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ABSTRACT
It has been suggested that differential diagnddeadaches should consist of a robust
subjective examination and a detailed physical exanon of the cervical spine.
Cervicogenic headache (CGH) is a form of headdudeiivolves referred pain from
the neck. To our knowledge, no studies have sunzexdthe reliability and diagnostic
accuracy of physical examination tests for CGH. &ime of this study was to
summarize the reliability and diagnostic accuracghysical examination tests used to
diagnose CGH.A systematic review following PRISMéidglines was performed in
four electronic databases (MEDLINE, Web of Scieritrpase and Scopus). Full text
reports concerning physical tests for the diagnosGGH which reported the
clinometric properties for assessment of CGH, weckided and screened for
methodological qualityQuality Appraisal for Reliability StudigQAREL) andQuality
Assessment of Studies of Diagnostic AcCu(@tYADAS-2) scores were completed to
assess article quality. Eight articles were retiefor quality assessment and data
extraction. Studies investigating diagnostic religbof physical examination tests for
CGH scored poorer on methodological quality (higisk of bias) than those of
diagnostic accuracy. There is sufficient eviderfeaasng high levels of reliability and
diagnostic accuracy of the selected physical exatian tests for the diagnosis of CGH.
The cervical flexion-rotation test (CFRT) exhibitiedth the highest reliability and the
strongest diagnostic accuracy for the diagnosS@H.
Keywords. Cervicogenic headache; physical examination;ratic accuracy;

reliability.
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INTRODUCTION

Headache is a common disorder affecting up to 66&teogeneral population
(Stovner et al., 2007). With an estimated lifetipnevalence of 96% (Rasmussen et al.,
1991), headaches negatively influence both quefitife and labor productivity
(Lipton and Stewart 1994; Diener et al., 2001; Sainjlekom et al., 2003). The
individual and socio-economic burden, which comsstgtdirect costs (associated with
pursuance of healthcare) and indirect costs [reladeh sickness leave and reduced
productivity (Pradalier et al., 2004)] of headachesund the world is substantial
(Rasmussen, 1999).

The International Headache Sociegtegorizes headaches ipiamary and
secondaryclassifications (IHS, 2004). Primary headachegtsanost common and are
often defined as idiopathic, suggesting that tlegten occur without an underlying
disease or process. Secondary headaches mayhsexjaence of a serious underlying
disease such as a brain tumor, aneurysm, infecdudostance abuse or withdrawal, or
inflammatory disease; but may present as referagulfpom other regional structures
such as the teeth, nose, ears, or neck. One tygerohdary headache is cervicogenic
headache (CGH), which refers to a headache regufttm musculoskeletal
dysfunction of the cervical spine, particularly thgper three cervical segments
(Bogduk, 1994; Jull 2002a; Zito et al., 2006). CGdhstitutes about 15-20% of all
chronic and recurrent headaches (Nilsson, 1995).

The complex neurophysiological interactions witthie cervical-trigeminal nucleus
are the cause of the referral of pain to regiorth@thead (Bogduk et al., 1997). The
interface between the trigeminal afferent and efieprocesses from the three upper
cervical nerves is bidirectional (Bartsch and Gbgd2002, 2003), which also explains

why cervical pain is not an exclusive feature of LG his bidirectional mechanism
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creates similar referred pain from the cervicahepn other forms of headaches such as
migraine or tension-type headache (Hagen et @220 he overlap in signs and
symptomatology of CGH with other forms of headachestly complicates an
appropriate diagnosis, leading to incorrect diageos approximately 50% of cases of
CGH (Pfaffenrath and Kaube, 1990). Thus, correatlaehe diagnosis is mandatory in
order to establish an appropriated treatment, édpeconsidering that CGH is the
headache classification that most commonly resppodsgively to long-term
physiotherapy treatment (Jull et al., 2002b; Broinéh, 2004).

Because of the overlap between signs and symptbthe different types of
headache (D'Amico et al., 1994; Nicholson and Ggas2001) it has been suggested that
differential diagnosis should consist of a robusdijsctive examination (Sjaastad et al,
1998; IHS 2004, 2013) as well as a detailed phi/sicamination of the cervical spine
(Hall et al, 2008a). In this regard, some studgehdocumented the presence of
specific cervical spine musculoskeletal dysfunctiopatients with CGH (Hall and
Robinson, 2004; Zito et al., 2006). To our knowlkedgo studies have synthesized the
utility of physical examination testing of the cexal spine and its influence on CGH.
Consequently, the objective of this study was teese the available evidence regarding
the physical examination tests used for diagndst3GH. In particular, we were
interested in evaluating the utility of the physieaamination by scrutinizing the

reliability and diagnostic accuracy of the seledests.
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METHODS

Search strategy

This systematic review was written in accordandé wWie Preferred Reporting
Items for Systematic Reviews and Meta-Analyses §/MR) statement for reporting
systematic reviews and meta-analyses of studi&=faii et al., 2009) and the Cochrane
Diagnostic Accuracy Group recommendations. To ifiereélevant articles concerning
the study objective, a systematic search was paddrin four electronic databases
[MEDLINE, Web of Science, EMBASE and Scopus] froatlk databases’ inception
until June 2015. A search strategy was built uhegfollowing keywords:
“cervicogenic headache” AND (diagnosis (MeSH) ORdghostic accuracy”) AND
(“physical assessment” OR “physical examinationRelevant hand searched articles

were also included to obtain as complete infornmasie possible.

Study selection

Articles were eligible for this systematic revieieach fulfilled the following
inclusion criteria: (I) the authors studied at temse physical test for the diagnosis of
CGH in humans; (ll) the clinometric properties (ergliability, sensitivity or
specificity) of the test used to assess CGH wegrerted or data were provided to allow
for individual calculation; (1) articles includefdll text reports of original studies; and
(IV) studies were published in English or SpanBhysical examination tests were
operationally defined as clinician performed testsneasures that were designed to be

a proxy for a diagnosis or impairment.
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Selection process

After performing the literature search, duplicatiicées were removed.
Eligibility assessment was performed based onditié abstract. The full-text article
was searched and analyzed when the article seenieffilt the inclusion criteria.
When there was uncertainty regarding the contettiepaper based on title and
abstract, the full text was read and evaluatednagéine inclusion criteria. Screening
was performed by two researchers independenthaf@iRSS). A consensus meeting
was organized to discuss potential disagreememtenVdonsensus could not be
reached, a third opinion was provided by a traieegkerienced researcher (CC). The
full text versions of all articles that met thelumsion criteria were retrieved for

methodological quality assessment and data extracti

Quality assessment

Two independent researchers evaluated the qudlityaoforms of studies;
reliability and diagnostic accuracy. TReiality Appraisal for Reliability Studies
(QAREL) checklist is an 11 item appraisal tool r@tyedeveloped to assess the quality
of studies of diagnostic reliability (Lucas et £010).

Quiality of the diagnostic accuracy studies waswatadd using th@uality
Assessment of Diagnostic Accuracy Stufi@3ADAS-2) scale (Whiting et al., 2011).
QUADAS-2 provides assessment opportunities in kayrareas: patient selection,
clinical trial studied, standard reference and flvd timing. In addition, clinical
applicability of a study is evaluated based oncala of patients, test analyzed and
reference standard. For both categories (i.e.ofitkas and applicability analysis), each

study criteria was classified as "low risk”, "higek" or "unclear”. In both assessments,
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the reviewers reached a definitive score duringresensus meeting, resulting in a final

guality score.

Risk of bias assessment

Risk of bias was defined as the risk of a systesretior or deviation from the
truth, in the results or inferences in each stlidyarticular, we qualitatively evaluated
the internal validity of each study for a believapiassessment of the results. Risk of
bias assessment differs from quality assessmeittrgggesents “the extent to which all
aspects of a study’s design and conduct can berstmprotect against systematic bias,
nonsystematic bias, and inferential error” (Viswiiaa et al., 2012; Higgins et al.,

2011).

Tabulation of the diagnostic clinometrics

All included studies needed to incorporate the sdiagnostic criteria (IHS,
2004) and present data for analysis of reliabditg/or diagnostic accuracy of clinical
tests. For our study, the diagnostic reliabilityadflinical test was determined by the
Kappa coefficient indicating consistency betwedfedent evaluators to identify
cervical dysfunction (Hall et al., 2010a) or Infess correlation coefficient (ICC),
which involves the reliability of multiple measurents or ratings. Cohen suggested the
following Kappa value interpretations: value® equals no agreement, whereas 0.01-
0.20 as none to slight, 0.21—-0.40 as fair, 0.460 s moderate, 0.61-0.80 as
substantial, and 0.81-1.00 as almost perfect agreef@ohen, 1960). ICC values were
interpreted as follows: >0.75 was excellent, 0.4050vas fair to good and <0.40 was

poor (Fleiss 1986)
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The diagnostic accuracy of clinical tests was deteed based on the sensitivity,
specificity, positive likelihood ratio (LR+) and/aegative likelihood ratio (LR-).
Sensitivity is defined as the percentage of subjetto test positive for a specific
disease among a group of individuals who have ikeade, whereas the specificity is
the percentage of subjects with a negative resuli Specific disease among a group of
individuals who don’t have that disease (Cook aadedus, 2011). A higher value for
LR+ indicates that a test is able to confirm thespnce of a finding when the result is
positive. A lower LR- suggests a test is usefuliling out a diagnosis when the test is
negative. For clinical practice, we used values tlae been advocated previously:
sensitivity >90% with LR- <0.2 for a test to be fuddor ruling out disorders and
specificity>90% with LR+>5 for a test to confirmspecific diagnosis (Cook and

Hegedus, 2008).
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RESULTS
Study selection

The selection process of the articles is presantétgure 1. The initial search
resulted in 220 hits (26 in MEDLINE, 33 in Web dfi€ce, 107 in EMBASE and 36 in
Scopus) and, after removing duplicates, 118 stugiesined. From these, 113 studies
were excluded after screening based inclusion aaldison criteria. References from
our reference lists and independent hand seareale an additional 4 articles, thus 9
articles were finally retrieved for quality assessinand data extraction.

In this review, three studies included manual exatnon tests from the upper
cervical spine (Jull et al., 1997; van Suijlekonalket 2000; Hall et al., 2010a), four
studies were based on the cervical flexion-rotatést (CFRT) (Ogince et al., 2007;
Hall et al., 2008; Hall et al., 2010b; Hall et &010c) and one study was based on a

combination of tests to diagnose CGH (Jull et20Q7b).

Quality assessment of individual studies

Five studies met the inclusion criteria for qualgsessment of reliability (Table
1). One study exhibited poor reliability resultglgling a score of 4/11 (van Suijlekon
et al., 2000). Four of five studies scored uncteares for Item 4 “Were raters blinded
to their own prior findings of the test under exslan?” and Item 7 “Were raters
blinded to additional cues that were not part eftést?”. Item one resulted in the
greatest number of “no” scores, suggesting thasémeples used did not reflect
subjects typically seen in clinical practice.

All four of the diagnostic accuracy studies extatitow risk of bias in the

majority of QUADAS-2 categories (Table 2). Threelnd four studies exhibited poor
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quality for risk of bias, patient selection. Onedst (Hall et al., 2010b) exhibited no

risks of bias for any of the QUADAS 2 categories.

Clinometric results

All studies included clinical criteria provided bye IHS (2004) as a requirement
for the diagnosis of CGH. Five articles studiedttli@bility of the physical tests for
the diagnosis of CGH (Table 3). Passive accessteyertebral movements
(PAIVMS) tests CO-C3 were used in two studies Widtppa values ranging from 0.53
to 0.72 (Jull et al., 1997) and 0.64 to 0.7 (Hakle 2010a). In another study (van
Suijlekom et al., 2000), Kappa values ranged frod® @ 0.89 for manual
examination of the cervical spine and range of am#issessment. Hall et al (2008b)
studied the reliability of the CFRT obtaining vaduanged from 0.67 to 0.85 for a
prevalence adjusted kappa cross-sectionally amategst Hall and colleagues (2010c)
measured the longitudinal reliability of the CFRifiding excellent reliability when
testing both left (ICC=0.97; 95%CI|=0.94, 0.99) aiyit (ICC=0.95; 95%CI=0.90,
0.98) movements.

Five studies studied diagnostic accuracy of physesas for the diagnosis of
CGH (Table 4). Zito et al. (2006) studied the valoédiagnostic accuracy of the
PAIVMs tests CO-C3 obtaining sensitivity valuesvibeén 59 and 65%, specificity
between 78 and 87%, LR + from 2.9 to 4.9 and LRmf0.43 to 0.49. Another study
(Jull et al., 2007b) showed a sensitivity of 1008d apecificity of 94.4% by clustering
cervical range of motion, manual examination C0a@8 the cranio-cervical flexion
test. Three studies examined the CFRT (Ogince ,e2@0)7; Hall et al., 2008b; Hall et

al., 2010b). The sensitivity for this test rangeairi 70 to 91.3% and specificity from
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70 to 92%. CFRT exhibited a LR+ higher than 5 ahdRa- lesser than 0.2, indicating

the ability to alter significantly the post-tesbpability (Table 4).

Risk of bias
All studies presented with small sample sizes araBgmptomatic individuals
as control subjects. Asymptomatic controls haveidieof inflating diagnostic
accuracy and increasing the level of reliabilityrid in a study. Symptomatic subjects

were appropriate for all studies included.

10
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DISCUSSION

The purpose of this review was to investigate gliability and diagnostic
accuracy of the selected clinical tests for thguiesis of CGH. In our review, the tests
that exhibited the highest reliability included RAIVMs tests C1-C2 (Jull et al., 1997,
Hall et al., 2010a) and the CFRT (Hall et al., 2008e most commonly investigated
tests for diagnostic accuracy included the CFRTIir{Gmet al., 2007; Hall et al., 2008;
Hall et al., 2010b), differentiation tests of PAINSMNZito et al., 2006) and the cluster
cervical range of motion, manual examination C0a@8,the cranio-cervical flexion
test (Jull et al., 2007b). Whereas all of the tegtsbited good diagnostic accuracy
utility, the strongest diagnostic accuracy metviese associated with the CFRT.

The agreement among clinicians who used the CGHiphlyexamination tests
presents values that were better than those idshbfy random chance expected
(Landis and Koch, 1977; Sim and Wright, 2005). im synthesis, the studies that
demonstrated lower levels of reliability and valydior manual screening of the cervical
spine (Seffinger et al., 2004; van Trijffel et &Q05) scored poorer on methodological
quality as well. Indeed, the lower reliability mes may be associated with design
quality, a finding that has been identified by etheegarding manual examination of the
spine (Stochkendahl et al., 2006).

In our review, two studies (Jull et al., 1997; Hatllal., 2010a) demonstrated
high reliability (Kappa 0.68 and 0.74 PABAK) foreimanual examination of PAIVMSs,
and identified the segment C1-C2 as the most consymptomatic segment (63% of
positive cases in subjects with CGH). This findimgonsistent with previous studies
(Hall et al., 2004; Zito et al., 2006; Hall et &1010a), where C1-C2 was the most
prevalent symptomatic segment with up to 72% oésahowing positive results. Both

studies exhibited high QAREL scores of 7/11 (Jullle 1997) and 9/11 (Hall et al.,

11
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2010a) and were considered to be low risk of btasthermore, Hall et al (2008b)
investigated the CFRT showing high levels of religbamong experienced examiners
(Kappa 0.85) and inexperienced examiners (Kappa) 0e6finding in line with
previously published studies (Hall et al., 2004jr@g et al., 2007). We feel these
findings support that the CFRT should be considaradeful clinical test to evaluate
movement dysfunction at the C1-C2 segment and €sistan the differential diagnosis
of CGH (Hall et al., 2008b).

According to our study, the test that has showatgrediagnostic accuracy for
CGH was the CFRT (Ogince et al., 2007; Hall et2008b; Hall et al., 2010b). Hall et
al (2008b) reported a sensitivity of 90% and speityfof 88% for the CFRT. This is a
similar finding to other studies (Hall et al., 20@gince et al., 2007), where
sensitivities and specificities of 91% (Ogincelet2007) and 86% and 100% (Hall et
al., 2004) were shown. Both studies indicated arage value for a positive test in 33°
rotation of the C1-C2 segment for CFRT. It is pbksthat the higher values from
Ogince et al (2007) were associated with increas&df bias and the use of
asymptomatic subjects. Asymptomatic controls magreaiue the accuracy of the
results in the absence of a comparison group withlvement of the cervical spine in a
headache. For example, Hall et al (2010b) compsubgects with CGH to individuals
with multiple forms of migraine headache (MFMH) aatthough the CFRT still
demonstrated good diagnostic utility, the diagroaticuracy findings were not nearly
as robust at studies in which asymptomatic conteelse used.

All data investigated in this review have showrt thlaysical examination of the
upper cervical spine has a good utility for diffetial diagnosis in headache. We
advocate for the use of physical examination tgshra stepwise fashion in clinical

practice. Use of the IHS criteria (2004, 2013) batp us formulate our first hypotheses

12
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during the subjective examination. Later, at thgifn@ng of the physical examination
using a test with good reliability, high sensitwénd a low negative likelihood ratio
such as PAIVMs CO-C3 testing is recommended (Zitm.e2006). When confirming a
finding, the use of a reliable test with high sfietty and high positive likelihood ratio
such as the CFRT (Ogince et al., 2007; Hall e2&08b; Hall et al., 2010b) can be
used near the end of the examination. Using theoppate tests in the appropriate
order can bring us a reliable differential diagsasi CGH in a non-invasive way.
Possible limitations in our study are the small bemof studies of reliability
and diagnostic accuracy of clinical tests for C@Hitthave been included in this review.
In addition, some studies have shown a low scoth@QAREL scale (van Suijlekom
et al., 2000). This fact may have overvalued soshalility results. The same occurred
with diagnostic accuracy studies, where three effthur studies evaluated showed a
high risk of bias QUADAS-2 in the selection of tbeemple. All studies included in this
review have had a design based case-control sasbsexcept one (Ogince et al.,
2007). Case-control designs may overvalue religaind diagnostic accuracy data
(Lijmer et al., 1999; Kelly et al., 2001), and thmay have biased the results of this
review. Lastly, all studies in our review used tH& criteria as inclusion criteria for
their own enrollments. Since the IHS criteria regsithat the headache resolve within 3
months of treatment of the causative factor ooleshere is a risk that some of the
patients in the articles included may have beentantionally misdiagnosed; since

none of the articles actually looked at resolutdsymptoms.

Conclusion
There is sufficient evidence showing high levdlsatiability and diagnostic

accuracy of the selected physical examination festhe diagnosis of CGH. The

13



CFRT has better level of evidence and highest gabdi@alidity, reliability and
diagnostic accuracy for use in the differentialgthasis of CGH. Therefore, the clinical
tests selected for evaluation of the upper cendgpale can be used by therapists in a
reliable and accurate way for the diagnosis of ClHte high quality case-based, case
control studies in relation to the prevalence oftCi@ different groups of population

are necessary.
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Table 1. Quality Appraisal of Diagnostic Reliability (QARE Checklist

Study Type ltem Item Item ltem Item Item ltem Item Item Item 10 | Item 11 | Total
1 2 3 4 5 6 7 8 9 “yes”
scores
Jull et al., 1997 Inter N Y U U Y Y U Y Y Y Y 7/11
van Suijlekom et al., 200Q Inter Y Y U 0] U N U U Y U Y 4/11
Hall et al., 2008 Inter N Y Y U Y Y U Y Y Y Y 8/11
Hall et al., 2010a Inter N Y Y U Y Y Y Y Y Y Y 9/11
Hall et al., 2010c Intra N Y N Y Y Y U U Y Y Y 7/11

Scoring: Y=Yes, N=No, U=Unclear, and N/A=Not applite

Item 1: Was the test evaluated in a sample of subjectswére representative of those to whom the auintesded the results to be applied?

Item 2: Was the test performed by raters who were reptaee of those to whom the authors intended diselts to be applied?
Item 3: Were raters blinded to the findings of other raiuring the study?

Item 4: Were raters blinded to their own prior findingghe test under evaluation?

Item 5: Were raters blinded to the results of the refeeestandard for the target disorder (or variabéehdp evaluated?

Item 6: Were raters blinded to clinical information thizds not intended to be provided as part of thénggirocedure or study design?
Item 7: Were raters blinded to additional cues that wertepart of the test?

Item 8: Was the order of examination varied?

Item 9: Was the time interval between repeated measursneempatible with the stability (or theoreticalstity) of the variable being measured?
Item 10: Was the test applied correctly and interpretgut@priately?
Item 11: Were appropriate statistical measures of agreenssd?




Table 2. Tabular Presentation for QUADAS-2 Results

Study Risk of Bias Applicability Concerns
Patient Index Test Reference Flow and Timing | Patient Index Test Reference
Selection Standard Selection Standard
Jull et al., 2007b ® & ) &) © @ ©
Ogince et al., 2007 ® © © © © © ©
Zito et al., 2006 ) @) © @ © © ©
Hall et al., 2010c &) @) T &) &) & &)

© = LowRisk; @ = High Risk' ? = Unclear




Table 3. Reliability findings of clinical tests for cervicogenic headache. CGH,

cervicogenic headache; PAIM, passive accessory intervertebral movement; CFRT,

Cervical flexion-rotation test.

Study Study design  Subjects Clinical test assessment  Results
Jull et al., Cross- 20 with CGH and 20 PAIM test CO-C1 0.72 Kappa*
1997 sectional without CGH PAIM test CI-C2 0.68 Kappa*
PAIM test C2-C3 0.53 Kappa*
van Cross- 24 subjects Range of movement 0.44 and 0.46 Kappa**
Suijlekom sectional Group A: CGH subjects  Head pain provocation 0.53-0.67 Kappa
et al., 2000 Group B: migraine Pressure pain 0.27 Kappa***
subjects zygapophyseal joint 0.08 Kappa***
Group C: tension-type Pressure pain occiput 0.89 Kappa***
headache subjects Pressure pain mastoid
process
Hall et al., 2singleblind  Study 1 CFRT 0.85 Kappa
2008b comparative  Group A:20 subjects 2 experienced examiners
measurement CGH with C1-C2
dysfunction
group B:10 subjects
CGH with different
dysfunctiona levels
than C1/2
Group C: 10
asymptomatic controls
Study 2
Group A:12 subjects CFRT
CGH 2 inexperienced 0.67 Kappa
Group B:12 examiners
asymptomatic controls
Hall et al., Cross- Group A: 60 subjects PAIM test C1-C2 0.64 Kappa/ 0.74
2010a sectional with CGH PABAK****
Group B: 20 PAIM test C2-C3
asymptomatic controls 0.7 Kappal 0.7
PABAK****
Hall et al., Longitudina  Group A: 15 subjects CFRT ICC (95%Cl) 0.95
2010c (tested 4 with CGH (0.90, 0.98) Right
timesovera  Group B: 15 ICC (95%Cl) 0.97
14 day asymptomatic controls (0.94, 0.99) Left
period)

* Average value between examiners
**Rotation right and left
*** Average value

**** Adjusted Kappa coefficient



Table 4. Diagnostic accuracy of clinical tests for cervicogenic headache. PAIM, passive accessory intervertebral movement; CFRT, Cervical
flexion-rotation test.

Study Clinical test assessment Sensgitivity / specificity LR+/LR-
Hall et al., 2008b CFRT 90/ 85-90 (study 1)* 6-9/0.11-0.12 (study 1)*
83/ 83-92 (study 2)** 5-10/ 0.18-0.2 (study 2)**
Hall et al., 2010b CFRT 70/ 70 2.33/0.43
Oginceet al., 2007 CFRT 91.3/91.4 10.65/0.095
Zito et al., 2006 PAIM test CO-C1 59/ 82 3.3/0.49
PAIM test C1-C2 62 /87 4.9/0.43
PAIM test C2-C3 65/ 78 2.9/0.44
Jull et al., 2007b Cervical range of motion, manual 100/ 94.4 -/ -

examination CO-C3 and cranio-
cervica flexion test

*experienced examiners
**nexperienced examiners



26 hitsin 33hitsin 107 hitsin Embase 36 hitsin Scopus
MEDLINE/Pubmed Web of Science P

Total of 220 hits

A 4

After removing duplicates 118 studies remained

Reasons for exclusion:

not humans: O articles

not clinical reports: 1 article
— physical tests astopic: 88 articles
not CGH population: 56 articles

not English or Spanish: 2 articles

\ 4

5 studies after screening in- and exclusion criteria

4 studies identified from reference
lists retrieved using the systematic
[€ | search strategy and which fulfilled the
in- and exclusion criteria

\ 4

9 studies eligible for methodological quality assessment (QAREL and QUADAS-2)
were included and discussed in this systematic review




