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Abstract

Background: This study investigates the reliability of muscle performance tests using cost- and time-effective methods
similar to those used in clinical practice. When conducting reliability studies, great effort goes into standardising test
procedures to facilitate a stable outcome. Therefore, several test trials are often performed. However, when muscle
performance tests are applied in the clinical setting, clinicians often only conduct a muscle performance test once as
repeated testing may produce fatigue and pain, thus variation in test results. We aimed to investigate whether cervical
muscle performance tests, which have shown promising psychometric properties, would remain reliable when
examined under conditions similar to those of daily clinical practice.

Methods: The intra-rater (between-day) and inter-rater (within-day) reliability was assessed for five cervical muscle
performance tests in patients with (n = 33) and without neck pain (n = 30). The five tests were joint position error, the
cranio-cervical flexion test, the neck flexor muscle endurance test performed in supine and in a 45°-upright position
and a new neck extensor test.

Results: Intra-rater reliability ranged from moderate to almost perfect agreement for joint position error (ICC = 0.48-0.82),
the cranio-cervical flexion test (ICC 2 0.69), the neck flexor muscle endurance test performed in supine (ICC = 0.68) and
in a 45%-upright position (ICC =2 041) with the exception of a new test (neck extensor test), which ranged from slight to
moderate agreement (ICC = 0.14-041). Likewise, inter-rater reliability ranged from moderate to almost perfect agreement
for joint position error (ICC = 0.51-0.75), the cranio-cervical flexion test (ICC = 0.85), the neck flexor muscle endurance
test performed in supine (ICC 2 0.70) and in a 45°-upright position (ICC = 0.56). However, only slight to fair agreement
was found for the neck extensor test (ICC =0.19-0.25).

Conclusions: Intra- and inter-rater reliability ranged from moderate to almost perfect agreement with the exception of a
new test (neck extensor test), which ranged from slight to moderate agreement. The significant variability observed
suggests that tests like the neck extensor test and the neck flexor muscle endurance test performed in a 45°-upright
position are too unstable to be used when evaluating neck muscle performance.
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Background

Neck pain is a common musculoskeletal complaint among
adults. Worldwide estimates show that the 12-month
prevalence of neck pain among adults ranges between 30%
and 50%, depending on the definition of neck pain and the
geographic spread of respondents [1]. At any given time,
approximately 12-14% of the adult population reports hav-
ing neck pain [1] and neck pain is now the second most
common musculoskeletal disorder [2,3]. Likewise, neck
pain often causes impairment, work disability and contrib-
utes to increased sickness absence [4,5] — thus millions of
dollars are spent annually on treatment, compensation and
lost earnings [6], and neck pain is a contributory cause of
reduced health-related quality of life [7,8]. Neck pain has
been associated with impaired performance of muscles in
the cervical spine [9-13], as well as reduced proprioception
and changes in the cervical motion patterns [14-17]. For
this reason, treatment often includes exercise therapy
aimed at restoring these neuromuscular deficits [18-23].

In order to assess any neuromuscular deficits present,
it is of clinical importance to use reliable and valid as-
sessment tools. Several performance tests have been de-
veloped with the aim of quantifying different aspects of
muscle performance [24-33]. The present study focuses
specifically on five muscle performance tests, which are
often used in clinical practice.

The Cranio-Cervical Flexion Test (CCFT) is a clinical
assessment test of the deep cervical flexor muscle function
[28,30]. It targets activation and endurance of the deep
cervical flexors in progressive inner range positions. The
individual is placed in supine crook lying with the head in
a neutral starting position, followed by an active head nod-
ding action (cranio-cervical flexion) during which the pa-
tient tries to sequentially target five progressive stages
(measured as an increased downward pressure of 22, 24,
26, 28 and 30 mmHg) [29,30]. The reliability of the CCFT
has previously been assessed and it has shown promising
psychometric properties [29,34-37]. Intraclass Correlation
Coefficient (ICC) values have revealed substantial to al-
most perfect intra-rater reliability for the CCFT, with ICC
values ranging from 0.78 to 0.98 (95% Confidence Interval
(CI) ratings between 0.47-0.99) [24,29,35-37]. In addition,
moderate to almost perfect inter-rater reliability has been
reported, with ICC values from 0.57 to 0.91 (95% CI rat-
ings between 0.37-0.96) [24,34,36].

Grimmer et al. [26] described a muscle performance
test targeting neck flexor muscle endurance [26]. The
test is performed with the subject in a supine crook lying
position and measures the subject’s ability to maintain a
cranio-cervical flexion (chin tuck), while performing an
active head lift [26]. The maximal holding time is re-
corded in seconds. The recording is stopped when head
movement, indicating fatigue occurs (i.e., inability to
maintain upper cervical flexion, increase in neck flexion
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or lowering of the head). Reliability studies conducted
on this muscle endurance test, as well as on several
modified versions, have found substantial to almost per-
fect intra-rater reliability (ICC values from 0.71 to 0.96)
[25-27,38-41]. Likewise, moderate to almost perfect
inter-rater reliability has been reported (ICC values from
0.54 to 1.0) [27,39,40,42-44]. As patients with neck pain
are often unable to perform the supine crook lying ver-
sion, due to neck pain or reduced muscle strength, a
modified version of the Neck Flexor Muscle Endurance
(NEFME) test is frequently used in clinical practice. The
modified NFME test is performed in the same manner
as the supine version [26,27] apart from the individual
sitting in a 45°-upright position, which decreases the
load on the neck. Nevertheless, little is known about the
psychometric properties of the modified version.

Cervical Joint Position Error (JPE), measured as the abil-
ity to relocate the head to a starting position following ac-
tive cervical range of motion, has been examined in
patients with neck pain using several different measure-
ment methods [16,32,33,45-48]. The test measures alter-
ations in kinaesthetic awareness expressed as e.g. errors in
head and neck repositioning. Studies using movement
analysis devices, such as an ultrasound-based measuring
device (Zebris) or electromagnetic tracking devices
(3-Space Fastrak), have reported substantial to almost perfect
intra- and inter-session reliability (ICC values from 0.61 to
0.84) [47,49-51], while others have failed to do so (ICC
values from -0.01 to 0.51) [49,50,52,53]. Based on the
results from e.g. Revel et al. [32] and Heikkild et al. [45]
it has been suggested that clinicians can use simple
equipment such as a paper target and a head-mounted
laser pointer to assess a subject’s ability to relocate the
head to a neutral position following active cervical
range of motion [54]. However, the reliability of such
clinical performance tests is still unknown.

Over the last decade there has been an increased inter-
est in muscle performance of the cervical flexors in pa-
tients with neck pain [12,21,30,55]. Muscle performance
tests have focused predominantly on the cervical flexor
muscles and only a limited number of tests targeting the
posterior neck muscles exist [25,56]. However, recent re-
search indicates that significant changes also occur in
the posterior neck muscles [57-60], and there is a clin-
ical need for the development of muscle performance
tests targeting the posterior neck muscles. Drawing on
the existing literature and the clinical practice we devel-
oped a new dynamic muscle performance test, which
targets neck extensor muscle’ endurance.

When conducting reliability studies, great effort goes
into standardising test procedures in order to reduce
sources of variation and facilitate a stable outcome. One
way to reduce test variation is by increasing the number
of tests and using the average to calculate i.e. ICC values.
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Studies of muscle performance tests used for patients
with neck pain have shown that an increased number of
test trials (minimum of five trials) increases the test’s re-
liability (i.e., increased ICC values and decreased Limits
Of Agreement (LOA)) [50,51] by reducing measurement
error [61]. However, when muscle performance tests are
applied in clinical practice, clinicians often only conduct
a muscle performance test once or twice, partly due to
time constrains and partly due to avoiding pain or fa-
tigue in the tested muscles, which may affect test reli-
ability (cf. increased measurement error).

Therefore, we aimed to investigate whether muscle per-
formance tests, which have shown promising psychomet-
ric properties, remain reliable when examined under
conditions similar to those of daily clinical practice in
physiotherapy. Likewise, we aimed to target some of the
areas where limited evidence exists. In order to standard-
ise test procedures, we used inexpensive, simple equip-
ment, which easily can be applied in a clinical setting and
which previously has been found useful in tests of lumbar
motor control [62].

The aim of this study was to determine the clinical re-
liability of five muscle performance tests in patients with
and without neck pain.

Methods

Study design

An intra-rater (between-day) and inter-rater (within-day)
design was applied. Each participant attended two assess-
ment sessions. At each occasion both examiners assessed
the participant. Intra-rater reliability on two days and was
examined by comparing results from the two assessment
sessions, with a maximum of three working days between
the assessment sessions. Inter-rater reliability between
examiner A and B was examined was assessed on both as-
sessment sessions (first and second assessment session).
The study followed a three-phase reliability protocol, rec-
ommended by the International Academy of Manual/
Musculoskeletal Medicine (IAMMM) [63]. The three-
phase protocol consisted of a preparation, training and an
overall agreement phase. During the preparation phase
agreements on study conditions and logistics were
achieved, while the training phase focused mainly on
replicating test procedures and judgment. The aim of the
overall agreement phase was to obtain an overall agreement
percentage >80% between the two examiners. After com-
pleting the three-phase protocol, both physiotherapists
(examiners A and B) agreed upon how to determine a given
cut-point (in case a clear cut off point did not already exist)
and how to standardise and perform each test.

Examiners
Between September 2011 and April 2012, two recently cer-
tified physiotherapists working at a private physiotherapy
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clinic (examiners A and B) examined 63 participants. A
third physiotherapist (administrator) independently han-
dled the administration of patients in terms of booking
appointments and handing out questionnaires. The ex-
aminers were blinded to one another’s results and to
whether the participant was a subject with or without
neck pain. The order of examinations was random; that
is, neither physiotherapist was consistently the first or
the second examiner.

Participants

The Regional Scientific Ethical Committee for Southern
Denmark, approved the current study (reference number
30513). All participants gave written informed consent,
and the rights of the participants were protected.

The participants consisted of two groups, who were
either subjects with neck pain or a healthy reference
group. Subjects with neck pain were recruited from five
private physiotherapist clinics in Copenhagen, Denmark,
and the physiotherapists’ consecutively referred patients,
who fulfilled the inclusion and exclusion criteria. Healthy
participants were recruited via advertisements in local
newspapers or among friends or relatives of the three
physiotherapists conducting the data collection. Patients
with neck pain were eligible for participation if they met
the following inclusion criteria: 1) had experienced non-
specific neck pain for more than four weeks; 2) were over
18 years of age; 3) had turned to a general practitioner,
chiropractor or physiotherapist regarding their neck pain;
and 4) spoke and understood Danish. Patients were ex-
cluded if they had radiculopathy (e.g., positive Spurling’s
Test, Upper Limb Tension Test [64,65]). Healthy subjects
were eligible to participate if they: 1) were over 18 years of
age; and 2) spoke and understood Danish. They were
excluded if they: 1) had neck pain within the last year
causing absence from work or a significant reduction in
daily activity level for more than three days; 2) had back,
shoulder or elbow pain; or had 3) a rheumatologic disease
(e.g., rheumatoid arthritis). In addition, all participants
were excluded if they had been diagnosed with a neuro-
logical disorder (e.g., Parkinson’s disease, multiple scler-
osis), diabetes or cancer; 2) were pregnant; or 3) had a
history of alcohol or drug abuse.

Data collection

Participants were screened for eligibility before partici-
pating in the study. If the participants met the inclusion
and exclusion criteria, arrangement for the first assess-
ment was scheduled. The first assessment took place
with a maximum of five working days between the
screening session and the first assessment session. Re-
ferred patients received written information materials in
hard copy at the clinics. Healthy participants received
written information materials via e-mail. Prior to the
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first assessment session, study procedures were ex-
plained in detail to the participants, and participants
gave their informed consent. The administrator collected
information from participants regarding their gender,
age and self-reported height, weight and education level.
Neck pain was recorded using a 100 mm Visual
Analogue Scale (VAS) anchored with “no pain” at 0 mm
and “worst imaginable pain” at 100 mm. Participants
completed the Neck Disability Index (NDI) [66], a ques-
tionnaire designed to measure Activities of Daily Living
(ADL) in patients with neck pain. It consists of ten
items, each with six response categories (range 0-5, total
score between 0-50) [66].

After completing the questionnaire, participants per-
formed the five clinical muscle performance tests with
one examiner, followed by a short break (approx.
10 min.). After the ten-minute rest period, participants
performed the same five clinical muscle performance
tests with the second examiner. Each test session lasted
approximately 30 minutes and the order of the five tests
was random. Efforts were made to ensure that all sub-
jects were examined at the same time of day at the first
and second assessment session.

Muscle performance tests

Joint position error (head repositioning)

The JPE test was a modified version of Heikkila and col-
leagues’ kinaesthetic sensibility test [45]. This test mea-
sures the subject’s ability to relocate their head to a
starting position following active cervical range of mo-
tion in flexion, extension and bilateral rotation.

In the modified JPE test, the subject wore headgear
(a cap) with sagittal and a frontal measuring tape attached
to the back (Figure 1). The tape had measurements at
0.25 cm intervals along a 12 cm length, starting with
0.0 cm in the middle and extending to 6 ¢cm in both di-
rections. The subjects were placed erect in a chair with
back support and with approximately 90° of hip and
knee flexion. The feet were firmly placed on the ground.
A spirit level laser (Class 3A Laser product, Wen Zhou
Xinke, China) was placed on a flat and stable surface be-
hind the subject. The spirit level laser was positioned
with the laser pointing at the centre of the measuring
tape (i.e., at 0.0 cm). The starting position was sitting
with the head in a neutral position (i.e., 0.0 cm) and with
eyes closed. Subjects were asked to memorize this pos-
ition. They maintained the position for a few seconds
before performing a full active cervical rotation, followed
by relocation of the head to the starting position. They
were instructed to perform the test, as accurately as pos-
sible and to verbally indicate when they perceived having
returned to their starting position. This position was
recorded. The examiner registered the distance from
the recorded position to 0.0 cm on the measuring tape.
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Between each trial, the examiner manually adjusted the
participant’s head to match the original starting position
(i.e., 0.0 cm) and gave no feedback on accuracy. No ver-
bal or visual feedback was provided during the test. A
familiarisation trial was conducted before the formal
trial. The rate at which participants performed the
movements was not formally controlled. However, all
subjects were instructed to move at a comfortable
pace. Participants performed a total of three trials of
each movement direction in the following order: right
cervical rotation; left cervical rotation; neck flexion;
and neck extension.

Cranio-cervical flexion test

The CCFT is a clinical assessment of the deep cervical
flexor muscles function [28,30]. The CCFT was performed
with participants lying in supine crook on a plinth with
the neck in a neutral position. Where necessary, head
position was adjusted so the line of the face was horizon-
tal by placing layers of towels under the head [30]. A de-
flated pressure biofeedback unit (Chattanooga Ltd Hixson,
USA), with a pressure transducer attached, was placed
underneath the neck abutting the occiput (Figure 2). It
was inflated to a stable baseline pressure of 20 mmHg.
Participants were instructed to perform a small, gentle
and smooth nodding action (like saying ‘Yes’) to achieve
cranio-cervical flexion. Progressive nodding action in-
creased the pressure from the baseline of 20 mmHg to 22,
24, 26, 28 and 30 mmHg. Participants were instructed to
maintain an isometric contraction at each progressed
pressure level for ten seconds, before returning to a neu-
tral position. A short break was given between each trail.
Subjects were allowed one practice session to familiarise
themselves with the test procedure and verbal feedback
was provided to correct any incorrect movement strat-
egies. The examiner observed the subject’s performance.
When necessary, the examiner palpated the superficial
neck muscles to ensure no use of incorrect movement
strategies (e.g., undue use of superficial flexor muscles
[e.g, m. Sternocleidomastoideus], posterior retraction of
the head, breath holding, overshooting of the target
pressure). The examiner recorded which level of pressure
the participant successfully achieve.

Muscle endurance tests

The NFME test was based on a modified version of
Harris et al. [27]. It is a clinical neck flexor muscle endur-
ance test. The test was performed with the subject lying
in supine crook on a plinth with the head in a neutral
position (as during the CCFT). The participant wore
headgear (a cap) with a 2 cm wide measuring tape ap-
plied to the top of the cap. A spirit level laser (Class 3A
Laser product, Wen Zhou Xinke, China) was placed on a
flat and stable surface above the subject (Figure 3).
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Figure 1 Start position for the joint position sense test.

Initially, the participant was instructed to place their upper
cervical spine in a slightly flexed position and gently lift
their head off the plinth, while maintaining the upper cer-
vical flexion. Subjects were allowed one short practice
trial. The spirit level laser was positioned with the laser
pointing at the centre of the measuring tape. The partici-
pant was instructed to hold the starting position for as
long as possible. Verbal encouragement was given (e.g.,
“Hold your head up” or “Tuck your chin in”) if the partici-
pant started to change their head posture. The test was
terminated when the laser moved outside either above or
below - and thereby exceeded - the measuring tape due to
head movement indicating fatigue (i.e., inability to main-
tain upper cervical flexion, increase in neck flexion or low-
ering of the head). The examiner recorded time to

termination as the holding time in seconds. The partici-
pants performed this trial once.

A modified NFME test was performed with the partici-
pant sitting in a 45°-upright position. The plinth served
as back support (Figure 4A). The participant wore the
same headgear, but with a 1.5 cm wide measuring tape
applied on the side of the cap, approximately 2 cm above
the right ear (Figure 4B). The spirit level laser was
placed on the right side of the subject. The laser pointed
at the centre of the measuring tape. Participants were
allowed one short practice trial. Starting position was set
as described above and the same instructions were given.
The test was terminated when the laser moved outside
either above or below - and thereby exceeded - the
measuring tape due to head movement indicating fatigue

Figure 2 The cranio-cervical flexion test.

Figure 3 The neck muscle endurance test performed in supine.
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Figure 4 The neck muscle endurance test performed in 45°-upright position (A) and (B).

(i.e., inability to maintain upper cervical flexion, increase
in neck flexion or lowering of the head). The examiner
recorded time to termination as the holding time in sec-
onds. The participants performed this trial once.

Neck extensor test

The neck extensor test (NET) is a dynamic clinical test,
which targets neck extensor muscle endurance. It was
performed with the participant lying prone, with arms
at the sides and the head over the edge of the plinth
(Figure 5), initially supported by the examiner. The partici-
pant wore headgear (a cap) with a 2 cm wide measuring
tape applied to the top of the cap. A spirit level laser was
placed in front of the plinth (Class 3A Laser product,
Wen Zhou Xinke, China). The examiner held the partici-
pant’s head in a neutral position, with the laser pointer at
the centre of the measuring tape. The test began when
the examiner stopped supporting the subject’s head. The
participant was instructed to maintain a neutral head
posture while performing a small side-to-side head rota-
tion. They were told to perform the rotation at a smooth

Figure 5 The neck extensor test.

and slow pace. The rate at which participants performed
the movements was not strictly controlled. However, all
subjects were instructed to move at a comfortable pace.
Participants were allowed one short practice trial. Verbal
encouragement was given (e.g., “Hold your head up”), if
the participant started to change their head posture. The
test was terminated when the laser moved outside either
above or below - and thereby exceeded - the measuring
tape due to head movement indicating fatigue (i.e., inabil-
ity to maintain upper cervical flexion, increase in neck
flexion or lowering of the head). The examiner recorded
time to termination as the holding time in seconds. The
participants performed this trial once.

Statistical analysis
Intra- and inter-rater reliability was assessed as recom-
mended by the COnsensus-based Standards for the se-
lection of health Measurement INstruments (COSMIN)
checklist [61,67]. For assessing intra- and inter-rater
reliability, ICC agreement values with 95% CI were
calculated [61,67]. ICC agreement is preferred as it
takes systematic and random errors into account [61].
Bland-Altman’s LOA [68] was used for evaluating agree-
ment between the rater’s scores. Furthermore, measure-
ment errors were estimated by calculating the Standard
Error of Measurement (SEM) using formula: SEM
consistency = SDdifference/V2 (SDdifference = Standard
deviation of the mean differences between examiners A
and B). The Smallest Detectable Change (SDC) was
calculated using the formula: 1.96 * V2 * SEM [61,67].
Landis [69] criteria were used to interpret ICC agree-
ment values: slight (r=0.00-0.19); fair (r=0.20-0.39);
moderate (r = 0.40-0.59); substantial (r = 0.60-0.79); and
almost perfect (r = 0.80-1.0) reliability [69]. Primary data
analyses were performed for the whole group due to
the small sample size. Data were analysed using SPSS
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version 19.0 (IBM°, SPSS, statistics). ICC agreement
values (model 2.1.A) and 95% CI were calculated using
‘scale analysis’ with a two-way random effect model and
‘absolute agreement’. For JPE, average measurements are
reported. For the CCFT, the NFME and NET tests’ single
measurements are reported. For head repositioning, no
statistically significant differences were found between
the three right and three left cervical rotation trials (post
hoc analysis two-sample t-test, p=20.70). Therefore,
data from left and right cervical rotation were pooled in
the final analysis. Adequate sample size is required to
achieve an admissible 95% CI for ICC values and a sample
size of 50 participants is recommended to assess reliability
[70]. Additionally, a post hoc analysis was performed by a
two-sample independent T-test to explore possible differ-
ences in mean scores between patients with neck pain and
healthy subjects. This was done although the study was
not designed with power to perform a strict specificity
analysis. Statistical significance was accepted at P values
less than 0.05.

Results

A total of 63 subjects participated in the study. The de-
scriptive characteristics of the 33 patients with neck pain
and the 30 healthy subjects are provided in Table 1 with
a summary of age, gender, height, body mass, body mass
index, education level, VAS and NDI scores. Thirty
healthy subjects (17 females/13 males) completed the
first and second assessment sessions. Thirty-three pa-
tients with neck pain (25 females/8 males) completed
the first assessment session and 31 patients with neck
pain (23 females/8 males) completed the second assess-
ment session. The two drop-outs were due to increased
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neck pain following the first assessment session and lack
of time, respectively.

Intra-rater reliability

Summarized statistics are presented for each of the
muscle performance tests (examiners A and B) in
Table 2. Overall, intra-rater reliability ranged from slight
to almost perfect with ICC values between 0.14 and 0.82.

Joint position error (head repositioning)

By and large, ICC values indicate moderate to almost
perfect reliability for the JPE tests, ranking from 0.50 and
0.80. The highest ICC values were found for neck flexion
(0.82 (95% CI [0.71-0.89]) and neck extension (0.80 (95%
CI [0.66-0.88]) (examiner A), with 95% of the LOA meas-
urement variation ranking between -0.640-0.666 cm
(Table 2). However, examiner B presented the lowest ICC
values for neck flexion (0.64 (95% CI [0.40-0.79]) and neck
extension (0.48 (95% CI [0.13-0.67]). Bland-Altman plots
revealed that the greater part of the differences between
the two examiners was less than 1 cm for neck flexion and
neck rotation. For neck rotation, ICC values implied sub-
stantial reliability for both examiners (Table 2). The SDC
ranked from 0.52 cm (neck rotation) to 0.72 ¢m (neck ex-
tension) and SEM ranked between 0.19 cm (neck rotation)
and 0.26 cm (neck extension) (Table 2).

Cranio-cervical flexion test

For the CCFT, the intra-rater reliability was substantial
to almost perfect, with ICC values between 0.69 (95% CI
[0.53-0.80]) and 0.81 (95% CI [0.70-0.88]). LOA ranked
between -5.176-5.044 mmHg and -4.112-4.112 mmHg
(Table 2), with a mean difference between examiners A

Table 1 Demographic characteristics of the patients with neck pain and healthy subjects*

Healthy subject (n = 30)

Patients (n = 33) P-value for group differencet

Gender, no. of females, % 17 = 57%
Age, years 34 (14.7)
Height, cm 173.7 (9.8)
Body mass, Kg 705 (12.8)
BMI, kg/m? 246 (3.3)
VAS pain score (0-100 score), mm 1.0 (3.5
NDI (0-50 score) 1.2 (2.8)
Education level
Ground school, number, % 2=7%
High school, number, % 14 = 47%
Undergraduate, number, % 10 = 33%
Graduate, number, % 4 =13%
Doctoral degree, number, % 0

25 = 76% 0.108
54 (15.1) >0.000
1719 (9.3) 0468
74.9 (15.9) 0.232
239 (33) 0454
49.8 (21.5) >0.000
16.0 (8.1) >0.000
10 = 30%
12 = 36%

7=21%

3=9%

1=3% 0.134

Cm = centimeters, Kg = kilogram, mm = millimeters, BMI = Body Mass Index, VAS = Visual Analogue Scale from 0-100 mm, where 0 represent the best result, i.e.
more healthy. NDI = Neck Disability Index from 0-50, where 50 represents the best result, i.e. more healthy. 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, Doctoral degree = 18-20% years of education.
*Values are the mean * SD unless otherwise indicated. + P values are based on 2-sample independent t-tests. Bold numbers = P values less than 0.05.
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Table 2 Intra-rater reliability of the five muscle performance tests

Examiner A ICC agreement 95% Cl Meandiff_AB (SDdiff AB) SEM consistency LOA SDC
JPE Rotation 0.66 043 -0.79 0.08 (0, 28) 0.20 -0468 0.634 0.55
JPE Flexion 082 0.71-0.89 -0.04 (0.31) 0.22 -0.640 - 0.560 0.60
JPE Extension 0.80 0.66 - 0.88 -0.004 (0.34) 024 -0.670 - 0.666 067
CCFT 0.69 053 -0.80 -0.07 (2.61) 1.84 -5.176 - 5.044 5.11
Neck flexor muscle endurance (supine) 0.68 0.52 - 0.80 3.08 (23.13) 16.35 -42.25 - 4841 4534
Neck flexor muscle endurance (sitting 45°) 041 0.18 - 0.60 -18.21 (76.55) 5413 -168.25 - 131.83  150.04
Neck extensor test 041 0.17 - 0.60 -0.07 (29.24) 20.68 -57.38 - 57.24 57.31
Examiner B

JPE Rotation 0.70 0.50 - 081 0.05 (0.267) 0.19 -0478 - 0.568 052
JPE Flexion 0.64 040 -0.79 0.03 (0.344) 0.24 -641-0.717 0.67
JPE Extension 048 0.13 - 067 -0.03 (0.368) 0.26 -0.755 - 0.687 0.72
CCFT 0.81 0.70 - 0.88 0.00 (2.098) 148 -4.112 - 4112 4.1
Neck flexor muscle endurance (supine) 0.75 061 -085 -6.46 (2061) 1457 -46.86 - 33.94 4040
Neck flexor muscle endurance (sitting 45°) 0.59 0.40-0.73 -10.97 (49.66) 35.12 -10830 - 8636 9733
Neck extensor test 0.14 -0.12-037 -4.57 (32.58) 23.04 -6843-5929  63.86

JPE = Joint position error, CCFT = Cranio-Cervical Flexion Test. 95% Cl = 95% confidence interval, ICC agreement = Inter class correlation coefficients. Meandiff_AB
= mean difference between examiner A and B, SDdiff_AB = standard deviation of the mean difference between examiner A and B. SEM = standard error of

mesurement, LOA = Limits of agreements, SDC = smallest detectable change.

and B of —0.07 mmHg (SD =2.61) and 0.00 mmHg (SD =
2.10) (Table 2). Measurement errors expressed as SEM were
148 mmHg and 1.84 mmHg. The SDC was 4.11 mmHg and
511 mmHg.

Muscle endurance tests

Of the two NFME tests the supine version was the most
reliable (Table 2). However, ICC values revealed only
substantial intra-rater reliability (<0.75 (95% CI [0.61-
0.85]) (Table 2). The Bland-Altman analysis showed a
very broad LOA, indicating limited agreement between
the examiners (Table 2). Likewise, SEM disclosed large
measurement errors (SEM >14.57 sec). The SDC on the
NEME test (supine version) was above 40 sec (Table 2).
When assessing the sitting version of the NFME test,
intra-rater reliability was only moderate (20.41 (95% CI
[0.18-0.60]) (Table 2). Similarly, mean differences (> -10.97
(49.66)) and LOA were large (> -108.30-86.36 sec)
(Table 2). The SDC on the modified NFME test (sitting
version) was above 97 sec (Table 2).

Neck extensor test

Overall, ICC values indicated slight to moderate intra-
rater reliability for the NET. However, the 95% Cls were
very large demonstrating significant variability (Table 2).
Furthermore, broad LOA was observed, showing poor
agreement between the variables (> -57.38- 57.24 sec)
(Table 2). The SDC was between 57.31 sec and 63.86 sec.

Inter-rater reliability

A summary of inter-rater reliability statistics is presented
in Table 3. Generally, inter-rater reliability was slight to
substantial, with ICC values ranking between 0.19 and
0.86 (Table 3).

Joint position error (head repositioning)

For the JPE tests, inter-rater reliability was moderate for
neck rotation, with ICC values between 0.51 (95% CI
[0.19-0.70]) and 0.57 (95% CI [0.28-0.74]), respectively
(Table 3). Likewise, the ICC value for neck extension
(first assessment) pointed to moderate reliability (0.51
(95% CI [0.20-0.70])). For the rest of the JPE tests, sub-
stantial reliability was observed (ICC>0.69) (Table 3),
with SDCs between 0.55 cm and 0.75 cm. Overall, the
mean differences between the two examiners ranked be-
tween 0.00 cm (SD=0.28) and 0.11 cm. (SD=0.38)
(Table 3). Bland-Altman plots revealed that most of the
differences for neck flexion and neck rotation were less
than 1 cm.

Cranio-cervical flexion test

The ICC inter-rater reliability values were 0.85 (95% CI
[0.76-0.91]) and 0.86 (95% CI [0.81-0.93]), indicating al-
most perfect reliability (Table 3). However, Bland-Altman
analysis revealed a somewhat large LOA, signifying some
inconsistency (Table 3). Likewise, SEM values were
1.55 mmHg and 1.64 mmHg, and the SDC was 4.30 mmHg
and 4.53 mmHg, respectively (Table 3).
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Table 3 Inter-rater reliability of the five muscle performance tests

First assessment ICC agreement 95% Cl Meandiff_AB (SDdiff AB) SEM consistency LOA SDC
JPE Rotation 0.51 0.19-0.70 0.04 (0.35) 0.50 -0.651 - 0.729 0.69
JPE Flexion 0.75 0.59 - 0.85 0.02 (0.31) 022 -0.560 - 0.628 0.61
JPE Extension 0.51 020-0.70 0.11 (0.38) 0.27 -0644 -0862 075
CCFT 0.85 0.76 - 0.91 0.25 (2.31) 1.64 -4.281 - 4789 4.54
Neck flexor muscle endurance (supine) 0.73 0.59 - 0.83 5.48 (21.56) 15.25 -36.78 - 4774  42.26
Neck flexor muscle endurance (sitting 45°) 0.56 037 -0.71 963 (51.32) 36.29 -90.96 - 11022 100.59
Neck extensor test 0.19 -0.06 - 042 2.70 (30.94) 21.88 -5794 - 6334 6064
Second assessment

JPE Rotation 057 028-0.74 0.00 (0.28) 0.20 -0544 - 0546 0.55
JPE Flexion 0.71 0.52-0.82 0.06 (0.36) 0.25 -0.638 - 0.758 0.70
JPE Extension 0.69 048 - 0.81 0.10 (0.38) 027 -0.644 - 0.841 0.75
CCFT 0.86 0.81-093 033 (220) 1.55 -3976 - 4632 430
Neck flexor muscle endurance (supine) 0.70 0.55 - 0.81 -4.07 (22.51) 1592 -48.19 - 4005  44.12
Neck flexor muscle endurance (sitting 45°) 0.74 0.56 - 0.84 16.98 (49.71) 35.15 -8045- 11441 9743
Neck extensor test 025 -0.01-047 -1.37(3335) 23.58 -66.74 - 640 6537

JPE = Joint position error, CCFT = Cranio-Cervical Flexion Test. 95% Cl = 95% confidence interval, ICC agreement = Inter class correlation coefficients. Meandiff_AB =
mean difference between examiner A and B, SDdiff_AB = standard deviation of the mean difference between examiner A and B. SEM = standard error of

mesuremeant, LOA = Limits of agreements, SDC = smallest detectable change.

Muscle endurance tests

Apart from the second assessment of the sitting version of
the NEME test, the overall inter-rater reliability for the
NFME tests was substantial (ICC>0.70 (95% CI [0.55-
0.81]) (Table 3). However, broad Cls were found, indicat-
ing variability. Similarly, the mean differences (from —4.07
to 16.98) and LOAs varied widely, from —36.79-47.74 sec
to —80.45-114.41 sec (Table 3), indicating systematic errors
between the two examiners. Significant measurement er-
rors (expressed as SEM) were observed, especially for the
sitting version of the NFME test (SEM >35.15 sec). The
SDC ranged from 97.43 sec to 100.59 sec in the sitting
version, and from 42.26 sec to 44.12 sec in the supine ver-
sion (Table 3).

Neck extensor test

By and large, ICC inter-rater reliability values showed
only slight to fair reliability for the NET (Table 3). LOA
ranked between -57.94-63.34 sec and -66.74-64.0 sec
(Table 3), with a mean difference between examiners A
and B of -1.37 sec (SD=33.35) and 2.70 sec (SD =
30.94), representing both systematic errors and large in-
consistencies. The SEM showed considerable measure-
ment errors (SEM >21.88 sec), with a SDC over 60 sec
(Table 3).

Comparison of the results from the five muscle performance
tests

Post hoc analysis was performed to compare mean
scores between patients with neck pain and healthy sub-
jects for each of the five muscle performance tests

(Tables 4-5). For JPE, the only statistically significant
differences found were in neck rotation and extension,
where patients with neck pain showed significantly lar-
ger repositioning error than healthy subjects (p < 0.023)
(Tables 4-5). However, only examiner B found these sig-
nificant differences and the differences observed for
neck extension were only present at the second assess-
ment session. Reduced neck flexor muscle endurance
was shown in patients with neck pain, when compared
with healthy subjects (p =0.004). Nevertheless, reduced
muscle endurance was only observed at the first assess-
ment session (examiner A) and only when muscle en-
durance was measured in a 45°-upright sitting position.

For all CCFT measurements, patients with neck pain
displayed significantly lower pressure levels than did
healthy subjects (p <0.023), indicating a reduced ability
to activate the deep neck flexors. For the rest of the
measurements, no statistically significant differences
were observed between patients with neck pain and
healthy subjects.

In order to assess whether muscle fatigue introduced
after performing the first set of muscle performance
tests could have affected the reliability of the muscle en-
durance tests, a post hoc analysis was conducted com-
paring the mean holding time in seconds achieved from
the first and the second assessment (on the same day).
For the NFME test (supine), the NEME test (45°-upright
position) and the NET, there were no statistically signifi-
cant differences in holding time between the first and
the second assessment on either of the two assessment
sessions (p > 0.190) (Table 6).
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Table 4 Differences in scores between patients with neck pain and healthy controls*

Examiner A - First assessment

Control (n = 30)

Patient (n = 33) P-value for group differencet

JPE Rotation, cm 048 (0.30) 0.60 (0.31) 0.119
JPE Flexion, cm 0.50 (0.31) 0.66 (041) 0.095
JPE Extension, cm 0.56 (0.31) 0.70 (047) 0.164
CCFT, mmHg 2693 (3.1) 2497 (2.8) 0.011
Neck flexor muscle endurance (supine), sec 38.93 (28.9) 34.09 (37.1) 0.568
Neck flexor muscle endurance (sitting 45°), sec 10340 (55.3) 63.18 (52.8) 0.004
Neck extensor test, sec 4243 (24.8) 30.55 (24.4) 0.060
Examiner B - First assessment Control (n = 30) Patient (n = 33) P-value for group differencet
JPE Rotation, cm 040 (0.21) 0.58 (0.36) 0.016
JPE Flexion, cm 0.54 (0.34) 0.59 (0.31) 0615
JPE Extension, cm 0.51 (0.24) 0.55 (0.27) 0.515
CCFT, mmHg 27.07 (34) 24.36 (2.7) 0.001
Neck flexor muscle endurance (supine), sec 3297 (18.8) 29.06 (31.2) 0.554
Neck flexor muscle endurance (sitting 45°), sec 84.67 (55.3) 61.82 (48.8) 0.087
Neck extensor test, sec 39.03 (29.3) 2848 (15.6) 0.076

Cm = centimeters, mmHg = millimeter mercury, sec = seconds, JPE = Joint position error, CCFT = Cranio-Cervical Flexion Test. *Values are the mean + SD. + P
values are based on 2-sample independent t-tests. Bold numbers = P values less than 0.05.

Discussion

This study was conducted in accordance with the
COSMIN checklist and investigates the reliability of
muscle performance tests using cost- and time-effective
methods similar to those used in daily clinical practice in
physiotherapy. Generally, across all tests the study showed
large variability with intra- and inter-rater reliability ran-
ging from moderate to almost perfect agreement with
the exception of the NET, which ranged from slight to
moderate agreement. In addressing why such significant

variability was observed, several methodological issues and
study limitations need to be considered.

Joint position sense

Firstly, for head repositioning, the number of trials per-
formed for each movement direction has been reported to
affect the estimation of precision and accuracy, with an in-
creasing test stability (i.e, higher ICC values) attained
when a larger number of trials are performed (five trials or
more) [50,51]. However, our results indicate that inter-

Table 5 Differences in scores between patients with neck pain and healthy controls*

Examiner A - First assessment

Control (n = 30)

Patient (n = 31) P-value for group differencet

JPE Rotation, cm 040 (0.17) 049 (0.31) 0.175
JPE Flexion, cm 0.52 (0.30) 0.66 (0.49) 0.186
JPE Extension, cm 0.58 (0.29) 0.71 (0.50) 0.225
CCFT, mmHg 2767 (3.2) 24.32 (3.0) >0.000
Neck flexor muscle endurance (supine), sec 37.20 (19.8) 30.97 (27.0) 0.309
Neck flexor muscle endurance (sitting 45°), sec 122.10 (74.6) 82.77 (86.0) 0.062
Neck extensor test, sec 40.77 (32.7) 3339 (23.5) 0314
Examiner B - First assessment Control (n = 30) Patient (n = 31) P-value for group differencet
JPE Rotation, cm 0.36 (0.19) 0.53 (0.28) 0.007
JPE Flexion, cm 046 (0.30) 0.50(0.38) 0.126
JPE Extension, cm 0.44 (0.20) 0.66 (0.46) 0.023
CCFT, mmHg 2747 (2.6) 2387 (3.1) >0.000
Neck flexor muscle endurance (supine), sec 42.70 (21.8) 33.65 (42.5) 0.301
Neck flexor muscle endurance (sitting 45°), sec 95.60 (42.3) 75.00 (68.83) 0.166
Neck extensor test, sec 45.13 (29.4) 31.77 (19.9) 0.042

Cm = centimeters, mmHg = millimeters mercury, sec = seconds, JPE = Joint position error, CCFT = Cranio-Cervical Flexion Test. *Values are the mean + SD. t P
values are based on 2-sample independent t-tests. Bold numbers = P values less than 0.05.
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Table 6 Endurance measures from first and second assessment session*

First assessment, First assessment, P-value for Second Second P-value for
first test (n = 63) second test group ment, ment, second group
(n=63) differencet first test (n = 61) test (n = 61) differencet
Neck flexor muscle endurance test 36.40 (33.25) 30.92 (25.92) 0.305 34.03 (23.74) 38.10 (33.94) 0.445
(supine), holding time, sec
Neck flexor muscle endurance test 82.33 (57.23) 72.70 (52.83) 0328 102.11 (82.34) 85.13 (57.81) 0.190
(sitting 45°), holding time, sec
Neck extensor test, holding time, sec 36.21 (25.09) 33,51 (23.56) 0.535 37.02 (28.39) 3834 (25.72) 0.787

Sec = seconds. * Values presented are mean + SD. t P values are based on 2-sample independent t-tests.

and intra-rater reliability of neck rotation did not differ
significantly from neck flexion or neck extension, despite
the fact that calculations of ICC values for neck rotation
were based on six trials (left and right), while ICC values
for neck extension and neck flexion were only based on
three trials each. A direct comparison to earlier studies
should, however, be made with caution, since the methods
of measurement are not directly comparable [50,51]. Sec-
ondly, age has been reported as one factor that can affect
an individual’s ability to accurately reposition their head to
a neutral position [71]. In the present study the patients
are significantly older than the healthy subjects, which
could have increased a difference in results. In spite of this
the majority of our findings indicate that there are no sig-
nificant differences between patients with neck pain and
healthy subjects. Thirdly, a tendency to overshoot the tar-
get position has been found in patients with neck pain
[32,45,71]. Unfortunately, data collection in the present
study does not allow for investigation of a consistently
over- or undershooting as part of the observed outcome
variability. Fourthly, Treleaven et al. reported significantly
larger errors in neck extension and rotation (to the right)
in patients with whiplash when compared with controls
[48]. However, our findings do not show a similar pattern.
Only data from examiner B show significant differences
between patients with neck pain and healthy subjects.
Likewise, the differences observed for neck extension were
only present at the second assessment session, not at the
first assessment session. Possible explanations for these in-
consistent findings include inadequate sample size and
measurement error, since our study was not designed to
detect differences between groups. Even though significant
differences were found, the mean differences are all
smaller than the tests’ measurement errors (Tables 2-3),
which indicate that the differences observed may not be
evidence of a true difference, but rather can be explained
as measurement error. Therefore, our results should be
interpreted with caution.

The cranio-cervical flexion test

For the CCFT, our findings demonstrated substantial to
almost perfect intra-rater reliability and almost perfect
inter-rater reliability. These findings are consistent with

the existing literature [29,34,36,37]. However, there is a
tendency for higher ICC values to be reported with an
increased number of trials performed [34,36,37]. When
performing the CCFT, progressive nodding action in-
creased the pressure from the baseline of 20 mmHg to
22, 24, 26, 28 and 30 mmHg. Despite the fact that the
CCFT was found to be fairly reliable, the LOA and SDC
were substantial (ranking between 4.11 and 5.11 mmHg).
As a result, a change in score has to be at least 5 mmHg
to be interpreted as a real change [61,72]. As previously
reported [12,28,29,35], patients with neck pain demon-
strated a reduced ability to activate the deep neck flexors,
when compared with healthy subjects (Tables 4-5).

Muscle endurance tests

The NFME test (supine version) has previously been
found reliable [25-27,38-42]. Similarly, we found this
test to have substantial inter- and intra-rater reliability.
However, broad LOAs were determined for inter- and
intra-rater reliability, indicating limited agreement be-
tween the examiners. SEM also revealed large measure-
ment errors, with an estimation of 40 sec, estimated as
the minimum detectable change. Edmondston et al. re-
ported almost perfect intra-rater reliability with a mini-
mum change of 17.8 sec representing a true change [25].
The mean holding time reported (=50 sec) was almost
twice the holding time reported in the current study
(Table 6). However, their patient population was some-
what younger (mean age: 36 +11) than the current pa-
tient population, which could explain the differences in
holding time [73]. Previous studies have reported re-
duced holding time (i.e., reduced isometric neck flexor
muscle endurance) in patients with neck pain, when
compared with a healthy population (measured with the
neck flexor muscle endurance test) [27,44]. All three
muscle performance tests indicated a tendency towards
shorter holding time in patients compared with healthy
subjects, although the differences were not statistically
significant (Tables 4-5). Due to the fact that patients
with neck pain often are unable to perform the supine
version of the NFME test, a modified version is often ap-
plied in clinical practice. The modified upright sitting
version decreases the load on the neck, which for
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patients enables performance. By and large, our results
imply that this modified version is not as reliable as the
original supine version (Tables 2—3). The SDC for the
sitting version was above 97 sec (Table 2), which is lon-
ger than the actual holding time observed for both
healthy subjects and patients with neck pain, implying
that changes in scores should be interpreted with cau-
tion. Possible confounding factors include the presence
or increase of neck pain and the number of trials per-
formed. Olson et al. [40] and Grimmer et al. [26] re-
ported a systematic improvement in performance from a
first to a second test [26,40] even through the tests were
performed so close in time that no significant increase
in muscle strength was expected. Such a learning curve
could have affected the NFME test, increasing the vari-
ability of the test results. However, no statistically signifi-
cant differences were found between the first and the
second test indicating a learning curve did in fact not
take place (Table 6).

The neck extensor test

Despite the use of a standardised protocol, the overall
level of reliability for the NET was poor, suggesting that
this test is too unstable to be used to evaluate neck ex-
tensor muscle endurance. Several factors may have con-
tributed to the discrepant findings. Firstly, some of the
patients experienced increased pain during the muscle
endurance performance tests and neck pain has in pa-
tients been shown to affect muscle performance [74,75].
Secondly, the order of the five muscle performance tests
was random. Muscle fatigue has been found to influence
muscle performance in patients with neck pain [76,77].
Theoretically, if the NET was performed last, muscle fa-
tigue might have affected the outcome in both patients
with neck pain and healthy subjects. However, post hoc
analysis showed no statistically significant differences be-
tween the first and the second assessment performed on
the same day (Table 6), which indicates that muscle fa-
tigue did not influence the test results. Thirdly, even
though great effort was invested into standardising the
test protocol, it cannot be ruled out that discrepancy be-
tween test procedures could have affected the results.

Test procedures

Test procedures for the CCFT, the NFME tests and the
NET entailed each test only being performed once. This
was done to replicate a clinical setting, where limited
consultation time and the patient’s pain condition often
confines the amount of test trials performed. In order to
facilitate standardised test procedures that could be
implemented in a clinic, we used inexpensive, easily ac-
cessible equipment, which allowed us, for example, to
establish easily detectable cut off points at which muscle
fatigue occurred and thereby reduce measurement error.
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Nevertheless, significant diversity was observed across
the four muscle performance tests.

Study strengths and limitations

The order of the examiner was random. This was done
in order to avoid introducing measurement bias. How-
ever, some of the muscle performance tests aimed at
measuring muscle endurance, which could have initiated
muscle fatigue. If so, muscle fatigue would have oc-
curred after performing the first set of muscle perform-
ance tests. This could theoretically have affected the
outcome of the second set of muscle performance tests.
Nevertheless, no statistically significant differences were
found between the first and the second assessment for
any of the muscle endurance tests (Table 6), which indi-
cate that this was in fact not the case.

Despite a sufficient sample size (>50 participants) we
found very broad 95% confidence intervals, which points
to an inadequate sample size. A post hoc analysis was
conducted to compare the results from patients with
neck pain and healthy subjects. This was done in order
to explore whether lack of variability among healthy
subjects partly could explain our present findings. Fur-
thermore, a difference between patients with neck pain
and healthy subjects could point to relevant test candi-
dates for future studies of specificity. However, due to
the small sample size in the present study caution
should be made when interpreting the results.

Inter-rater reliability reflects within-day comparison of
the results. This may not mimic clinical practice as
muscle endurance tests are often repeated after several
days. Assessment of the between-day inter-rater reliabil-
ity is likely to result in greater differences. Likewise, the
use of recently certified physiotherapists may have con-
tributed to the variation. More experienced clinicians
might have achieved more reliable results, since the level
of clinical skills needed to conduct the muscle perform-
ance tests are somewhat high. On the other hand re-
cently certified physiotherapists may tend to follow the
written protocol of procedures more strictly as they have
no empirical routine to rely on. However, in both cases
the findings presented in the present study are only re-
lated to test procedures performed in a similar manner.
The present study replicated a clinical setting, with a
broad range of therapists, including a large group with
limited experience. An assessment tool has only limited
clinical value if it takes years of practice to be able to re-
produce stable results.

Conclusions

This study investigates the reliability of five neck muscle
performance tests using cost- and time-effective methods
similar to those used in daily clinical practice in physio-
therapy. Intra- and inter-rater reliability ranged from
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moderate to almost perfect agreement with the exception
of a new test (neck extensor test), which ranged from
slight to moderate agreement. The significant variability
observed suggests that tests like the NET and the modified
NEME test (sitting version) are too unstable to use when
evaluating muscle performance. Furthermore, determining
the smallest detectable change for the CCFT revealed that
a change in score has to be at least 5 mmHg to be inter-
preted as a real change.

Consent

Written informed consent was obtained from the patient
for the publication of this report and any accompanying
images.

Abbreviations

COSMIN: COnsensus-based Standards for the selection of health status
Measurement INstruments; ICC: Intraclass Correlation Coefficient;

Cl: Confidence Interval; SEM: Standard Error of Measurement; LOA: Limits Of
Agreement; SDC: Smallest Detectable Change; CCFT: Cranio-Cervical Flexion
Test; NFME: Neck Flexor Muscle Endurance (test); JPE: Joint Position Error;
IAMMM: International Academy of Manual/Musculoskeletal Medicine;

VAS: Visual Analogue Scale; NDI: Neck Disability Index; ADL: Activities of Daily
Living; NET: Neck Extensor Test.

Competing interests

The authors declare that they have no financial affiliation (including research
funding) or involvement with any commercial organization that has a direct
financial interest in any matter included in this manuscript. The authors
declare that they have no conflict of interests.

Authors’ contributions

TJ was involved in the planning of the study design, data acquisition, the
data analysis and writing the paper. HL, FE and KS contributed to the
analysis and interpretation of the data as well as study conception and
design. All authors were involved in drafting the article or revising it critically
for important intellectual content and all authors approved the final version
of the manuscript.

Acknowledgements

This study was supported by grants from The Practice Foundation and The
University of Southern Denmark. The authors would like to acknowledge
physiotherapist Signe Hjort Kristensen, Thomas Brik Kjeer Jensen and Sabrina
Kerch Hansen for helping with the data collection.

Author details

'Institute of Sports Science and Clinical Biomechanics, The University of
Southern Denmark, Odense, Denmark. 2CopenRehab, Section of Social
Medicine, Department of Public Health, Faculty of Health Sciences, University
of Copenhagen, Copenhagen, Denmark. 3FYSIQ Tarnby, Copenhagen,
Denmark.

Received: 2 May 2013 Accepted: 22 November 2013
Published: 3 December 2013

References

1. Hogg-Johnson S, van der Velde G, Carroll LJ, Holm LW, Cassidy JD, Guzman
J, Cote P, Haldeman S, Ammendolia C, Carragee E: The burden and
determinants of neck pain in the general population: results of the bone
and joint decade 2000-2010 task force on neck pain and its associated
disorders. Spine (Phila Pa 1976) 2008, 33:539-S51.

2. lIhlebaek C, Brage S, Eriksen HR: Health complaints and sickness absence
in Norway, 1996-2003. Occup Med (Lond) 2007, 57:43-49.

3. Nakamura M, Nishiwaki Y, Ushida T, Toyama Y: Prevalence and
characteristics of chronic musculoskeletal pain in Japan. J Orthop Sci
2011, 16:424-432.

20.

21

22.

23.

24.

25.

26.

27.

Page 13 of 15

Lotters F, Burdorf A: Prognostic factors for duration of sickness absence
due to musculoskeletal disorders. Clin J Pain 2006, 22:212-221.

1J'W, Burdorf A: Risk factors for musculoskeletal symptoms and ensuing
health care use and sick leave. Spine (Phila Pa 1976) 2005, 30:1550-1556.
Hansson EK, Hansson TH: The costs for persons sick-listed more than one
month because of low back or neck problems. A two-year prospective
study of Swedish patients. Eur Spine J 2005, 14:337-345.

Daffner SD, Hilibrand AS, Hanscom BS, Brislin BT, Vaccaro AR, Albert TJ:
Impact of neck and arm pain on overall health status. Spine (Phila Pa
1976) 2003, 28:2030-2035.

Wallin MK, Raak RI: Quality of life in subgroups of individuals with
whiplash-associated disorders. Eur J Pain 2008, 12:842-849.

Barton PM, Hayes KC: Neck flexor muscle strength, efficiency, and
relaxation times in normal subjects and subjects with unilateral neck
pain and headache. Arch Phys Med Rehabil 1996, 77:680-687.

Chiu TT, Sing KL: Evaluation of cervical range of motion and isometric neck
muscle strength: reliability and validity. Clin Rehabil 2002, 16:851-858.

Falla D, Farina D: Neural and muscular factors associated with motor
impairment in neck pain. Curr Rheumatol Rep 2007, 9:497-502.

Falla DL, Jull GA, Hodges PW: Patients with neck pain demonstrate
reduced electromyographic activity of the deep cervical flexor muscles
during performance of the craniocervical flexion test. Spine (Phila Pa
1976) 2004, 29:2108-2114.

Ylinen J, Salo P, Nykanen M, Kautiainen H, Hakkinen A: Decreased isometric
neck strength in women with chronic neck pain and the repeatability of
neck strength measurements. Arch Phys Med Rehabil 2004, 85:1303-1308.
Lee H, Nicholson LL, Adams RD, Bae SS: Proprioception and rotation range
sensitization associated with subclinical neck pain. Spine (Phila Pa 1976)
2005, 30:E60-E67.

Sjolander P, Michaelson P, Jaric S, Djupsjobacka M: Sensorimotor
disturbances in chronic neck pain-range of motion, peak velocity,
smoothness of movement, and repositioning acuity. Man Ther 2008,
13:122-131.

Sterling M, Jull G, Vicenzino B, Kenardy J, Darnell R: Development of motor
system dysfunction following whiplash injury. Pain 2003, 103:65-73.
Treleaven J, Jull G, Sterling M: Dizziness and unsteadiness following
whiplash injury: characteristic features and relationship with cervical
joint position error. J Rehabil Med 2003, 35:36-43.

Falla D, Jull G, Russell T, Vicenzino B, Hodges P: Effect of neck exercise on
sitting posture in patients with chronic neck pain. Phys Ther 2007,
87:408-417.

Hurwitz EL, Carragee EJ, van der Velde G, Carroll LJ, Nordin M, Guzman J,
Peloso PM, Holm LW, Cote P, Hogg-Johnson S: Treatment of neck pain:
noninvasive interventions: results of the bone and joint decade
2000-2010 task force on neck pain and its associated disorders.

Spine (Phila Pa 1976) 2008, 33:5123-S152.

Jull G, Falla D, Treleaven J, Hodges P, Vicenzino B: Retraining cervical joint
position sense: the effect of two exercise regimes. J Orthop Res 2007,
25:404-412.

Jull GA, Falla D, Vicenzino B, Hodges PW: The effect of therapeutic
exercise on activation of the deep cervical flexor muscles in people with
chronic neck pain. Man Ther 2009, 14:696-701.

Viljanen M, Malmivaara A, Uitti J, Rinne M, Palmroos P, Laippala P:
Effectiveness of dynamic muscle training, relaxation training, or ordinary
activity for chronic neck pain: randomised controlled trial. BMJ 2003,
327:475.

Ylinen J, Hakkinen A, Nykanen M, Kautiainen H, Takala EP: Neck muscle
training in the treatment of chronic neck pain: a three-year follow-up
study. Fura Medicophys 2007, 43:161-169.

De Koning CH, van den Heuvel SP, Staal JB, Smits-Engelsman BC, Hendriks
EJ: Clinimetric evaluation of methods to measure muscle functioning

in patients with non-specific neck pain: a systematic review.

BMC Musculoskelet Disord 2008, 9:142.

Edmondston SJ, Wallumrod ME, Macleid F, Kvamme LS, Joebges S, Brabham
GC: Reliability of isometric muscle endurance tests in subjects with
postural neck pain. J Manipulative Physiol Ther 2008, 31:348-354.

Grimmer K: Measuring endurance capacity of the cervical short flexor
muscle group. Aust J Physiother 1994, 40:251-254.

Harris KD, Heer DM, Roy TC, Santos DM, Whitman JM, Wainner RS:
Reliability of a measurement of neck flexor muscle endurance. Phys Ther
2005, 85:1349-1355.



Juul et al. BMC Musculoskeletal Disorders 2013, 14:339
http://www.biomedcentral.com/1471-2474/14/339

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51

Jull G: Deep cervical flexor muscle dysfunction in whiplash. J Muscoskel
Pain 2000, 8:12.

Jull G, Barrett C, Magee R, Ho P: Further clinical clarification of the muscle
dysfunction in cervical headache. Cephalalgia 1999, 19:179-185.

Jull GA, O'Leary SP, Falla DL: Clinical assessment of the deep cervical
flexor muscles: the craniocervical flexion test. J Manipulative Physiol Ther
2008, 31:525-533.

Kristiansson E, Hardardottir L, Asmundardottir M, Gudmundsson K: A new
clinical test for cervicocephalic kinesthetic sensibility: “the fly”. Arch Phys
Med Rehabil 2004, 85:490-495.

Revel M, Andre-Deshays C, Minguet M: Cervicocephalic kinesthetic
sensibility in patients with cervical pain. Arch Phys Med Rehabil 1991,
72:288-291.

Rix GD, Bagust J: Cervicocephalic kinesthetic sensibility in patients with
chronic, nontraumatic cervical spine pain. Arch Phys Med Rehabil 2001,
82:911-919.

Arumugam A, Mani R, Raja K: Interrater reliability of the craniocervical
flexion test in asymptomatic individuals-a cross-sectional study.

J Manipulative Physiol Ther 2011, 34:247-253.

Chiu TT, Law EY, Chiu TH: Performance of the craniocervical flexion test in
subjects with and without chronic neck pain. J Orthop Sports Phys Ther
2005, 35:567-571.

Hudswell SVMM, Lucas N: The cranio-cervical flexion test using pressure
biofeedback : a useful measure of cervical dysfunction in the clinical
setting? Int J Osteopath Med 2005, 8:98-105.

James G, Doe T: The craniocervical flexion test: intra-tester reliability in
asymptomatic subjects. Physiother Res Int 2010, 15:144-149.

Blizzard L, Grimmer KA, Dwyer T: Validity of a measure of the frequency of
headaches with overt neck involvement, and reliability of measurement
of cervical spine anthropometric and muscle performance factors.

Arch Phys Med Rehabil 2000, 81:1204-1210.

Horneij E, Holmstrom E, Hemborg B, Isberg P, Ekdahl C: Inter-rater
reliability and between-days repeatability of eight physical performance
tests. Adv Physiol Educ 2002, 4:146-160.

Olson LE, Millar AL, Dunker J, Hicks J, Glanz D: Reliability of a clinical test
for deep cervical flexor endurance. J Manipulative Physiol Ther 2006,
29:134-138.

Wang WT, Olson SL, Campbell AH, Hanten WP, Gleeson PB: Effectiveness of
physical therapy for patients with neck pain: an individualized approach
using a clinical decision-making algorithm. Am J Phys Med Rehabil 2003,
82:203-218. quiz 219-221.

Cleland JA, Childs JD, Fritz JM, Whitman JM: Interrater reliability of the
history and physical examination in patients with mechanical neck pain.
Arch Phys Med Rehabil 2006, 87:1388-1395.

Domenech MA, Sizer PS, Dedrick GS, McGalliard MK, Brismee JM: The deep
neck flexor endurance test: normative data scores in healthy adults.
PMR 2011, 3:105-110.

Kumbhare DA, Balsor B, Parkinson WL, Harding Bsckin P, Bedard M,
Papaioannou A, Adachi JD: Measurement of cervical flexor endurance
following whiplash. Disabil Rehabil 2005, 27:801-807.

Heikkila HV, Wenngren BI: Cervicocephalic kinesthetic sensibility, active
range of cervical motion, and oculomotor function in patients with
whiplash injury. Arch Phys Med Rehabil 1998, 79:1089-1094.

Lee HY, Wang JD, Yao G, Wang SF: Association between cervicocephalic
kinesthetic sensibility and frequency of subclinical neck pain. Man Ther
2008, 13:419-425.

Roren A, Mayoux-Benhamou MA, Fayad F, Poiraudeau S, Lantz D, Revel M:
Comparison of visual and ultrasound based techniques to measure head
repositioning in healthy and neck-pain subjects. Man Ther 2009, 14:270-277.
Treleaven J, LowChoy N, Darnell R, Panizza B, Brown-Rothwell D, Jull G:
Comparison of sensorimotor disturbance between subjects with persistent
whiplash-associated disorder and subjects with vestibular pathology
associated with acoustic neuroma. Arch Phys Med Rehabil 2008, 89:522-530.
Kristjansson E, Dall'Alba P, Jull G: Cervicocephalic kinaesthesia: reliability of
a new test approach. Physiother Res Int 2001, 6:224-235.

Pinsault N, Fleury A, Virone G, Bouvier B, Vaillant J, Vuillerme N: Test-retest
reliability of cervicocephalic relocation test to neutral head position.
Physiother Theory Pract 2008, 24:380-391.

Swait G, Rushton AB, Miall RC, Newell D: Evaluation of cervical
proprioceptive function: optimizing protocols and comparison between
tests in normal subjects. Spine (Phila Pa 1976) 2007, 32:E692-E701.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

75.

Page 14 of 15

Kramer M, Honold M, Hohl K, Bockholt U, Rettig A, Elbel M, Dehner C:
Reliability of a new virtual reality test to measure cervicocephalic
kinaesthesia. J Electromyogr Kinesiol 2009, 19:e353-e361.

Strimpakos N, Sakellari V, Gioftsos G, Kapreli E, Oldham J: Cervical joint
position sense: an intra- and inter-examiner reliability study. Gait Posture
2006, 23:22-31.

Humphreys BK: Cervical outcome measures: testing for postural stability
and balance. J Manipulative Physiol Ther 2008, 31:540-546.

Falla D, Jull G, Hodges PW: Feedforward activity of the cervical flexor
muscles during voluntary arm movements is delayed in chronic neck
pain. Exp Brain Res 2004, 157:43-48.

Ljungquist T, Harms-Ringdahl K, Nygren A, Jensen I: Intra- and inter-rater
reliability of an 11-test package for assessing dysfunction due to back or
neck pain. Physiother Res Int 1999, 4:214-232.

Elliott J, Jull G, Noteboom JT, Damell R, Galloway G, Gibbon WW: Fatty
infiltration in the cervical extensor muscles in persistent whiplash-associated
disorders: a magnetic resonance imaging analysis. Spine (Phila Pa 1976) 2006,
31:E847-E855.

Kahkeshani K, Ward PJ: Connection between the spinal dura mater and
suboccipital musculature: evidence for the myodural bridge and a route
for its dissection-a review. Clin Anat 2012, 25:415-422.

McPartland J, Brodeur RR, Hallgren RC: Chronic neck pain, standing
balance, and suboccipital muscle atrophy-a pilot study. J Manipulative
Physiol Ther 2005, 20:24-29.

Rezasoltani A, Ali-Reza A, Khosro KK, Abbass R: Preliminary study of neck
muscle size and strength measurements in females with chronic non-
specific neck pain and healthy control subjects. Man Ther 2010, 15:400-403.
De Vet HC, Terwee CB, Knol DL, Bouter LM: When to use agreement
versus reliability measures. J Clin Epidemiol 2006, 59:1033-1039.

Enoch F, Kjaer P, Elkjaer A, Remvig L, Juul-Kristensen B: Inter-examiner
reproducibility of tests for lumbar motor control. BMC Musculoskelet
Disord 2011, 12:114.

Protocol Formats for Diagnostic Procedures in Manual/Musculoskeletal
Medicine. http://www.iammm.net/?Protocol _Formats.

Rubinstein SM, Pool JJ, Van Tulder MW, Riphagen I, de Vet HC Il: A
systematic review of the diagnostic accuracy of provocative tests of the
neck for diagnosing cervical radiculopathy. Eur Spine J 2007, 16:307-319.
Rubinstein SM, Van Tulder M: A best-evidence review of diagnostic
procedures for neck and low-back pain. Best Pract Res Clin Rheumatol
2008, 22:471-482.

Vernon H, Mior S: The neck disability index: a study of reliability and
validity. J Manipulative Physiol Ther 1991, 14:409-415.

Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, Bouter
LM, De Vet HC: The COSMIN checklist for assessing the methodological
quality of studies on measurement properties of health status
measurement instruments: an international Delphi study. Qual Life Res
2010, 19:539-549.

Bland JM, Altman DG: Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986, 1:307-310.
Landis JR, Koch GG: The measurement of observer agreement for
categorical data. Biometrics 1977, 33:159-174.

Terwee CB, Bot SD, De Boer MR, van der Windt DA, Knol DL, Dekker J,
Bouter LM, De Vet HC: Quality criteria were proposed for measurement
properties of health status questionnaires. J Clin Epidemiol 2007, 60:34-42.
Teng CC, Chai H, Lai DM, Wang SF: Cervicocephalic kinesthetic sensibility
in young and middle-aged adults with or without a history of mild neck
pain. Man Ther 2007, 12:22-28.

Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, Bouter
LM, De Vet HC: The COSMIN study reached international consensus

on taxonomy, terminology, and definitions of measurement properties
for health-related patient-reported outcomes. J Clin Epidemiol 2010,
63:737-745.

Hamberg-van Reenen HH, van der Beek AJ, Blatter BM, Van Mechelen W,
Bongers PM: Age-related differences in muscular capacity among
workers. Int Arch Occup Environ Health 2009, 82:1115-1121.

Falla D, O'Leary S, Farina D, Jull G: The change in deep cervical flexor
activity after training is associated with the degree of pain reduction in
patients with chronic neck pain. Clin J Pain 2012, 28:628-634.

Lindstrom R, Schomacher J, Farina D, Rechter L, Falla D: Association
between neck muscle coactivation, pain, and strength in women with
neck pain. Man Ther 2011, 16:80-86.


http://www.iammm.net/?Protocol_Formats

Juul et al. BMC Musculoskeletal Disorders 2013, 14:339 Page 15 of 15
http://www.biomedcentral.com/1471-2474/14/339

76. Falla D, Jull G, Hodges P, Vicenzino B: An endurance-strength training
regime is effective in reducing myoelectric manifestations of cervical
flexor muscle fatigue in females with chronic neck pain. Clin Neurophysiol
2006, 117:828-837.

77.  Strimpakos N: The assessment of the cervical spine. Part 1: range of
motion and proprioception. J Bodyw Mov Ther 2011, 15:114-124.

doi:10.1186/1471-2474-14-339

Cite this article as: Juul et al: The intra- and inter-rater reliability of five
clinical muscle performance tests in patients with and without neck
pain. BMC Musculoskeletal Disorders 2013 14:339.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Examiners
	Participants
	Data collection
	Muscle performance tests
	Joint position error (head repositioning)
	Cranio-cervical flexion test
	Muscle endurance tests
	Neck extensor test

	Statistical analysis

	Results
	Intra-rater reliability
	Joint position error (head repositioning)
	Cranio-cervical flexion test
	Muscle endurance tests
	Neck extensor test

	Inter-rater reliability
	Joint position error (head repositioning)
	Cranio-cervical flexion test
	Muscle endurance tests
	Neck extensor test
	Comparison of the results from the five muscle performance tests


	Discussion
	Joint position sense
	The cranio-cervical flexion test
	Muscle endurance tests
	The neck extensor test
	Test procedures
	Study strengths and limitations

	Conclusions
	Consent
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


