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Abstract
Objectives
An important component of assessment-based physiotherapy
management of patients with headache is a thorough physical
examination to identify musculoskeletal dysfunctions. A recently
published international consensus study identified 11 clinically
useful headache assessment tests (HATs). Test properties are
not yet documented for all HATs. Different rating methods include
absolute values and a 0-100 visual analog scale (VAS) to indicate
the clinical relevance of a test.
Methods
To evaluate the inter-rater reliability of different scales, two manual
therapists, blinded towards the diagnosis, examined 25 patients
with headache and 25 headache-free controls. Inter-rater reliability
was evaluated using the intraclass correlation coefficient and
Bland-Altman plots for interval data; Cohen‘s kappa and Gwet´s AC
for categorical data.
Results
Substantial to excellent reliability (Gwet´s AC or ICC > 0.7) was
observed for flexion-rotation test, muscle strength, upper cervical
quadrant, the examination of active range of motion and reproduction
and resolution of symptoms. Forward-head posture, cranio-cervical
flexion test, passive accessory intervertebral movements and
the observation of latent trigger points, showed moderate levels
of interrater agreement (Gwet´s AC or ICC> 0.5), all other tests
showed only low levels of agreement.
Discussion
We recommend a 0-100 scale to indicate the clinical relevance
of a test result. Substantial to excellent reliability (ICC > 0.7) was
observed for active range of motion, trigger point palpation and
upper cervical quadrant. Reliability was higher in the headache
group. VAS can be handled as interval data; for clinical purposes
it can be dichotomised at a cut-off point at 20 mm to indicate a
positive or negative test result.
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Introduction
The lifetime prevalence of any headache is more than 90% in
the European population, indicating the relevance and burden of
headache [1]. Tension-type headache (TTH) and migraine are the
most common recurrent headache types with prevalence’s of 20.77%
and 14.7%, respectively [2]. Headache compromises a person's quality
of life, their functional capability and their work capacity and results
in high socioeconomic cost mainly due to days off work [3-9]. While
the diagnosis of headache mainly relies on the subjective examination
or patient interview, an important component of patient-centered,
assessment-based physiotherapy management is a thorough physical
examination. Hall et al. propose that only patients with a cervical
movement dysfunction are likely to respond to physiotherapy and
highlight the importance of physical examination to identify such
treatable dysfunctions [10]. In a systematic review, Howard et al.
provide an overview of published manual examination techniques in
the diagnosis of cervicogenic headache [11]. The tests included are:
flexion-rotation test (FRT), active range of cervical motion (AROM),
passive accessory intervertebral movements (PAIVMs), passive
physiological intervertebral movements (PPIVMs), cervical muscle
strength, cross-sectional area measurements of cervical extensors,
cranio-cervical flexion test (CCFT), palpation for trigger-points (TPs),
pressure pain thresholds, and cervical kinesthetic sense/joint position
sense. An additional test that has been recommended for cervicogenic
headache, but not for migraine, is the forward head posture (FHP)
[12-14]. Other tests that have been suggested for cervicogenic as
well as other headache types include the temporomandibular joint
assessment and neurodynamic testing [15]. To use all tests during an
initial physiotherapy examination is infeasible; hence, the therapist
has to choose the appropriate tests based on information from the
patient interview and the clinical reasoning process. It is likely to
therapists often rely on favored techniques; therefore important
information might be missed using this unguided approach. Recently,
an international consensus was published that identified the clinically
most useful physical examination tests. Eleven headache assessment
tests (HATs) were identified, and agreed upon by the experts on
as the most useful to detect potentially treatable musculoskeletal
dysfunctions in patients with headaches. These HATs were: FHP,
cervical AROM, FRT, TP palpation, and muscle strength tests of
the shoulder girdle, CCFT, PAIVMs, reproduction and resolution
of headaches symptoms, PPIVMs, screening of the thoracic spine
and combined cervical movement tests (upper cervical quadrant).
However, these tests are only the minimum standard for the physical
examination and additional tests might be required in specific clinical
situations such as facial pain, dizziness or neuropathic pain [16].
While this expert opinion serves as initial guidance for the physical
examination of patients with headache, HATs need to be interpreted
with caution, until test properties have been evaluated for all included
tests. Recently, Rubio-Ochoa et al. provided an overview of all
published clinometric properties of physical examination tests for
cervicogenic headache [17]. The inter-rater reliability was evaluated
for PAIVMs [kappa 0.68 and PABAK 0.74 (prevalence-adjusted and
bias-adjusted)], cervical AROM (kappa 0.08 to 0.89) and for the FRT
(PABAK 0.67 to 0.85) in cervicogenic headache populations. For
other HATs, inter-rater reliability has only been evaluated in nonheadache populations, e.g. TP palpation and FHP were evaluated in
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patients suffering from neck or shoulder pain (ICC 0.62 and 0.83,
respectively) or in healthy subjects (FHP: ICC 0.75), CCFT in persons
with and without neck pain (ICC 0.69) and PPIVMS in patients with
low back pain (weighted kappa 0.11 to 0.32) and neck pain (kappa
0.28-0.43 or kappa 0.09-0.63) [18-24]. The results for inter-rater
reliability of combined cervical movement (upper cervical quadrant)
varied from kappa 0.15 (movement to the right) to 0.61 (movement
to the left) in patients with neck pain [24]. Reliability of thoracic
mobility assessment was described as poor in patients with shoulder
pain [25]. No reports for the inter-rater reliability of shoulder girdle
muscle strength testing and reproduction and resolution could be
identified. Furthermore, different rating methods are available for the
different tests: e.g. active range of movement is commonly measured
using degrees of movement using a cervical range of motion device
(CROM) (absolute value in degrees). Manual joint palpation on the
other hand is usually reported on a binary scale (joint dysfunction
/ no joint dysfunction). In a reliability study for the flexion-rotation
test, Hall et al. measured degrees of rotation using a goniometer and
added a binary test evaluation (test result is positive or negative) [26].
Interestingly the inter-rater agreement for inexperienced examiners
was higher for the binary test than for the absolute values of the
goniometer measurements. In that study, the decision whether a test
result is positive, was based on the estimated range of motion (10°
difference from the normal value of 44° rotation). Such numerical
cut-off values are not available for all tests due to the nature of some
tests (i.e. manual joint palpation, passive physiological intervertebral
movements). Hence, the decision whether a test is considered positive
or negative for these tests relies on the therapists’ perception of altered
joint mobility or on the patient’s response to a test (i.e. pain, muscle
contraction). We therefore propose a method to further refine such
clinical test results on a visual analog scale (VAS) from 0 to 100 to
indicate how clinically relevant the test result was. For the purpose of
HATs evaluation, 0 would indicate a negative test result (no relevant
clinical finding) and 100 would indicate an extremely relevant clinical
finding. The advantage of this type of measurement is, that all tests can
be evaluated on the same scale while offering more response options
than a binary assessment method. The rating of the clinical relevance
of a test result closely reflects a clinician’s decision making during the
physical examination procedure. In order to decide on a potentially
effective treatment strategy, the evaluation of tests is crucial. Clinically,
tests are not always measured in degrees or centimetres, but e.g.
range of motion is estimated (“eyeballed”) differences in sides and
directions are compared and symptom responses are noted. Clinical
decisions will therefore often be based on the overall impression of a
test and not necessarily on a numerical cut-off value. This procedure
is reflected by the 0-100 VAS for clinical relevance. Furthermore, the
VAS is considered a linear scale providing all the statistical advantages
of interval level scaled data [27,28]. The purpose of this study was
therefore, to evaluate the inter-tester reliability of key tests for all
components of the HATs identified in the international consensus
study and to compare two different rating options regarding their
level of inter-rater reliability.

Materials and Methods
The study presented in this article is reported in line with and
based on the background of the Guidelines for Reporting Reliability
and Agreement Studies (GRRAS) [29]. Following the informed
consent procedure, participants with and without headache were
examined by two physiotherapists blinded towards the diagnosis
and using clinically feasible key tests to represent the HATs included
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in the international consensus study. A third researcher (to ensure
blinding of the physiotherapists conducting the physical examination)
arranged the appointments and instructed all participants prior
to the examination not to reveal their status as a patient or control
participant. This was important to allow for an unbiased examination
of the patient. The second examination was conducted 30 minutes
after the first examination. The order of the two examiners was
randomised using a computer generated randomisation list. Following
this procedure, the examiners were blinded towards the diagnosis and
towards the other examiner’s test results. The order of the clinical tests
was standardized as follows:
FHP 2. Cervical AROM 3. Upper cervical quadrant 4. PPIVM’s
5. FRT 6. TP palpation 7. CCFT 8. Muscle test of the upper trapezius
muscle 9. PAIVM’s, 10. Reproduction and resolution 11. Screening
of the thoracic spine.

Eligibility criteria
Patients were recruited at a specialised university headache clinic
and diagnosed by experienced neurologists according to the current
IHS criteria [30]. Included were consecutive patients diagnosed with
either episodic or chronic migraine (with or without aura) or TTH, with
and without symptom contributions from the neck. Patients were not
included if they additionally suffered from a diagnosed cervical spine
pathology, rheumatoid, neurological or psychiatric disease. Other
exclusion criteria were cervical spine surgery or whiplash associated
disorder in the past 2 years. Headache-free participants were recruited
by online advertising, age and gender-matched, and included if they
had less than three headache episodes per year that did not fulfill the
criteria for migraine or TTH or any other primary headache type. The
same exclusion criteria as for the headache patients, applied to the
headache-free participants.

Sample size
For categorical data, many chance-corrected reliability
coefficients are based on the percent agreement; therefore we followed
the recommendations of Gwet and determined the sample size on the
percent agreement. The optimal sample size represents the number
of subjects that minimizes the standard error associated with the
percent agreement between two raters. Because we decided that it is
sufficient that the estimated percent agreement falls within 15% of its
true error-free value, we calculated the required sample size to be 44
subjects [31]. For interval scaled test results we used the ICC. For two
repeated measurements and an expected ICC of 0.8 with ± 0.1 95% CI
DeVet proposed a minimum of 50 subjects [32].

Examiners
Two experienced (> 7 years postgraduate) manual therapists with
similar postgraduate education background (Orthopaedic Manual
Therapy according to the standard of the International Federation
of Orthopaedic Manipulative Physical Therapists) and expertise in
the diagnosis and treatment of patients with headache, conducted
the physical examinations. Both examiners had been involved in
the development of the HATs protocol and the standardisation of
procedures, such as the order of tests, the number of repetitions for
each test and exact test procedure.

Headache assessment tests
All tests identified in the international consensus study as clinically
useful were included [16]. However, while some physical examination
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tests have been described in detail and can be applied in a standardised
manner based on the available literature (e.g. FRT), other tests are
less well described and had to be standardised for the purpose of this
study (procedures are detailed below) [26]. Care was taken to achieve
a test procedure that can be feasibly conducted during a standard
30-minutes physiotherapy appointment. To ensure a high level of
reproducibility of our data, all test procedures are detailed below.
References provided indicate publications that describe the same test
procedures in more detail. For each test, absolute measurement values
were recorded, the clinical decision whether this test was considered
positive by the examiner and a 0-100 VAS estimation of how clinically
relevant the test result was, were documented. Clinical indicators for
the decision of a positive or negative test result are presented in Table
1. This binary decision was used to calculate the best cut-off values for
each test. The order of the tests was standardised. Test results were
documented in a standardised protocol Figure 1.

extension sidebending right and left, rotation right and left
Measurements were recorded in degrees of movement [33].
Combined movements (Upper Cx Quadrant): Upper cervical
extension + rotation and ipsilateral lateral flexion [34]. This test was
chosen as the key test to represent the category combined cervical
movements. Test results were documented as hypomobility (yes=1;
no=0) and / or pain provocation (yes=1; no=0).
PPIVMs: Flexion, extension, lateral flexion right and left, rotation
right and left [34]. Test results were documented as hypomobility or
hypermobility or normal (yes=1; no=0).
FRT: Degrees of painfree cervical rotation in maximum cervical
flexion, additionally the provocation of symptoms was recorded as
yes=1 and no=0 [35].
Trigger point palpation: Four TPs sternocleidomastoid muscle
sternal head, 4 TPs masseter muscle, 3 TPs temporal muscle, 2 TPs
sub occipital muscles, 4 TPs trapezius muscle [36]. The number of
active and latent trigger points was recorded.

Procedures for each HAT
FHP: CROM device with forward head arm (Cervical Range
of Motion Instrument, Performance Attainment Associates, 1988,
University of Minnesota). Ventral translation was measured in
centimetres using C7 as a reference point and maintaining neutral
flexion/extension position. The seating posture was standardised
by returning to a relaxed position after 2 repetitions of maximum
upright and maximum slouched position [19].

Muscle tests shoulder girdle: The upper trapezius muscle was
chosen as the key muscle to represent the upper crossed syndrome
[37]. Active hold against maximum resistance without substitution of
the rhomboids or latissimus dorsi was considered normal and given
a value of 2, active hold was documented as a value of 1, no active
hold was given a value of 0. The patient was positioned in prone,
the scapula positioned in neutral (without excessive elevation and
rotation) and the arm placed in 180° elevation [38].

AROM (CROM device): Mean value of 3 repetitions: Flexion,

Table 1: Clinical indicators for a positive test results.
HAT

Test regarded positive if one of the listed findings was present:

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

FHP
AROM

Upper Cx Quadrant
PPIVMs
FRT

Trigger point palpation

Muscle tests shoulder girdle

Obvious ventral translation of the head
Symptom change on posture correction [19]
Marked movement restriction
Marked side difference
Symptom provocation [39]
Marked movement restriction
Marked side difference
Symptom provocation [34]
Marked movement restriction
Marked side difference [34]
Marked movement restriction (>10°)
Marked side difference
Symptom provocation [35]
Palpable taught band
Referred pain
Muscle twitch
Active top: symptom provocation [36]
Marked side difference
Cannot hold against maximum resistance [38]

Absolute value (cm)
Test

(measured with

How clinically relevant was the test result (VAS rating scale)
Was the test positive or negative

CROM)
Forward
head
posture

I-------------------------------------------------------------------------------I
No relevant

(clinical finding)

Negative

extremely relevant (clinical finding )
Positive

Figure 1: Documentation protocol (example: forward head posture).
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PAIVMs: Central and unilateral posterior-anterior movement
at C0-3 [34]. The number of hypomobile and/or painful joints and
movement directions was recorded.
Reproduction and resolution: Sustained unilateral posterioranterior movement at C0-3 [40]. If reproduction and resolution of
headache symptoms was achieved this was given a value of 1.
Thoracic mobility: Active rotation right and left, extension;
central and unilateral posterior-anterior manual joint palpation [34].
Hypomobility or pain provocation was recorded as a clinical sign. The
number of clinical signs (max. 6: extension, rotation right/left, central
PA, unilateral PA right/left) was recorded.
CCFT: Pressure Biofeedback Unit 20-30 mmHG; 10 second hold
without substitution of superficial muscles [41]. The mm HG value
that was held for 10 seconds without substitution was recorded (Table
1 and Figure 1).
Statistical analyses: Reliability levels in the presence or absence
of a diagnosis might differ, therefore reliability levels were calculated
for each group (headache and control) separately. Inter-rater
reliability for the two examiners was evaluated using the intraclass
correlation coefficient (ICCagreement, single measure 2.1) and Bland-Altman
plots for interval data. For interval data we also calculated the
standard error of measurement (SEMagreement = √(σ2error) and the
smallest detectable change (SDC =1.96 x √6 x SEM agreement). The
interpretation of the ICC according to the Scientific Advisory
Committee of the Medical Outcome Trust, was that an ICC>0,7
was considered sufficient inter-rater agreement [42]. For all
nominal variables the inter-rater agreement is presented in terms
of percent agreement, Cohen‘s kappa and Gwet’s AC1 with 95
% confidence intervals (CI). For ordinal variables we used the
quadratic weighted kappa and Gwet´s AC2. Cases with missing
values were excluded.
The kappa statistic is influenced by prevalence and rater bias
[43]. In situations where a large proportion of the ratings are either
positive or negative, the unbalanced prevalence of the trait will lead to
a reduced kappa coefficient. In situations where there is a systematic
difference between the two rater’s tendencies to make particular
ratings, the kappa coefficient may be inflated. Therefore, beside
Cohen‘s kappa, we also reported Gwet´s AC and percent agreement,
as well as the prevalence of a positive test result. Gwet’s AC1 and
AC2 (a quadratic weighted version of Gwet´s AC), is not affected by
trait prevalence or rater bias. Prevalence was calculated based on the
number of positive cases, as judged by both raters, then calculated as
a percentage of the total number of cases, and inter-rater reliability.
Descriptive data were analysed using the paired t-test for interval
data and cross-tabulations for ordinal and binary data. Furthermore,
we estimated the correlation between the absolute measurement
and the clinical decision on the VAS scale, using Pearson´s r, point
biserial correlation or sommer´s d depending on the scale of the
absolute data. To get an impression how good the clinical VAS

rating represents a positive/negative test result, we performed a ROC
analyses (nonparametric receiver operating characteristic analyses)
using the binary decision as the reference variable and the VAS rating
as the classifier to calculate the AUC (area under the curve) with its
95% CI. Within the ROC analyses “cut-of points” were estimated
using the smallest sum of 1-sensitivity and 1-specificity which is the
“best threshold” to dichotomize the interval scaled VAS test result
[44]. All data were analysed with STATA® version 13.1.

Results
Thirty-six (72%) of the 50 examined participants were female.
The average age of the study population was 41.1 years (SD=14.3),
ranging from 21 to 79 years. The description of the study
population is detailed in Table 2. In general, kappa values in the
headache group where higher than in the asymptomatic group
Figure 3. This phenomenon is caused by the low prevalence rates
of a positive test result in the asymptomatic group. In Figure 3
the effect of the prevalence on percent agreement, kappa and
Gwet´s AC is visualized. Based on the 95%CI of the reliability
coefficients the statistical significance on their difference can be
estimated [45]. For the absolute measures, the reliability values
for the asymptomatic group, the headache group and both groups
pooled are given in Tables 3a and 3b. The Bland-Altman plots for
the pooled groups are presented in Figure 4.
Tables 3a, 3b and Figures 3 and 4. For the pooled groups, interrater reliability for movement tests utilizing mechanical devices (FHP,
AROM) ranged from ICC 0.63 to 0.84 (Table 3a), while reliability
values for manual movement testing with PPIVMs, PAIVMs and
thoracic mobility ranged from ICC 0.16 – 0.37 (Table 3a). Testing
for upper cervical dysfunction with the upper quadrant test showed
kappa values of 0.55 (Gwet´s AC 0.73). Manual muscle testing
showed kappa values of 0.48 (Gwet´s AC 0.88). Reliability of the test
for deep neck flexor muscle recruitment (CCFT) showed an ICC of
0.51 (Table 3a). The reliability for tests with symptom reproduction
(PAIVM (pain), upper Cx pain and reproduction and resolution)
was higher than for those that observed movement limitations.
Also, the correlation between the absolute measurement values and
the clinically based VAS rating was better for symptoms, e.g. pain
during FRT than for biomechanical aspects e.g. ROM during FRT.
The inter-rater agreement for the clinical judgement on a 0-100 scale
is sufficient (pooled groups; ICC>0.7) for active ROM, the upper
cervical quadrant and the trigger point palpation. For most tests, the
inter-rater reliability is higher in the headache group compared to
the non-headache group. The mathematically best cut-off point was
always in the region of about 20 mm on the VAS scale with values for
sensitivity and specifity near 1. This is visualised in Figure 2. The near
to perfect AUC of the ROC analyses further indicates that the 0-100
scale almost perfectly reflected the clinical judgement of a positive/
negative test result.

Table 2: Descriptive statistics Notes: N/A= not applicable; SD=standard deviation; TTH=tension-type headache.
Control
N=25 (%)

Migraine
N=19 (%)

TTH
N=6 (%)

Male

9 (36)

1 (5.3)

4 (66.7)

Female

16 (64)

18 (94.7)

2 (33.3)

Age

Mean (sd)

40 (13.5)

39 (11.9)

54 (20.3)

Headache history

Years mean (sd)

N/a

14 (12.6)

19 (10.6)

Headache frequency

Days per month (median)

N/a

10

28

Variable
Gender
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Figure 2: Box plots of the congruence of binary rating (positive/negative test result) and its relationship to the 0-100 VAS rating scale. The cut-off value to
dichotomise the VAS scale (dotted line) was around 20mm on the VAS scale for all tests. x-axis = positive / negative rating of the test result; y-axis= VAS
rating (0 to 100) of the clinically relevance of the test result. Values are presented in Table 5.

Discussion
The highest inter-rater reliability for absolute measurement values
was shown for AROM and FHP. Both tests used measurement devices
designed for the purpose of reliability. The inter-rater agreement for
such measurements reflects previously published data for AROM
testing of the cervical spine in a population with neck disorders
and published inter-rater reliability results for the FHP in healthy
participants and patients with both studies using the CROM device
[19,46,47]. On the other hand, PAIVMs and PPIVMs showed low
levels of inter-rater reliability of their absolute values. A systematic
review on the reliability of spinal motion palpation indicated that out
of 44 studies investigating either excursion or end-feel, eight showed
high levels of reliability (four if only studies of high methodological
quality were considered), hence our results for joint palpation are
in line with most of the published data [48]. The entire protocol
was conducted within a 30 minute period, indicating its feasibility
for a regular physiotherapy setting. In the current study, the 0-100
rating for clinical relevance included the patient’s verbal and nonverbal response and therefore reflected a clinical construct, while the
absolute measurements were more biased towards biomechanical
function. Jull et al. published a study in 1994 evaluating the inter-rater
reliability for manual joint examination and reported that although
examiners did not have to rely on the patient’s response to identify
a dysfunctional joint, results are best if all information, manual
palpation as well as the patient’s pain response, are included [49].
A patient is more likely to have clearly identifiable musculoskeletal
dysfunctions than a “control” participant. Especially if symptoms
are reproduced, the decision that a test is rated as more relevant
Volume 2 • Issue 1 • 1000106

is comparably easier than in situations of e.g. some stiffness in the
absence of symptoms. When looking at interrater reliability in the
subgroup of participants with headache, results were acceptable for 7
out of 11 tests for the 0-100 VAS scale for clinical relevance.
The rating method that best reflected the therapists’ clinical
decision, the 0-100 VAS scale for clinical relevance, was closely related
to the decision of a positive or negtive test as demonstrated in the
ROC analysis. A test result can be judged as negative on a binary scale
but still receive a (low) rating on the 0-100 VAS for clinical relevance.
An example to clarify this seemingly contradictory situation would
be some slight stiffness of the thoracic spine without any symptom
provocation. Most therapists would rate this as a negative test result.
However, thoracic stiffness might still be relevant in the clinical
context, e.g. thoracic mobilisation might be used to improve posture
or to influence the sympathetic nervous system. Interestingly, the
cut-off value to dichotomise the VAS rating for all tests was around
20 on the 0-100 VAS scale, indicating that if a binary decision was
required (positive / negative test), a value above or below 20 on the
VAS would represent a positive or a negative test result, respectively.
We strongly recommend the use of the 0-100 scale in addition to the
absolute measurement values as it provides more information than
a binary scale (positive/negative test result) and closely reflects the
clinical reasoning process supporting the decision which treatment
approach to use. It is particularly useful in tests where the nature
of the test (i.e. PPIVMs) does not allow a clear definition of cutoff values to distinguish between positive and negative test results.
Furthermore, the 0-100 VAS is suitable for all statistical analyses that
require interval data. Generally, the physical examination tests are
• Page 5 of 10 •
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Table 3a: Inter-rater agreement and correlation to the clinical (VAS) rating for test results with interval scaled data.

Test

FHP

Measure

AROM
FRT
(ROM)
PPIVMs
TP
CCFT
Co-C2
palpation

Groups pooled

(n=25)

(n=50)

Inter rater agreement

Inter rater
agreement

Descriptive statistics

ICC2.1
(95% CI)

ICC2.1

(95% CI)

Rater 1

Rater 2

mean (sd)

mean

Corr. To VAS
rating

Inter rater agreement
SEM1

SDC2

Pearson r

1.1 cm

3.05 cm

0.06 †

0.79***
(0.66-0.88)

6°

16.6°

-0.39***

(14.1)

0.80***
(0.67-0.88

7°

19.4°

-0.48***

8°

22.2°

-0.39***

ICC2.1
(95%CI)

(sd)

0.67***

0.6**

19.04

19.35

0.63***

(0.06-0.86)

1.7

2

(0.40- 0.79)

0.72***
(0.46-0.86)

0.82***
(0.64-0.92)

56.7
(11.8)

57.4

Extension

0.72***
(0.42-0.87)

0.83***
(0.65-0.92)

70.7
(16.5)

67.8

Rotation right

0.46**
(0.09-.071)

0.75***
(0.51-0.88)

72.3
(15)

68.8

(13.3)

0.67***
(0.47-0.80)

Rotation left

0.54**
(0.19-0.77)

0.78***
0.56-0.89)

68.9
(14.2)

67.4

(13.5)

0.71***
(0.55-0.83)

7°

19.4°

-0.43***

Latflex right

0.75***
(0.52-0.88)

0.81***
(0.6-0.9)

43.6
(12.1)

41.8 (11.1)

0.80***
(0.67-0.88)

5°

13.9°

-0.29**

Latflex left

0.82***
(0.64-0.92)

0.81***
(0.61-0.91)

45.1
(12.4)

45.1 (12.1)

0.84***
(0.73-0.90)

5°

13.9°

-0.29**

Rotation (°)

0.35**
(0.1-0.57)

0.47***
(0.24-0.66)

56.8
(10.3)

53.5
(10)

0.47***
(0.29-0.61)

7.5°

20.7°

0.394***

Number of active

0.14†
(-0.2-0.48)

0.46**
(0.08-0.71)

2.8
(5.7)

1
(2.6)

0.49***
(0.23- 0.68)

3

8.3

0.63***

latent

0.67***
(0.37-0.86)

0.59**
(0.28-0.79)

8.4
(8.1)

6.1
(7)

0.65***
(0.44,-0.79)

5

13.9

0.66***

Pressure reached (mmHG)

0.47**
0.72)

(0.09- 0.49**
(0.14-0.74)

25.6
(2.5)

26.5

(0.26-0.69) 1.7

4.7

0.834***

Number of findings

0.63***
(0.2-0.83)

0.22†
(-0.16-0.55)

1.5
(2.1)

1.4
(2.8)

0.37***
(0.1 -0.59)

1.4

3.9

0.69***

Number of dysfunctions
(max 6)

0.12†
(-0.23-0.46)

0.03†
(-0.35-0.4)

1.6
(1.2)

1.6
(1.2)

0.16†
(0 - 0.43)

1.4

3.9

0.54***

Number of pain responses
(max 6)

0.31*
(-0.04-0.61)

0.44**
(0.08-0.7)

1.4
(1.7)

2.1
(1.9)

0.58***
(0.34-0.74)

1.2

3.3

0.81***

Number of + tests (max 6)

0.012†
(-0.35-0.38)

0.34*
(-0.04-0.64)

1.8 (1.6)

1.2
( 1.7)

0.29*
(0.03- 0.52)

1.4

3.9

0.43***

Range (°)

PAIVMs
Co-C3

Headache group

(N=25)

(0.37-0.84)

Ventral translation (cm)

Flexion

Thoracic
mobility

Asymp group

(14.5)

(2.2) 0.51***

Note: Descriptive statistics: means standard deviations appear in parenthesis underneath means.
Inter rater agreement: ICC Typ 2,1agreement, with their 95% confidence intervals; 1. SEMagreement =Standard error of the Measurement=√(σ2error) which includes the systematic error [1]. 2. Smallest
detectable change =1.96 x √2 x SEMagreement. Correlation to VAS rating: All values are pearson r. positive or negative values represents the direction of correlation Stat. significance: *=p≤0.05;
**= p≤0.01; ***= p≤0.001; †=p not sig. N for the correlations=100, FRT (rom) left and right side pooled

Figure 3: Reliability coefficients for categorical data for different groups: p=percent agreement, k=Cohen´s kappa, g=Gwet´s (AC). The values are presented in Table 4b.
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Figure 4: Bland Altmann plots for each test; x-axis= mean rater1/rater2; y-axis: rater1 – rater2; reference lines = bias and 95% limits of agreement.
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Table 3b: Inter-rater agreement and correlation to the clinical (VAS) rating for test results with interval scaled data.

Test

Flexion-rotation
test

Muscle strength

Measure

Pain (no/yes)

Weak/Moderate/Strong

Stiffness (no/yes)

Upper Cx
quadrant

Reproduction &
resolution

Pain (no/yes)

Referral to head (no/yes)

Asymp group (N=25)

Headache group
(N=25)

Groups pooled
(N=50)

Reliability coef

Coef
(95% CI)

Coef
(95% CI)

Coef
(95% CI)

Percent agreement

0.92
(0.84-0.99)

0.68
(0.54-0.81)

0.8
(0.72-0.88)

Cohen‘ s Kappa

0.29
(-0.23-0.81)

0.28
(0.04-0.53)

0.34
(0.12-0.56)

Gwet´s AC1

0.91
(0.81-1)

0.44
(0.17-0.71)

0.71
(0.58-0.84)

Prevalence rate (%)

2%

14%

8%

Percent agreement

0.96
(0.93-0.98)

0.91
(0.86-0.95)

0.93
(0.90-0.96)

Cohen's Kappa (w2)

0.59
(0.23-0.95)

0.35
(0.06-0.62)

0.48
(0.27-0.69)

Gwet´s AC2

0.94
(0.90-0.98)

0.8
(0.69-0.91)

0.88
(0.82-0.94)

Prevalence rate (%)

8%

28%

18%

Percent agreement

0.82
(0.71-0.93)

0.84
(0.74-0.94)

0.83
(0.75-0.90)

Cohen’ s Kappa

0.24
(-0.09-0.56)

0.66
(0.43-0.88)

0.55
(0.37-0.73)

Gwet´s AC1

0.77
(0.60-0.93)

0.7
(0.49-0.90)

0.73
(0.60-0.86)

Prevalence rate (%)

4%

28%

16%

Percent agreement

0.94
(0.87-1)

0.86
0.96)

(0.76- 0.9
(0.84-0.96)

Cohen´s Kappa

-0.027
(-0.06-0.012)

0.61
0.88)

Gwet´s AC1

0.94
(0.86-1)

0.78
0.96)

Prevalence rate (%)

0%

16%

Percent agreement

0.8
(0.64-0.97)

0.84
0.99)

Cohen’s Kappa

0
(0-0)

0.66
(0.36-0.97)

0.63
(0.42-0.84)

Gwet´sAC1

0.76
(0.52-1)

0.7
(0.4-1)

0.67
(0.45-0.88)

Prevalence rate (%)

0%

56%

28%

(0.35-

Correlation to VAS
rating

0.63***

a

0.84***

0.61***

0.56
0.80)

(0.32-

(0.61- 0.88
0.96)

(0.79-

0.71***

8%
(0.69-

0.82
(0.71-0.93)
0.73**

Note: *Prevalence was calculated based on the number of positive cases, as judged by both raters, then calculated as a percentage of the total number of cases, and
inter-rater reliability. For example, when calculating the prevalence of FRT in the headache group, the number of cases in which raters agreed with each other was 7,
which was calculated as a percentage of the total number of ratings (50 (N= 25 to each side) ), leading to a prevalence rate of 14%.
Correlation: corr between the groups pooled to the VAS rating point biserial correlation; a = somer´s d (hazard ratio), Stat. significance: *=p≤0.05; **= p≤0.01; ***=
p≤0.001; †=p not sig. N for the correlations=100, for all other tests=50

not conducted to discriminate between patients with headache and
patients without headache because the diagnosis is largely made
by patient interview. Physical examination tests are rather used
to identify musculoskeletal dysfunctions potentially treatable
by physiotherapy, to decide on a potentially relieving treatment
technique, and to evaluate progress over time. The proposed
cluster of tests is a feasible tool for this purpose with an acceptable
level of inter-rater reliability, especially when patient responses
are considered in the evaluation process.

Limitations
For the purpose of presenting a selection of tests that is
“clinician friendly”, we only included one test for each component
of the international consensus on HATs. (e.g. Only the trapezius pars
ascendens was tested to represent the component “shoulder girdle
strength”). If this test or any signs and symptoms from the clinical
picture point towards altered shoulder girdle muscle strength it is
recommended to focus on this component and additionally test

Volume 2 • Issue 1 • 1000106

other relevant muscles. The same applies to any of the other HATs
components. It cannot be excluded that the order of the tests and
the number of tests conducted on one day influenced the results. We
therefore standardised the order, so that this effect would be the same
in each participant. Tests were conducted on the same day in order
not to induce more variability due to two test days.

Conclusion
Overall, most HATs showed acceptable levels of interrater agreement.
Interrater reliability improved when using a clinically based rating scale
that included the patient’s response. The 0-100 VAS measuring clinical
relevance of a test result closely reflected the decision whether a test was
positive at a cut-off value of 20 on the 0-100 VAS.
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