57.2 (standard deviation (SD)
15.9), range 2485 years)) and 5 focus groups with HCP) were
conducted before data saturation was achieved. The HCPs con-
sisted of 6 physiotherapists, 2 professors, 3 associate professors
and 1 PhD student. Finally, 1 linguist (professor) was interviewed
separately to ensure comprehensibility of the questionnaire. All
focus groups were conducted from January to April 2012.

Table 1. Initial item reduction™
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As shown in Table II, 19 of 69 items were removed because
they were deemed unimportant, irrelevant or redundant. Four
items were added to the questionnaire because patients felt they
were missing. These items were related to swallowing, hearing
and balance difficulties (symptom subscale) and experience of
limitations in one’s life as a result of neck problems (neck-related
QOL subscale). In addition, “finding joy in everyday life” was
moved from the “emotional impact” subscale to “neck-related
QOL” subscale as patients’ perceived this an essential part of
QOL. Items that patients’ perceived as symptoms associated
with their neck problems (e.g. headache) were moved from
the “general health” subscale to the “symptoms” subscale.
NP when sitting still for a long period of time was re-phrased
to incorporate sitting still for more than 1-h based on patient
feedback. The last response option initially worded “extreme”
was changed to “very strong” (except for items related to pain
intensity) as several patients mentioned that they would never
choose a word like “extreme” to describe their situation.

The HCPs added 5 items to the questionnaire: headache
intensity and arm/finger pain intensity (“pain” subscale);
visual disorder, difficulty tying a shoelace, writing and sleep
difficulties in relation to neck problems were added to the
“symptom” subscale. Four items related to pain during sitting
still were merged into 1 item incorporating pain during a sit-
ting activity, such as reading, watching TV (pain subscale).
NP when “standing still for a short period of time” was re-
phrased as “standing still for more than 30 min” and a similar

Total number of
items removed

Subscales Reasons for removal of items (n=19)
Symptoms

Do you have swelling in your neck? Not important to the patients 1

Pain

Turning your neck? The items were either directly adapted from the KOOS, 4

Moving your neck?

Going for a walk?

Going up or down stairs?
Physical function, daily activities
Descending stairs?

Ascending stairs?

Bending to floor/pick up an object?
Walking on flat surface?

Putting on socks/stockings?
Taking off socks/stockings?
Getting in/out of bath?

Getting on/off toilet?

Function in sport and recreation

which the neck pain patients found irrelevant or the activity
was covered in 1 of the other items

All items were adapted directly from the KOOS and were 8
“knee-related” activities, which were deemed irrelevant or
not important by the neck pain patients

Squatting? The items were either directly adapted from the KOOS, 5
Jumping? which the neck pain patients found irrelevant or the activity
Running? was covered in one of the other items

Keeling?

Perform activities with your arms above your head?

Quality of life

How much are you troubled with lack of confidence in your neck? Not important to the neck pain patients 1

*Preliminary items derived from patients were not linguistically validated into English since they were not included in the final questionnaire.

All items were removed after the first 2 patient focus groups.
KOOS: Knee injury and Osteoarthritis Outcome Score.
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item was removed from the “activity” subscale. Furthermore,
the HCPs removed 1 item each from the “neck-related QOL”
and “emotional impact” subscales. Both items were linked to
daily life situations taking place prior to patients experiencing
neck problems and might be subject to recall bias. Finally, 2
items about the future concerns and impact were removed, as
the HCPs were concerned that these items would not change
during a rehabilitation intervention. As only 2 items remained
in the “emotional impact” subscale, there were concerns about
the psychometric properties of a subscale containing only 2
items, and these items were therefore moved to the “neck-
related QOL” subscale.

The resulting 54-item draft questionnaire with 5 subscales;
symptoms (18 items), pain (14 items), physical function, daily
activities (9 items), participation (7 items) and neck-related
QOL (6 items), was reviewed by a linguist, who made minor
changes to the syntactic structure and wording of items. After
pilot-testing in 2 focus groups, no further modifications were
identified and this preliminary version in electronic format
was used for field-testing.

Table I11. Demographic characteristics of patients with neck pain

Item reduction based on the electronic survey data

A total of 196 patients (146 women, mean age 47.8 (SD 13.7),
range 18-89 years) with NP completed the questionnaire.
Hereof 43% also reported experiencing head pain/headache,
55% reported shoulder pain (left, right or both), 24% reported
pain in the upper arm (left, right or both) and 19% reported
experiencing pain in the forearm/hand (left, right or both).
Due to electronic data collection, there were no missing data.
Patient characteristics are presented in Table III.

After review of the patient responses, content, measurement
qualities and clinical relevance by all 4 authors using the a
priori criteria, there was consensus that 18 items met criteria for
removal. Fig. 1 and Table IV show the items removed through
the quantitative item reduction processes. As shown in Table
IV, 9 items were removed from the “symptom” subscale. Item
S5, S11, S12 and S13 had a high proportion of patients reported
having “no problems” (>51%); S4 had a low correlation with
the remaining items (<0.28) and, along with S15, did not meet
factor loading criteria; S6 had a very low correlation with the
remaining items (<0.24), except for 1 (S8=0.30) and even

Characteristics

Baseline (n=196)

Female, n (%)
Age, years, mean (SD)
BMI, kg/m?, mean (SD)
Duration of neck pain, n (%)

0-2 weeks

2—-4 weeks

1-3 months

3—6 months

More than 6 months
Episodes, n (%)

First time

1-3 episodes

4-6 episodes

7-10 episodes

More than 10 episodes
UCLA activity-level rating, n (%)

Regularly participate in impact sports such as jogging, tennis, skiing, acrobatics, ballet, heavy labour, or backpacking

Sometimes participate in impact sports
Regularly participate in very active events, such as bowling or golf
Regularly participate in active events, such as bicycling

Regularly participate in moderate activities, such as swimming and unlimited housework or shopping

Sometimes participate in moderate activities

Regularly participate in mild activities, such as walking, limited housework, and limited shopping

Sometimes participate in mild activities

Mostly inactive: restricted to minimal activities of daily living

Wholly inactive: dependent on others; cannot leave residence
Education level, n (%)

Primary school

High school

Undergraduate

Graduate

Did not wish to inform

146 (74.5)
47.8 (13.7) (n=187)
25.6 (5.1) (n=184)

6(3.1)
12 (6.1)
16 (8.2)
11 (5.6)

151 (77)

41 (20.9)
33 (16.8)
13 (6.6)

3(1.5)

106 (54.1)

27 (13.8)
30 (15.3)
9 (4.6)
28 (14.3)
28 (14.3)
23(11.7)
17 (8.7)
28 (14.3)
5(2.6)
1(0.5)

22(11.2)
77 (39.3)
67 (34.2)
28 (14.3)
2(1.0)

BMI: body mass index; UCLA: University of California Los Angeles activity-level rating.
Ground school =9-10 years of education; High school =10-12 years of education; Undergraduate =13—15 years of education; Graduate =15-17

years of education.
SD: standard deviation.
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Table IV. Removal of items from the preliminary NOOS subscales* (quantitative criteria)

More than
30% of the Low High
respondents correlation  correlation  Failure to
reporting with the with the load on 1
having “n Mean Median ICC  remaining  remaining  single factor
Subscales problems” <1 <1 <0.50 items (<0.30) items (>0.80) (=0.30)
Symptoms
S4. Have you felt a grinding sensation. heard clicking or any
other noise from your neck? - - - - X - X
S5. How often has your neck for example got stuck or been
“locked”? x - - - - - 0
S6. Have you felt any numbness or a tingling sensation in
your arm or fingers? - - - - - 0
S10. Have you experienced balance difficulties? x - - - x - 0
S11. Have you experienced any swallowing difficulties? X X X - 0 0 0
S12. Have you experienced humming. buzzing in the ears or
similar hearing difficulties? x - x - 0 0 0
S13. Have you experienced double vision, had difficulties
focusing or similar visual disorders? x x - - 0 0 0
S15. Have you been more tired than usual? - - - x - - X
S16. Overall, how stiff has your neck been? - - - x - - 0
Pain
P4. How is your arm and finger pain when it is at its worst? X - - - - x
P6. Have looked down at your chest? - - - x 0 0 0
P13. Have lifted or carried something light, e.g. a milk carton. a
cup, etc.? X X X - 0 0 0
Physical function, daily activities
A2. Have been getting out of bed? x x - - 0 0 0
A4. Have had to stand up from a sitting position? X x - - 0 0 0
AS. Have had to hold an object, e.g. a cup, a glass, tableware, X x - 0 0 0
etc.? X X - — 0 0 0
A6. Have had to get in or out of a car? X
Participating in everyday life
PTS.Have had to transport yourself to wherever you want to
go, e.g. by bus, train. car, bike, etc.? X - — - — - 0
Quality of life
Q6. To what extent can you control your neck problems, e.g.
ease or reduce your neck problems? - - - - X - 0

Items were removed if they had: (/) a mean score of <1; (ii) and/or a median score of <1 (indicating “mild” problems); (iif) and/or more than 30% of the
respondents reported having “no problems”; and/or (iv) a test-retest reliability coefficient less than 0.50. The correlation matrix of the remaining items
was assessed with expected correlations between 0.30 and 0.80. If a given item did not correlate with any of the similar items, they were considered
for removal. Finally, failure to load on 1 single factor (>0.30) suggested that a given item did not measure the underlying construct and was therefore

considered for deletion.

—=not fulfilling the criteria; x=fulfilling the criteria; 0=not included in the analysis.
ICC: intraclass correlation coefficient; NOOS: Neck OutcOme Score. P4=item 4, pain subscale, etc.; A2 =item 2, physical function, daily activities
subscale, etc.; S4=item 4, symptom subscale, etc.; PT5=item 5, participating in everyday life subscale; Q6 =item 6, neck-related quality of life subscale.

*Unvalidated translation into English.

though the item is clinically relevant, it was decided to remove
it. All members of the study group agreed that feeling numb-
ness or a tingling sensation in their arm or fingers represented
a separate construct, which in the current questionnaire is only
represented by this 1 item. S16 was highly correlated with S17
and S18 (r=>0.74) and it had low reliability (ICC=0.58; 95%
confidence interval (95% CI): 0.44-0.72); and, S10 only cor-
related with S8 and S9 and 68% of the patients reported having
“no problems” or “rarely” having problems. Three items were
removed from the “pain” subscale: P6 had poor reliability
(ICC=0.38;95% CI1 0.09-0.59); P13 had a mean and a median

<1; and, P4 had low factor loadings (<0.23) and >30% of the
patients reported having “no problems”. Four items were re-
moved from the “physical function, daily activities” subscale.
A2, A4, AS and A6 were considered irrelevant since they all had
mean values <1 and >30% of the patients reported having “no
problems”. PT5 was highly correlated with PT1, PT2, and PT3
(>0.62) and 38% of the patients reported having “no problems”.
The item was therefore considered irrelevant and removed from
the “participation” subscale. Finally, Q6 was removed from the
“neck-related QOL” subscale due to low correlations with the
remaining “neck-related QOL” items (<0.30).
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After this item reduction process, the questionnaire consisted
of 36 items (symptoms (9); pain (11); physical function, daily ac-
tivities (5); participation (6); and, neck-related QOL (5)). These
items were included in the assessment of subscale structure.

Construct validity of the subscales

The EFA was conducted after the item reduction process includ-
ing 36 items, and results from the final EFA (promax rotation)
are presented in Table V.

Table V. Exploratory factor analysis with rotation — pattern matrix (n=196)

The analysis yielded 6 factors with an eigenvalue over 1
and factor loadings of 0.30 or above, explaining 64% of the
variance. Parallel analysis indicated that the 6 factors should
be retained and y* goodness-of-fit analysis revealed that the
6-factor solution fit the data, y>= 4676.42, p<0.000. Item Q1
and P1 separated from the remaining items, loading on a single
factor with an eigenvalue of 1.38 explaining 4% of the variance.
However, both items refer to frequency (“How often do you
feel NP?” and “How often are you made aware of your neck
problems?”), which is significantly different
from the other items referring to the degree
of a given problem. Furthermore, a subscale

Factor 1 Factor 2 consisting of only 2 items (which may represent

(everyday  (participating Factor 4 a method effect given their response options)

activity and in everyday  Factor3  (sleep Factor 5 often has psychometric challenges (13). The
ftem pain) life) (mobility) _disturbance) (symptoms) factor analysis was repeated after omitting item
A9 0.923 P1 and Q1. It did not significantly change the
2172 gz;; remaining factor loadings. Thus, the items were
A8 0.808 removed (Table VI).
P11 0.664 After performing factor analysis the sub-
D2 0.604 0.426 scales were renamed, as the initial a priori
D6 0.573 0.327 -0.276 subscales (latent constructs) were perceived
gg gg (1); gigi 0280 0217 to be sc.)n.léwhat altered, and nqt well reflected
DI 0.493 0.334 by the initial labels. As shown in Tables V and
P10 0.476 0.352 VI, the final version of the questionnaire thus
D4 0.476 0.282 consisted of 34 items divided into the following
P9 0.417 0.409 subscales: Mobility (7 items: S1, S2, S3, S17,
8‘2* Pt S18, P5, P7), Symptoms (5 items: P2, P3, S7,
Q3 0.757 S8, S9), Sleep disturbance (4 items: P8, P14,
Q5 0.675 S14, A1), Everyday activity and pain (8 items:
S1 0.853 -0.205 P9, P10, P11, P12,A3,A7, A8, A9), Participa-
S2 0.848 tion in everyday life (10 items: PT1, PT2, PT3,
o e PT4, PT6, PT7, Q2, Q3, Q4, Q5). A description
S3 0.683 of the items included in the final version of the
S17 -0.203 0.620 NOOS questionnaire is presented in Table V.
P5 0.282 0.611 The Danish and English linguistically trans-
P14 0.807 lated versions (37) are available from http://
S14 0.789
P8 0.770 www.koos.nu/.
Al 0.274 0.740
A3 0.330 0.426
2; gg;g The development of a multidimensional
S9 0.242 0.257 0.441 PRO for patients with NP, specifically item
P2 0.231 0.404 generation, reduction and construct validity,
Eigenvalue 13.532 2.587 1.967 1.708 1.319 is described here.
Amount of variance 39.800 7.609 5.784 5.025 3.879 During the qualitative development process
explained by the patients with NP uncovered issues related to
factor (%) their neck problems, revealing complications
Total amount of 39.800 47.409 53.193 58.218 62.096

variance explained
by the factor (%)

such as movement difficulties, headache and
dizziness, but more unforeseen issues related

Pl=item 1, pain subscale, etc.; Al =item 1, physical function, daily activities subscale, etc.;
S1=item 1, symptom subscale, etc.; PT1=item 1, participating in everyday life subscale,

etc.; Ql=item 1, neck-related quality of life subscale, etc.

Amount of variance (%)=percentage of variance explained by the latent factor.
Total amount of variance (%) =cumulated percentage of variance explained by the 5 factors.

Bold equals the items included in the given subscale.
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to participating in leisure activities and ex-
periencing limitations in one’s life were also
revealed. Hence, the NOOS covers a broad
spectrum of important aspects of life.
Content validity was achieved through the
inclusion of stakeholders, such as patient and
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clinical HCPs. The development process covered the inclusion
of'items addressing content from existing PRO questionnaires,
such as the NDI (7) and the Neck Pain and Disability Scale
(29), but also inclusion of new items that emerged during
focus groups, and a new subscale was formed (participation).
To underpin the concepts being measured the ICF framework
was used. Hence, while the identification of items pertaining
to participation might have been expected, patients who were
not knowledgeable about the framework, generated these new
items. The emergence of new items confirms that the NOOS
addresses gaps in existing PROs and stresses the need for a
new measure.

The ICF framework includes 3 domains: body functions and
structure, activity, and participation. In addition, it incorpo-
rates contextual factors, divided into external environmental
factors (e.g. social structures) and internal personal factors
(e.g. social background) (20). While the NOOS covers the 3
domains, it does not include environmental or personal factors.
In the ICF, environmental factors are a single classification,
while personal factors are included in the model, they are
not classified (14), and hence personal factors are extremely
difficult to categorize systematically. Furthermore, the aim
was to develop an instrument that could evaluate rehabilita-
tion programmes for patients with NP. It was developed in a
clinical setting with patients seeking physiotherapy treatment.
Personal and environmental factors are conceptually likely to
be effect modifiers or may mediate the relationship between
the main ICF components. As a result, the questionnaire was
developed focusing on body functions and structure, activity
and participation. The emergence of new items confirms that
the NOOS addresses gaps in the existing PROs.

The ICF manual provides guidance regarding classification
of content, but there are several aspects that have been left
open awaiting further elaboration (17); for example, a clear
distinction between the activity and participation domains,
additional specification of the conceptual model, particularly
the relationship(s) of the different components (14). From the
patients’ perspective, our findings show that there was no clear
distinction between the body functions and structure and activ-
ity domains when patients were asked to respond to symptoms
or difficulties experienced in relation to specified activities,
which might explain why many of the existing measurements
have failed to detect the effects of rehabilitation interventions.
However, there was clear differentiation between the activity
and participation domains. Lack of empirical discrimination
challenges the investigation of validity. Similar results have been
found for other PROs (38). As a result, researchers have argued
that discriminant validity between, for example, pain on activity
and self-reported physical functions measures, is lacking (38).
Additional research is needed in order for the ICF framework to
have both a theoretical and an empirical foundation, e.g. clearly
distinguishing the boundaries between the different domains.
While our data resulted in abandoning our confirmatory factor
analytical approach, the results of the EFA support 5-subscale
structure of the NOOS. However, it is important that further
empirical testing of the NOOS incorporates CFA.
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The present study included patients across the breadth of NP
and recruited patients from both private therapy clinics and the
municipality; we did not include people with NP who did not seek
therapy. This may limit the generalizability of the results, as there
may be differences between patients not seeking and seeking
therapy. However, access to rehabilitation is publically available
in Denmark, which might have limited potential differences.

During the focus groups participants completed the prelimi-
nary version of the questionnaire, which was ICF-based. This
could have affected the dialogue to only include issues related
to the constructs (items) presented, thus limiting the opportunity
for breeding new constructs. Nevertheless, great effort went
into facilitating an open dialogue beyond the presented items,
although it cannot be ruled out that this may have influenced
the outcome. Furthermore, the HCPs removed 2 items related to
future concerns and impact, which may have limited the measure
as it has been shown that patient’s beliefs about the consequences
of their condition can have an impact on rehabilitation (39).

In conclusion, the NOOS has excellent content validity, and
preliminary results support a 5-subscale structure: Mobility (7),
Symptoms (5), Sleep disturbance (4), Everyday activity and
pain (8), and Participating in everyday life (10). Further work
is needed to confirm test-retest reliability (measurement error,
internal consistency), construct validity, responsiveness and
interpretability. In addition, our data indicate ways in which
the ICF framework could be developed.
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