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Original article 

Inter-rater reliability, discriminatory and predictive validity of neck 
movement control tests in office workers with headache and/or neck pain 

Markus J. Ernst a,b,*, Sandro Klaus b, Kerstin Lüdtke c, Alessio Gallina a, Deborah Falla a,  
on behalf ofthe NEXpro collaboration group 
a Centre of Precision Rehabilitation for Spinal Pain, School of Sport, Exercise & Rehabilitation Sciences, University of Birmingham, Birmingham, UK 
b Institute of Physiotherapy, School of Health Sciences, Zurich University of Applied Sciences, Katharina Sulzer Platz 9, 8400, Winterthur, Switzerland 
c Institute of Health Sciences, Department of Physiotherapy, University of Luebeck, Germany   
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1. Background 

Headache conditions are on the rise, especially among females and in 
countries with high socio-demographic indices (Stovner, 2018). In 2016, 
the worldwide age-standardized prevalence for tension-type headache 
was 26.1% and for migraine, 14.4% (females: 30.8% and 18.9% 
respectively) (Stovner, 2018). Headache is the most prevalent neuro-
logical condition in Europe (Deuschl et al., 2020), and between 1990 
and 2019, the worldwide health burden due to headache conditions has 
increased to rank 15 among all diseases worldwide (Vos, 2020). Office 
workers have a high prevalence of headache (Andersen et al., 2011; Rota 
et al., 2016). Many factors such as poor posture (Mingels et al., 2016), 
long working hours with increased physical inactivity and sleep depri-
vation have been associated with the presence of some headache con-
ditions in office workers (Nagaya et al., 2018). Remote working due to 
the pandemic might have had additional detrimental effects (Houle 
et al., 2021). 

Neck pain (NP) is frequently associated with headache conditions 
(Ashina et al., 2014; Al-Khazali et al., 2022), although the role of the 
cervical spine as either the source, coexisting factor, or an area of 
referred pain is controversial (Antonaci et al., 2001; Liang et al., 2021). 
The anatomical explanation for a reciprocal influence refers to conver-
gence of afferences from upper cervical structures with trigeminal 

afferents within the trigeminocervical nucleus (Edvinsson et al., 2020). 
With peripherally or centrally sensitized structures in the cervical spine, 
positive findings during the physical examination that exclusively rely on 
pain or muscle responses, have limited validity, as the “SpPIn rule” =
specificity rules in, cannot be applied with low specificity test values 
(Liang et al., 2019). While according to the “SnNOut rule” = Sensitivity 
rules out, a test with high sensitivity which is negative is especially useful 
to rule out a cervical contribution (Davidson 2002; Luedtke and May, 
2017; Baeyens et al., 2019). 

According to the “movement control framework”, movement control 
tests (MCTs) are intended to evaluate a potential loss of movement 
control, that can impair movement in the long-term (Dingenen et al., 
2018, Mottram et al., 2020). MCTs are used to test the “control” of a 
specific “site” and “movement direction”, and whether impaired control 
is related to symptoms, disability or pathology (Comerford and Mot-
tram, 2012; Mottram et al., 2020). Although MCTs are frequently used to 
assess people with NP and headache, measurement properties are still 
lacking, and current evidence is limited to either rater-reliability 
(Patroncini et al., 2014; Segarra et al., 2015), or case-control studies 
that established “known-group validation” (Elsig et al., 2014; Aasa et al., 
2020). 

There is limited evidence whether individuals with headache differ 
from asymptomatic controls based on sensorimotor control tests 
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(Hodges and Falla, 2015), such as the cranio-cervical-flexion test (CCFT) 
or joint position error test (Szikszay et al., 2019; Anarte-Lazo et al., 
2021), whereas a recent study demonstrated that motor control and 
movement accuracy differed between migraine participants with and 
without musculoskeletal dysfunction (Liang et al., 2021). 

Establishing measurement properties of MCTs for the assessment of 
people with NP or headache is relevant as these tests may help to find 
subgroups with headache or NP that may be amenable to tailored ex-
ercise programmes, as has already been shown for MCTs in the lumbar 
region (Luomajoki et al., 2018) and for motor control interventions in 
NP (Falla et al., 2012). Thus, the aim of the current study was to 
establish the inter-rater reliability in addition to discriminatory and 

predictive validity for seven MCTs of the upper (UCS) and lower cervical 
spine (LCS) in office workers with and without headache or NP. 

2. Methods 

This is a validity and inter-rater reliability study. Baseline and final 
(15-month) follow-up data of a cluster randomized controlled trial, that 
sought to examine the effectiveness of exercise and health promotion on 
work presenteeism or absenteeism in office workers, were used for the 
evaluation of validity in this study (Aegerter, 2020). In a separate 
cross-sectional sample, inter-rater reliability was assessed. The study 
was approved by the ethical committee of the Canton Zurich 

Fig. 1. Movement control tests 220514.  
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(Ref-No.2019-01678) and registered at clinicaltrials.gov 
(NCT04169646). All participants gave written informed consent 
before taking part. “Standards for the Reporting of Diagnostic Accuracy 
studies” (STARD) have been followed (https://www.equator-network. 
org/). 

2.1. Participants 

Adult office workers with at least 25 sedentary working hours per 
week were included. Exclusion criteria were self-reported specific health 
conditions: NP grade III and IV according to the European taskforce 
criteria (Haldeman et al., 2008), general inflammatory conditions such 
as rheumatoid arthritis, spinal surgery or other conditions that pre-
vented participants from exercising. Being non-fluent in German, plan-
ned (>4 weeks) absences during the intervention period and pregnancy 
were further exclusion criteria. 

2.2. Movement control tests 

Three MCTs for the (UCS) and four MCTs for the (LCS) were exam-
ined at baseline of the trial (Fig. 1). Selected tests provide information 
on the control of movement in both regions, UCS and LCS, and for two 
directions: sagittal plane (four tests) and horizontal plane (three tests) 
(Comerford and Mottram, 2012; Segarra et al., 2015). For consistency in 
ratings, tests were performed in a pre-determined order: UCS before 
LCS, and sagittal (flexion = F before extension = E) before horizontal 
(rotation = Rot). Positive ratings (participant could not perform a test 
correctly) were added to obtain a total score (range from 0 to 7 across all 
seven tests), and sub-scores were obtained to differentiate UCS control 
(range 0–3) from LCS control (range 0–4) and sagittal plane control 
(range 0–4) from rotational control (range 0–3). First, participants 
received verbal instructions on how to perform each test (Fig. 1). Verbal 
feedback was provided, and standardized videos of each test had been 
shown (supplemental files), if participants did not understand the task. 
Participants had sufficient time and repetitions to familiarize themselves 
with the tests, until they considered themselves capable to perform the 
test correctly. Eventually, each test was performed without feedback and 
rated as either positive or negative (criteria provided in Fig. 1). 

2.3. Reliability 

MCTs were examined by a random pair of two, out of a pool of seven 
raters, that also participated in the validity study. Accordingly, only 
inter-rater reliability was examined, to assure consistent ratings for the 
subsequent validity study. Raters received training to be able to detect a 
“lack of control” for each test, according to criteria by Comerford & 
Mottram and described in Fig. 1 (Comerford and Mottram, 2012). Raters 
were kept blind to each other’s ratings and to information about the 
headache and/or NP status of the participant. Information on raters can 
be found in Table 1. 

2.4. Validity 

Participants completed an online questionnaire, that screened and 
assessed for potential headache (IHS 2018) or NP in the last four weeks. 
That questionnaire included the Numeric pain rating scale (Jensen et al., 

1986), the Headache-impact-test − 6 (HIT-6) (Haywood et al., 2018) and 
the Neck disability index (NDI (Swanenburg et al., 2014). Baseline data 
on the occurrence of headache or NP was used to determine the 
discriminatory validity of MCT between different subgroups (De Vet et al., 
2011). Due to the nature of the study design as a stepped wedge cluster 
RCT (Hemming et al., 2015), MCTs and questionnaires for all partici-
pants had to be completed within two to three weeks in January 2020, 
which necessitated the inclusion of seven raters. After the inter-rater 
reliability study, raters received additional training and videos of cor-
rect performance (supplemental files). MCTs were performed as 
described, and were rated by one out of seven raters, who was blind to 
the headache/NP status of the participant. 

At three-monthly online follow-up assessments, the occurrence of 
headache or NP within the last 4 weeks were re-examined. For this 
study, data from the last follow-up after 15 months was used to examine 
the predictive validity of MCT performance, when all participants would 
have received the intervention. 

2.5. Data analysis 

Inter-rater-reliability data were analysed using Generalisability theory 
(G-theory). G-theory is based on classical test theory and analysis of 
variance (ANOVA). Variances of influencing factors (rater, subject) 
contribute to a G-coefficient, that is similar to an intra-class correlation 
coefficient (ICC) (Brennan 2011). As subjects are regarded “nested” in 
raters, results for varying pairs of raters contribute to the same coeffi-
cient. Since a low prevalence of positive findings is known to negatively 
affect coefficients, irrespective of rater agreement, “prevalence-adjusted 
coefficients” were additionally calculated (Sim et al., 2005). G-co-
efficients of <0.2 were interpreted as slight, 0.21–0.4 as fair, 0.41–0.6 as 
moderate, 0.61–0.8 as substantial, 0.81–1 as almost perfect (Landis and 
Koch, 1977). 

For discriminatory and predictive validity, the area under the curve 
(AUC) was calculated to find optimal cut-off points for composite scores 
such as for the total MCT score, regional or directional scores (Baeyens 
et al., 2019). Only for AUC scores ≥0.5, positive (LR+) and negative 
(LR-) likelihood ratios, together with diagnostic odds ratios (DORs) were 
computed for discriminatory, and together with relative risk ratios (RRs) 
for predictive validity (Davidson 2002; Knottnerus et al., 2008). A LR 
expresses the likelihood of a positive or negative test result in someone 
with or without, respectively, the problem under investigation (David-
son 2002; Knottnerus et al., 2008). LRs are more meaningful than 
sensitivity or specificity values alone (Baeyens et al., 2019). A LR+ of 
>10 is regarded as “high discriminatory or predictive value”, between 5 
and 10 is of “moderate value”, below 5 but at least 2 is of “small value”, 
and below 2 but above 1 is of “limited value”. For LR-, a “high value” 
would be regarded as < 0.1, “moderate value” as 0.1 to 0.2, a “small 
value” for values > 0.2–0.5, and a “limited value” for >0.5 to 1 (Sleij-
ser-Koehorst et al., 2021). A DOR is the ratio between LR+ and LR- and 
can be interpreted as “the probability of having the problem in someone 
with a positive test compared to someone with a negative test”. A 
relative risk ratio (RR) expresses the “likelihood that someone with a 
positive test compared to someone with a negative test result at baseline 
will have the problem at follow-up” (Gross Portney and Watkins, 2000). 
95% confidence intervals (95% CI) for all ratios have been calculated; a 
value of 1 indicates “no effect”. Computations have been performed for 
the entire cohort and for contrast between the following subgroups with: 
“headache only”, “NP only”, “headache & NP”, and “asymptomatic” for 
both conditions. Furthermore, subgroups with “headache only” PLUS 
“headache & NP” were merged to a larger “all headache” subgroup, as 
were “NP only” PLUS “headache & NP” to “all NP”. On the opposite 
those with “NP only” PLUS “asymptomatic” were merged to “no head-
ache”, as were those with “headache only” PLUS “asymptomatic” to “no 
NP”. Missing values at the 15-months follow-up were replaced by the 
“last observation carried forward” method (Uthaikhup et al., 2017). 

Table 1 
Information on raters.  

Variable Values 

Sex (female/male) 4/3 
Age in years 35.6 (9.2) 
Graduated in years 11.4 (9.7) 
Basic vs. specific training (IFOMPT certified) 5/2 

Values are means (sd) and absolute frequencies (/). 
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3. Results 

In total 140 office workers participated in both parts of the study. 
Descriptive data of participants is presented in Table 2. 

3.1. Inter-rater reliability 

Prevalence adjusted G-coefficients for MCTs ranged from slight 
(UCS-Rot.) to almost perfect (UCS–F, LCS-F, LCS-E), (Table 3). 

3.2. Validity 

One hundred and twelve of 120 participants reported about head-
ache and/or NP at baseline. Seventy-one participants of all those who 
were symptomatic suffered from both headache and NP at baseline. See 
Fig. 2. 

The percentage of participants that scored positive on individual 
MCTs were: UCS-F (15%), UCS-E (29.2%), UCS-Rot 17.5%, LCS-F 
(44.2%), LCS-E (54.2%) and Rot left and right (each 27.5%). 

Discriminatory validity: In total, six of eight possible contrasts be-
tween subgroups suffering from headache or NP had an AUC ≥0.5. 
Single or composite MCTs had limited validity to discriminate between 
subgroups at baseline. For the UCS ≤1/3 positive MCTs are more likely 
in “no headache” than in “all headache” (LR-: 0.89, 95% CI: 0.80–0.99). 
Furthermore, UCS-Rot control had limited validity to discriminate be-
tween “all NP” and “no NP” (LR-: 0.82, 95% CI: 0.72–0.94), and between 
“headache & NP” versus “headache only” (LR-: 0.82, 95% CI: 
0.69–0.98). Further results can be found in Table 4. 

Predictive validity: Single or composite MCTs had limited to small 
validity to predict a future headache or NP event. At the 15-month 
follow-up, a headache event was more likely in participants with base-
line “headache & NP”, and >2/7 positive MCTs of the total score (RR-: 
2.47, 95% CI: 1.17–5.22). 

A NP event at follow-up was less likely in participants with “NP only” 
at baseline AND 0/4 positive MCTs in the sagittal plane (LR-: 0.30, 95% 
CI: 0.09–0.95). The RR for a future NP event in this subgroup AND ≥1/4 

positive MCTs in the sagittal plane was 3.33 (95% CI 1.05–10.56). 
Further results can be found in Table 5. 

4. Discussion 

This study investigated the inter-rater reliability, discriminatory and 
predictive validity of seven MCTs of the cervical spine in a cohort of office 
workers with and without headache and/or NP. We found slight to 
almost perfect inter-rater reliability, limited discriminatory validity, and 
limited to small predictive validity for some tests to identify office 
workers with a current or future headache or NP condition. 

While six MCTs achieved, after prevalence-adjustment, a moderate 
to almost perfect inter-rater reliability, UCS-Rot control showed very 
low inter-rater reliability, which may also have compromised its validity 
(Table 3). Reasons for this low inter-rater reliability might be that 
simultaneous movements in the LCS were difficult to judge, as the 
rotation movement axis is difficult to visualise, compared to sagittal 
plane movements, with an imaginary axis approximately through the 
ears. Skin creases might help to visualise a pivoting movement are 
usually less obvious during rotation. A previous study, reporting on UCS- 
Rot control, performed in a 4-point kneeling position, found substantial 
rater reliability when testing people with NP (Segarra et al., 2015). Elsig 
et al. also demonstrated the validity of rotation control in a 4-point 
kneeling position to discriminate between people with and without 
NP, but did not limit the movement to the UCS (Elsig et al., 2014). In 
both studies, rotation was performed against gravity, possibly explain-
ing better reliability as higher loading conditions can accentuate a 
movement control impairment, while our study showed only 17.5% 
scored positive for UCS-Rot (Mottram et al., 2020). Most of the previous 
studies on movement control testing at the cervical spine have either 
examined intra-or inter-rater reliability (Aasa et al., 2014; Patroncini 
et al., 2014; Segarra et al., 2015; Tegern et al., 2018) or validity to 
discriminate “known groups” of NP participants from asymptomatic 
controls (Elsig et al., 2014; Aasa et al., 2020). 

No study so far had examined its discriminatory validity in symp-
tomatic subjects with differing complaints, such as NP and/or headache. 
Elsig et al. reported exclusively on NP participants with symptoms 
indicating towards a movement control deficit, but compared them with 
asymptomatic controls, which may overestimate the value of MCTs for 
clinical settings (Elsig et al., 2014). 

No study had examined the validity of MCTs to predict future head-
ache or NP events. Furthermore, previous studies provided little infor-
mation about a specific region or direction of impaired movement 
control, that might help direct patient management (Sahrmann 2010, 
Comerford and Mottram, 2012). Khosrokinani et al. used movement 
control as an intervention in computer workers with chronic NP and 
found large effects on NP-related disability (Khosrokiani et al., 2018). It 
remains unknown whether participants had been affected by a move-
ment control impairment. In people suffering from low back pain, sub-
grouping according to their movement control impairment showed 
limited long-term effects for pain and disability (Luomajoki et al., 2018). 

Movement control requires proprioception, central processing, 
including matching of stored motor pattern with task requirements, and 
an adequate motor output (Kristjansson and Treleaven, 2009; Wallwork 
et al., 2020). Furthermore, individual, environmental, and task-specific 
factors can influence someone’s movement strategy (Mottram et al., 
2020). In the current study, task-specific and environmental factors 
were standardized. Furthermore, like Segarra et al., MCTs were per-
formed after participants indicated they had understood the movement 
task, which means, not testing primarily, a lack of understanding 
(Segarra et al., 2015; Dingenen et al., 2018). All tests were performed in 
a sitting position leading to gravity induced loading conditions for 
sagittal plane movements (Dingenen et al., 2018, Mottram et al., 2020). 

From a clinical perspective the most important findings are that 
participants with “headache & NP” differed from “asymptomatic”, and 
from “headache only”, by a more frequently positively rated UCS-Rot 

Table 2 
Sample descriptives.  

Variable Reliability 
study 

Validity study 

Participants (females) 20 (14) 120 (86) 
Age 46.2 (9.9) 44.2 (9.8)   

Baseline 15 months follow-up   
n = 120 All 

(ITT) 
Completers 
(n = 91) 

Headache in the last 4 
weeks 
≥1 occurrence (%) 

13 (65) 88 (73.3) 71 
(59.2) 

55 (60.4) 

Neck pain in the last 4 
weeks 
≥1 occurrence (%) 

NA 95 (79.2) 70 
(58.3) 

58 (63.7) 

Number of headache 
days in the last 4 weeks 
(median/iqr) 

2.0 
(1.88–3.25) 

2 (0–5) 1.75 
(0–5) 

1.5 (1–4) 

Number of neck pain 
days in the last 4 weeks 
(median/iqr) 

NA 4 (1–8) 2 (0–7) 2.25 (0–8) 

Average headache 
intensity (0–10) 

4.8 (2.9) 4.3 (2.2) NA NA 

Average neck pain 
intensity (0–10) 

NA 3.0 (1.8) 2.5 
(1.4) 

2.8 (1.5) 

HIT-6 score (36–78 
points) 

NA 53-6 
(7.9) 

51.8 
(6.7) 

51.9 (6.2) 

NDI score (0–50 points) 5.7 (3.9) 5.8 (5.0) 7.2 
(4.6) 

8.1 (4.7) 

Values are mean (sd) otherwise indicated; HIT-6 (Headache impact test); NDI=
Neck disability index; iqr = interquartile range, ITT = intention to treat analysis; 
NA= Not available. 
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Table 3 
Interrater reliability (n = 20).  

Test UCS-F control UCS-E control UCS-Rot control LCS-F control LCS-E control Rot-L control Rot-R control 

G-coefficient (95% CI) 0.99 (0.9–1) 0.39 (0–1) 0.00 (0–0.43) 0.99 (0.98–1) 0.85 (0.43–1) 0.24 (0–0.88) 0.95 (0.72–1) 
Prevalence adjusted G-coefficient (95% CI) 0.93 (0.67–1) 0.57 (0.16–1) 0.16 (0–0.54) 0.99 (0.98–1) 0.85 (0.41–1) 0.43 (0.02–1) 0.70 (0.29–1)  

Fig. 2. Venn diagram of Neck pain/headache status at baseline.  

Table 4 
Discriminatory validity.  

Contrast Test (cut-off) AUC LR+ LR- DOR 

“All headache” (n = 88) VS. “no headache” (n = 32) UCS control (>1/3) 0.51 4.36 (0.59–32.23) 0.89 (0.80–0.99) 4.85 (0.66–215.68) 
“All NP” (n = 95) VS. “no NP” (n = 25) Rotation control (>0/3) 0.58 1.14 (0.95–1.38) 0.60 (0.29–1.23) 1.88 (0.70–5.21) 

UCS-Rot control 0.60 5.26 (0.74–37.34) 0.82 (0.72–0.94) 6.34 (0.91–275.82) 
“Headache & NP” (n = 71) VS “headache only” (n = 17) UCS-Rot control 0.58 3.83 (0.55–26.92) 0.82 (0.69–0.98) 4.60 (0.62–207.02) 
“Headache & NP” (n = 71) VS. “NP only” (n = 24) UCS control (>1/3) 0.51 2.70 (0.36–20.52) 0.93 (0.82–1.04) 2.90 (0.35–135.07) 
“Headache & NP” (n = 71) VS. “asymptomatic” (n = 8) UCS-Rot control 0.61 2.33 (0.35, 15.65) 0.85 (0.67, 1.09) 2.71 (0.33–126.63) 
“NP only” (n = 24) VS “headache only” (n = 17) UCS-Rot control 0.55 2.83 (0.35, 23.17 0.89 (0.71, 1.10) 3.12 (0.27–167.12) 

AUC = area under the curve: (only contrasts with ≥0.5 are shown); LR+: positive likelihood ratio; LR-: negative likelihood ratio; DOR: diagnostic odds ratio; LCS: lower 
cervical spine; NP = neck pain; Rot = rotation; UCS: upper cervical spine; Values in brackets are 95% confidence intervals. Values in bold do not include the effect of 
the null hypothesis. 
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MCT. In addition, participants with “headache & NP” AND >2 of 7 
positive MCTs were roughly 2.5 more likely to report a headache event 
in the future. These findings suggest that impaired cervical movement 
control may be a clinical feature for someone with both “headache & 
NP”, especially if UCS-Rot control is among positively rated tests (Ta-
bles 4 and 5). Reduced UCS range of movement, and especially rotation 
has previously been reported in people suffering from headache related 
to the neck (Hall et al., 2010; Ernst et al., 2015; Bragatto et al., 2019). 
Restrictions in range of motion were not examined in the current study 
but might be associated to more frequent “positive” ratings during 
UCS-Rot in headache and NP. 

Participants with “NP only”, and poor movement control in the 
sagittal plane or lower CS (>1/4) had a 3-fold increased risk for future 
NP. (Table 5). Negative LRs showed more precise confidence intervals 
for most contrasts, accordingly it appears that MCTs, when tested 
negative may be better at excluding the problem under investigation. 
Similar findings have been reported by Rodrigues et al. for the cranio- 
cervical-flexion-test (CCFT), a test of deep neck flexor activity, to 
detect migraine subjects without disability (Rodrigues et al., 2021), and 
for pain provocation during manual palpation of upper cervical seg-
ments to exclude their involvement in the pain experience (Luedtke and 
May, 2017). 

There are some limitations of this study. As participants had simul-
taneously entered and attended assessment of the trial, participation of 
seven raters was necessary. Inter-rater reliability for UCS-Rot was 
limited at best and may have compromised the results of the validity 
study. However, as preliminary results of the inter-rater-reliability study 
were known four weeks before beginning of the validity study (Aegerter, 
2020), further training of raters was undertaken. Intra-rater reliability 

was not evaluated. Since inter-rater reliability also incorporates errors of 
intra-rater reliability plus differences between raters, its evaluation is 
not considered a major limitation (Streiner and Norman, 2008). 

All tests were performed in a standardized, pre-determined order. 
This approach has been used in previous studies (Aasa et al., 2014; 
Segarra et al., 2015) and is not regarded a major limitation of the current 
study. MCTs for most participants during the validity study were 
observed by two raters, and consent between raters had been sought, 
obtained values are regarded plausible and valid. Only office workers 
were examined, of whom many suffered from only mild NP (Table 2) or 
headache (Rendas-Baum et al., 2014). This likely limits the general-
isability of the results towards the general population. All participants of 
the validity studies took part in a stepped wedge cluster RCT receiving 
health promotion and neck muscle exercises that focussed on strength 
and endurance of neck and shoulder girdle muscles (Aegerter, 2020). 
These interventions might have influenced movement control too, even 
if this was not the primary intention and should have been equal for all 
participants at the final follow-up. Further, sample sizes for some spe-
cific subgroups were rather small, hampering further adjustments for 
potential confounders, such as the headache type, and possibly leading 
to results with low precision (Elkins et al., 2022). On the other hand, 
insignificant results for predictive validity, even in larger subgroups 
such as “all headache types” might have been “washed out” by 
combining those suffering from “headache only” with those suffering 
also from NP (Liang et al., 2021). Regarding NP as the most prevalent 
associated symptom for many headache types, statistical adjustment was 
disregarded (Liang et al., 2019; Al-Khazali et al., 2022). Furthermore, 
movement variability has not only been found in healthy states but also 
in pain conditions and may have led to insignificant or imprecise results 

Table 5 
Predictive validity for outcomes at 15-months follow-up.  

Prediction (Sub-)sample Test (cut-off) AUC LR+ LR- RR 

HEADACHE in last 4 weeks, Entire cohort (n = 120) None NA NA NA NA 
Subgroup: “all headache” at baseline (n = 88) Total control (>1/7) 0.56 1.37 (0.94–2.00) 0.57 (0.32–1.02) 1.76 (0.97–3.20) 

LCS control (>0/4) 0.55 1.16 (0.91–1.46) 0.53 (0.21–1.32) 1.62 (0.85–3.11) 
Sagittal control (>0/ 
4) 

0.57 1.22 (0.90–1.66) 0.61 (0.30–1.21) 1.57 (0.85–2.89) 

UCS-Rot control 0.59 2.18 (0.68–6.97) 0.86 (0.71–1.04) 2.00 (0.68–5.84) 
Subgroup: “all NP” at baseline (n = 95) Total control (>1/7) 0.58 1.34 (0.98–1.85) 0.54 

(0.30–0.99) 
1.71 (1.03–2.84) 

LCS control (>0/4) 0.58 1.21 (0.96–1.53) 0.47 (0.20–1.07) 1.71 (1.01–2.89) 
Sagittal control (>0/ 
4) 

0.58 1.60 (0.80–3.21) 0.82 (0.63–1.07) 1.56 (0.81–3.01) 

LCS-F control 0.58 1.54 (0.88–2.68) 0.75 (0.54–1.05) 1.59 (0.88–2.85) 
Subgroup “headache & NP” at baseline (n =
71) 

Total control (>2/7) 0.62 1.62 (0.99–2.67) 0.44 
(0.23–0.84) 

2.47 (1.17–5.22) 

LCS control (>0/4) 0.61 1.26 (0.92–1.75) 0.43 (0.16–1.11) 2.06 (0.97–4.40 
Sagittal control (>1/ 
4) 

0.61 2.19 (0.73–6.61) 0.78 (0.59–1.02) 2.24 (0.73–6.89) 

LCS-F control 0.59 1.90 (0.85–4.23) 0.68 
(0.46–0.99) 

2.17 (0.88–5.38) 

Subgroup: “headache only” at baseline (n =
17) 

UCS-Rot control 0.78 2.20 
(0.23–20.72) 

0.88 (0.61–1.26) 1.67 (0.32–8.70) 

NECK PAIN in the last 4 
weeks 

Entire cohort (n = 120) UCS-Rot control 0.55 0.93 (0.79–1.09) 1.30 (0.68–2.48) 1.30 (0.68–2.48) 
Subgroup: “all headache” at baseline (n = 88) UCS-Rot control 0.61 2.25 (0.80–6.35) 0.84 (0.69–1.03) 1.92 (0.78–4.69) 
Subgroup: “headache only” at baseline (n =
17) 

UCS-Rot control 0.84 3.25 
(0.35–30.32) 

0.81 (0.53–1.25) 2.0 (0.39–10.24) 

Subgroup: “NP only” at baseline (n = 24) Total score (>2/7) 0.70 3.00 
(0.43–20.86) 

0.71 (0.45–1.13) 2.88 (0.43–19.30) 

LCS control (>1/4) 0.75 2.75 (0.79–9.55) 0.42 
(0.18–0.96) 

3.55 (0.89–14.15) 

Sagittal control (>0/ 
4) 

0.77 2.17 (0.86–5.46) 0.30 
(0.09–0.95) 

3.33 
(1.05–10.56) 

LCS-E control 0.70 2.75 (0.79–9.55) 0.42 
(0.18–0.96) 

3.55 (0.89–14.15) 

LCS-F control 0.68 4.00 
(0.60–26.68) 

0.57 
(0.33–1.00) 

4.20 (0.61–28.80) 

AUC = area under the curve: (only contrasts with ≥0.5 are shown); E = Extension; F= Flexion, LR+ = positive likelihood ratio; LR- = negative likelihood ratio; RR =
relative risk ratio; LCS = lower cervical spine; NP = neck pain; Rot = rotation; UCS = upper cervical spine; Values in brackets are 95% confidence intervals. Values in 
bold do not include the effect of the null hypothesis. 
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for some contrasts (Dingenen et al., 2018). Last, each MCT contributed 
equally to a composite score, assuming that each test is equally difficult 
to control. However, positive findings were more often found for LCS 
MCTs and in the sagittal plane, indicating that these tests were generally 
more difficult to perform. Adelt et al. determined varying difficulties for 
directional MCTs for the lower back using an item-response theory 
approach (Adelt et al., 2021). They proposed an ordered use of tests for 
the same direction, starting with the most difficult (Adelt et al., 2021). In 
this respect, rotational control tests in the current study might have been 
too easy and may have led to negative scores, even in symptomatic 
participants. 

In conclusion, movement control tests of the cervical spine have 
shown slight to nearly perfect inter-rater reliability. Impaired movement 
control, especially of UCS-Rot was found slightly more often in people 
with headache and NP. Risk for future headache events was higher in 
those with initial headache & NP AND >2/7 positive MCTs, while future 
NP events are more likely in those with initial NP and impaired move-
ment control in the sagittal plane. 
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