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A B S T R A C T

Question: What is the diagnostic accuracy of the International Federation of Orthopaedic Manipulative
Physical Therapists (IFOMPT) framework to assess the risk of vascular complications in patients seeking
physiotherapy care for neck pain and/or headache? Design: Cross-sectional diagnostic accuracy study.
Participants: One hundred and fifty patients seeking physiotherapy for neck pain and/or headache in pri-
mary care. Methods: Nineteen physiotherapists performed the index test according to the IFOMPT frame-
work. Patients were classified as having a high, intermediate or low risk of vascular complications, following
manual therapy and/or exercise, derived from the estimated risk of the presence of vascular pathology. The
reference test was a consensus medical decision reached by a vascular neurologist and an interventional
neurologist, with input from a neuroradiologist. The neurologists had access to clinical data and magnetic
resonance imaging of the cervical spine, including an angiogram of the cervical arteries. Outcome measures:
Diagnostic accuracy measures were calculated for ‘no contraindication’ (ie, the low-risk category) and
‘contraindication’ (ie, the high-risk and intermediate-risk categories) for manual therapy and/or exercise.
Sensitivity, specificity, predictive values, likelihood ratios and the area under the curve were calculated.
Results: Manual therapy and/or exercise were contraindicated in 54.7% of the patients. The sensitivity of the
IFOMPT framework was low (0.50, 95% CI 0.39 to 0.61) and its specificity was moderate (0.63, 95% CI 0.51 to
0.75). The positive and negative likelihood ratios were weak at 1.36 (95% CI 0.93 to 1.99) and 0.79 (95% CI 0.60
to 1.05), respectively. The area under the curve was poor (0.57, 95% CI 0.49 to 0.65). Conclusion: The IFOMPT
framework has poor diagnostic accuracy when compared with a reference standard consisting of a consensus
medical decision. [de Best RF, Coppieters MW, van Trijffel E, Compter A, Uyttenboogaart M, Bot JC,
Castien R, Pool JJM, Cagnie B, Scholten-Peeters GGM (2023) Risk assessment of vascular complications
following manual therapy and exercise for the cervical region: diagnostic accuracy of the International
Federation of Orthopaedic Manipulative Physical Therapists framework (The Go4Safe project). Journal
of Physiotherapy 69:260–266]
© 2023 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Atherosclerosis and cardioembolic sources are common causes of
stroke.1,2 However, a cervical arterial dissection is the most frequent
reason for stroke in young and middle-aged adults.3 Patients with
cervical arterial dissection can present withmusculoskeletal neck pain
and/or headache as one of the first symptoms and sometimes the only
symptom.4,5 For these complaints, patients oftenfirst visit primarycare
clinicians such as general practitioners and physiotherapists.
n. Published by Elsevier B.V. This is
It is of the utmost importance that primary care clinicians can
accurately distinguish between vascular and musculoskeletal neck
pain and headache. However, vascular pathology is often missed in
the screening and diagnostic processes.6,7 This leads to inadequate
referral and treatment, and decreases the safety of primary care in-
terventions. Adverse events due to missed or misdiagnosed vascular
pathology rank high in malpractice claims.8

Cervical mobilisation, manipulation and exercise (MT/Ex) are
frequently used and effective treatments for musculoskeletal neck
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pain and headache9–11 and are recommended in clinical practice
guidelines.12 However, cervical manipulation has also been associated
with vascular complications.13 Serious adverse events (eg, dissection
of the vertebral or carotid artery) have been reported in the
literature,14,15 but the reported incidence of vascular pathology
following spinal manipulation is low (ranging from 0.4 to 5.0 per
100,000 patients).13,16 These serious adverse events may be the result
of misdiagnosed or missed vascular pathologies,15,3 or the direct
consequence of the intervention without pre-existing vascular
pathology. The causality still remains debatable.17

To reduce diagnostic errors and the risk of serious adverse events
following MT/Ex, the International Federation of Orthopaedic
Manipulative Physical Therapists (IFOMPT) developed a clinical
reasoning framework for the cervical spine (the IFOMPT framework)
based on the best available evidence.18 The purpose of this framework
is to make the best judgment on the risk of vascular complications
following MT/Ex derived from the estimated risk of the presence of
vascular pathology. The IFOMPT framework guides physiotherapists
generating and testing hypotheses related to vascular complications
following treatment. For this, an adequate patient interview with
knowledge of signs, symptoms and risk factors for vascular pathology
is required. However, the diagnostic accuracy of the IFOMPT frame-
work remains unknown.19

Therefore, the research question for this cross-sectional diagnostic
accuracy study was:

What is the diagnostic accuracy of the IFOMPT framework to
assess the risk of vascular complications in patients seeking
physiotherapy care for neck pain and/or headache?
Figure 1. Flow of the IF
Methods

Design

This diagnostic accuracy study compared the outcome of the
IFOMPT framework with a reference standard consisting of a
consensus medical decision. Approximately two-thirds of the pa-
tients also participated in a study to determine the reliability of
the IFOMPT framework in assessing the risk of vascular compli-
cations following MT/Ex; these findings have previously been
reported.19

Participants

Patients with neck pain and/or headache were recruited between
July 2017 and March 2019 from 12 primary care physiotherapy
practices in the Netherlands. Patients were eligible if they consulted a
physiotherapist for neck pain and/or headache, were aged � 18 years
and had sufficient knowledge of the Dutch language to complete a
questionnaire. Patients with claustrophobia, internal pacemaker,
metal implants in/or around the neck or face, or those who were
unable to lie supine for 20 minutes were excluded, as they were
ineligible to undergo part of the reference test.

Index test

The original IFOMPT framework was published in 201418 and
revised in 2023.20 In this study, the index test was performed ac-
cording to the original version of the IFOMPT framework,18 as the
OMPT framework.



Table 1
Participant characteristics.

Characteristics Participants
(n = 156)

Sex, n female (%) 94 (60)
Age (y), median (IQR) 49 (38 to 60)
Body mass index (kg/m2), median (IQR) 25.5 (23.3 to 28.7)
Distribution of symptomsa, n (%)
occipital headache 6 (4)
headache around ear and jaw 6 (4)
mid/upper cervical spine 36 (25)
lower cervical spine 24 (16)
mid/upper cervical spine and occipital headache 26 (18)
mid/upper cervical spine and ear/jaw headache 5 (3)
other (eg, lower cervical spine and arm pain) 43 (29)

Mean of previous week pain intensity (0 to 10), median (IQR)
headache 5 (4 to 7)
neck pain 5 (3 to 7)

Causeb, n (%)
trauma within 30 days 22 (14)
non trauma 134 (86)

Duration of symptomsc, n (%)
, 6 weeks 21 (15)
6 to 12 weeks 19 (13)
. 12 weeks 102 (72)

Additional symptoms, n (%)
dizzinessd 61 (41)
reduced sensation in arms or legsd 63 (42)
reduced muscle force in arms or legse 47 (32)
difficulty swallowinge 20 (13)
difficulty speakingd 20 (13)
diplopiae 23 (15)
fainting/risk of fallingd 34 (23)

Other risk factors present, n (%)
high blood pressuref 36 (23)
high cholesterolg 32 (21)
history of cardiovascular eventg 7 (5)
history of cerebrovascular accidentb 7 (5)
smokingb 22 (14)
alcohol use (. 1 unit a day)d 16 (11)
infection in the past 30 daysg 11 (7)
migraine without aurab 10 (7)
cervical manipulation in historyb 101 (66)

a 10 missing values.
b 4 missing values.
c 14 missing values.
d 6 missing values.
e 7 missing values.
f 2 missing values.
g 3 missing values.
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study was already in progress when the revised framework was
released. First, the physiotherapist screened for general red flags for
serious pathology or contraindications for MT/Ex. Then, a structured
clinical reasoning process was conducted, in which the patient
interview was used to establish and test hypotheses regarding the
origin of the neck pain and/or headache (ie, musculoskeletal or
vascular pathology). To make a best judgment on the probability of
either the presence of vascular pathology or contraindications for
treatment, knowledge of risk factors for vascular pathology and an
understanding of the measurement properties of diagnostic tests are
essential.

The outcome was the risk of vascular complications following MT/
Ex, derived from the estimated risk of the presence of vascular pa-
thology, scored as ‘high risk’, ‘intermediate risk’ or ‘low risk’
(Figure 1). In addition, the physiotherapist documented which factors
of the IFOMPT framework had contributed to this decision and
whether they suspected a musculoskeletal or vascular origin of the
symptoms. Furthermore, the physiotherapists scored the certainty of
their decision on a numerical rating scale (0 to 10), ranging from
0 ‘completely uncertain’ to 10 ‘completely certain’.

The index test was conducted by 19 experienced physiotherapists:
14 males and five females, with a median age of 39 years (IQR 31 to
47), median (IQR) physiotherapy experience of 18 years (IQR 9 to 22)
and median manual therapy experience of 7 years (IQR 4 to 16). All
had successfully completed an IFOMPT-recognised post-graduate
program in manual therapy. All physiotherapists had also attended a
3-hour refresher training on how to apply the IFOMPT framework.
The training was provided by two instructors of the Master of Science
program in manual therapy of the SOMT University of Physiotherapy,
Amersfoort, the Netherlands. The instructors had 6 years (RdB) and
14 years (JC) of teaching experience in manual therapy, and 10 years
and 37 years of relevant clinical experience, respectively. The objec-
tives of the training were to: refresh the risk factors and clinical
manifestations of cervical arterial pathology; practise clinical
reasoning focused on the estimation of the probability of vascular
pathology or vascular complications following MT/Ex; and train
diagnostic skills (ie, taking blood pressure measurements, examining
the cranial nerves and palpating the carotid artery to assess asym-
metry between left and right arteries, a pulsatile or an expandable
mass).

Reference test

The reference test was a consensus medical decision reached by a
vascular neurologist (AC) and an interventional neurologist (MU),
with input from a neuroradiologist (JCB). For patients with neck pain
or headache, no single test is available as a gold standard to deter-
mine the risk of an underlying vascular pathology or the risk of a
vascular complication following MT/Ex to the cervical spine.21 As part
of the reference test, all patients underwent magnetic resonance
imaging examination of the cervical spine to assess degenerative
spine disease (eg, herniated discs, degenerative disc disease, spinal
stenosis) and a magnetic resonance angiogram (MRA) of the cervical
arteries to identify possible vascular pathology (eg, dissection,
aneurysm, fibro-muscular dysplasia, atherosclerosis and steno-
sis).22–24 The degree of stenosis was based on the North American
Symptomatic Carotid Endarterectomy Trial (NASCET) formula and
determined by the neuroradiologist.

Magnetic resonance was performed on a commercial scannera

using a protocol consisting of sagittal T2-weighted fast relaxation fast
spin echo to detect cervical degenerative disease, axial 3D time of
flight spoiled gradient echo MRA for vessel lumen imaging, and a 3D
black blood T1-weighted sequence (Cube, fast spin echo with variable
flip angle) with fat-suppressed images for vessel wall imaging.

The neurologists based their decision on the patient’s character-
istics gathered via a questionnaire, the MRA and magnetic resonance
report provided by the neuroradiologist. The questionnaire for the
patient’s characteristics was based on the literature,4,25–27 and dis-
cussed and amended in a focus group meeting of medical specialists
(n = 3) and physiotherapists (n = 2). The questionnaire consisted of
clinical and history data, and information about risk factors for
various types of vascular pathologies.4,22–24

The neurologists evaluated the patient data, MRA and magnetic
resonance report, and independently assigned a high risk, interme-
diate risk or low risk of vascular complications derived from the
estimated risk of the presence of vascular pathology. In case of
disagreement, a meeting was organised to reach consensus. Similar to
the physiotherapists for the index test, the neurologists individually
scored the degree of certainty of their risk classification for the
reference test (numerical rating scale 0 to 10).

Blinding and timing

The patients, neurologists and neuroradiologist were blinded to
the results of the index test. Patient data for the reference test were
gathered after the index test was performed. The magnetic resonance
examinationwas performed within 3 weeks of the index test. Patients
received no treatment before the reference test was performed.

Data analysis

Sample size calculation
As the IFOMPT framework serves as a screening instrument, high

sensitivity is required. It was determined that a 95% CI lower limit of
0.8 was needed for sensitivity. The anticipated prevalence (0.3) of a



Table 2
Distribution of the test results (n = 150).

Index test Reference test
three categories

Reference test
two categories

High
risk

Intermediate
risk

Low
risk

Contraindicationa No
contraindicationb

High risk 9 10 10 41 25
Intermediate risk 3 19 15
Low risk 3 38 43 41 43

For the two-category analysis, high risk and intermediate risk were merged into
‘contraindication’.

a Contraindication for manual therapy and exercise.
b No contraindication for manual therapy and exercise.
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high risk of vascular complications following MT/Ex was based on a
pilot study in primary care physiotherapy practices. For a 95% CI
lower limit of 0.8, a prevalence of 0.3 and allowing for 4% loss to
follow-up, 156 patients were needed. The sample size was calculated
using free softwareb.
Statistical analysis
In cases of incomplete data from the questionnaire, the main

investigator (RdB) approached the participants to obtain the missing
items. Participants with missing risk classification on the index test
or reference test were excluded from the analysis. The characteristics
of the physiotherapists and patients were summarised using
descriptive statistics. Data were checked for normality using visual
inspection of a histogram and boxplot, and tested with the Shapiro–
Wilk test.

Means and standard deviation were calculated when continuous
data were normally distributed. When data were not normally
distributed, the median and IQR were presented. For categorical data,
absolute and relative frequencies were presented.

To determine diagnostic accuracy, the variable ‘risk category’ was
dichotomised into ‘contraindication for MT/Ex’ and ‘no contraindi-
cation for MT/Ex’. ‘Intermediate risk’ and ‘high risk’were combined as
‘contraindication for MT/Ex’, as MT/Ex should be avoided or delayed
(MT/Ex is contraindicated) for these categories, whereas there is no
contraindication for MT/Ex and MT/Ex could be indicated in the ‘low
risk’ category.

Two-by-two tables were constructed, in which the results of the
index test were plotted against the results of the reference test to
calculate prevalence, sensitivity, specificity, predictive values,
Consenting pa

(n = 15

Index test positive

(n = 69)

Reference test (n = 66)

• positive (n = 41)

• negative (n = 25)

No reference test (n = 3)

• illness (n = 1)

• not meeting selection criteria MRA (n = 2)

Figure 2. Flow of participa
likelihood ratios and the area under the curve. For the interpretation
of sensitivity and specificity values, sensitivity and specificity values
were considered as follows: � 0.80 as high, 0.60 to 0.79 as moderate
and , 0.60 as low. A positive likelihood ratio (LR1) , 2 or negative
likelihood ratio (LR–) . 0.5 were considered to be weak; LR1 from 2
to 5 and LR– from 0.5 to 0.2 were considered to be moderate; and
LR1 . 10 and LR– , 0.1 were considered to be strong.28,29 An area
under the curve . 0.9 was considered to be outstanding, 0.8 to 0.9
was considered excellent, 0.7 to 0.8 was considered acceptable and
0.5 to 0.6 was considered poor. An area under the curve of 0.5 sug-
gested that the index test had no discriminatory ability.30 All data
were analysed using free softwarec.
Results

Most patients were middle-aged women with prolonged symp-
toms of neck pain and/or headache (. 12 weeks). Around 40% re-
ported additional symptoms such as reduced sensation, reduced
muscle strength and dizziness (Table 1).

Based on the reference test, 10.0% of the patients were categorised
as having a ‘high risk’. The median certainty of this decision was NRS
7 (IQR 6 to 8) for one neurologist and 7 (IQR 7 to 8) for the other
neurologist; 44.7% were categorised as ‘intermediate risk’ with a
median certainty score of 7 (IQR 5 to 7) and 7 (IQR 7 to 7) for the two
neurologists, and 45.3% as ‘low risk’ with a median certainty score of
7 (IQR 6 to 8) and 7 (IQR 7 to 7).

Based on the IFOMPT framework, 19.3% of the patients were
classified as having a ‘high risk’ and the median certainty of their
decision was NRS 8 (IQR 7 to 9); 24.7% were categorised as ‘inter-
mediate risk’ with a median certainty score of 7 (IQR 6 to 8); and
56.0% were categorised as ‘low risk’ with a median certainty score of
8 (IQR 7 to 9) (Table 2). Consequently, the prevalence of ‘contrain-
dication for MT/Ex’ was 44.0% for the index test and 54.7% for the
reference test. The flow of the patients is presented in Figure 2.

The neurologists predominantly used the clinical information
combined with the results of the MRA to make their decision. No
decisions were based solely on physical tests or the MRA scan
(Table 3). The physiotherapists used clinical information from the
history taking as the most important source of information for
decision-making (Table 4).

The sensitivity of the IFOMPT framework was low (0.50, 95% CI
0.39 to 0.61) and the specificity was moderate (0.63, 95% CI 0.51 to
0.75). The LR1 of 1.36 and LR– of 0.79 were weak. The area under the
rticipants

6)

Index test negative

(n = 87)

Reference test (n = 84)

• positive (n = 41)

• negative (n = 43)

No reference test (n = 3)

• not meeting selection criteria MRA (n = 3)

nts through the study.



Table 5
Diagnostic accuracy estimates.

Statistic Estimate 95% CI

Prevalence 0.55
Sensitivity 0.50 0.39 to 0.61
Specificity 0.63 0.51 to 0.75
Positive predictive value 0.62 0.49 to 0.79
Negative predictive value 0.51 0.40 to 0.62
Positive likelihood ratio 1.36 0.93 to 1.99
Negative likelihood ratio 0.79 0.60 to 1.05
Area under the curve 0.57 0.49 to 0.65

Table 3
Contributing factors for risk category assessment by expert panel.

Potential underlying pathology
(n)

Risk category (n) Contributing factors (n)

Vascular (dissection) (71) High (10) Clinical information only (3)
Clinical information and
MRA (7)
MRA only (0)

Intermediate
(61)

Clinical information only
(37)
Clinical information and
MRA (24)
MRA only (0)

Vascular (non-dissection) (8) High (4) Clinical information only (0)
Clinical information and
MRA (4)
MRA only (0)

Intermediate (4) Clinical information only (2)
Clinical information and
MRA (2)
MRA only (0)

Other (eg, osteoarthritis,
stenosis, rheumatoid
arthritis) (3)

High (1) Clinical information only (0)
Clinical information and
MRA (1)
MRA only (0)

Intermediate (2) Clinical information only (0)
Clinical information and
MRA (2)
MRA only (0)

The numbers in parentheses indicate the number of people.
MRA = magnetic resonance angiography.
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curve was poor (0.57, 95% CI 0.49 to 0.65) (Table 5). The receiver
operating characteristic curve is presented in Figure 3.
Discussion

The diagnostic accuracy of the IFOMPT framework compared with
a consensus medical decision was low. As the IFOMPT framework
aims to detect patients who are at risk of vascular complications
following MT/Ex, derived from the estimated risk of the presence of
vascular pathology, a high sensitivity is required.31 In this study, a
sensitivity of 0.50 (95% CI 0.39 to 0.61) was found. In other words,
there is a 50% chance of correctly identifying patients with a high risk
of vascular complications from and contraindications for MT/Ex. The
specificity of 0.63 (95% CI 0.51 to 0.75) was moderate, but the lower
bound was low. Moreover, a 0.37 false positive rate reflects a fairly
frequent incorrect assumption that MT/Ex is contraindicated and may
lead to unnecessary referrals to medical specialists and expensive
medical work-up. Moreover, due to a high pre-test probability of
54.7% (prevalence), the IFOMPT framework adds on 7.3% to the post-
test probability (62% positive predictive value).
Table 4
Contributing factors for risk category assessment by physiotherapists.

Potential underlying pathology (n) Risk category (n) Contributing factors (n)

Vascular (dissection) (13) High (6) History taking only (4)
History taking and physical
examination (2)

Intermediate (7) History taking only (5)
History taking and physical
examination (2)

Vascular (non-dissection) (53) High (23) History taking only (18)
History taking and physical
examination (5)

Intermediate (30) History taking only (26)
History taking and physical
examination (4)

Other (eg, osteoarthritis,
stenosis, rheumatoid
arthritis) (0)

High (0) History taking only (0)
History taking and physical
examination (0)

Intermediate (0) History taking only (0)
History taking and physical
examination (0)

The numbers in parentheses indicate the number of people.
There are no studies that have assessed the diagnostic accuracy of
the risk assessment for vascular complications in patients with neck
pain and/or headache prior to MT/Ex. However, there are studies that
have assessed the diagnostic accuracy of clinical testing for upper
cervical instability,32 cervical spine myelopathy33 or pre-manipulative
vertebrobasilar insufficiency.34 However, these tests were performed
in isolation or as an add-on test to filter false-negative test results on
history taking, and had high risk of bias.

The IFOMPT framework was published in 201418 and revised in
2023.20 The revised framework distinguishes characteristics between
dissection and non-dissection events, it has updated the diagnostic
accuracy of provocative positional testing and upper cervical insta-
bility testing,32,34 and a risk-benefit analysis is advised as an outcome,
instead of estimating three categories (high, medium and low risk).
As data collection had started by July 2017, the current study used the
first version of the IFOMPT framework,18 but modified some aspects,
which were also reflected in the revised framework.20 For example,
the physiotherapists were aware of the difference between the
characteristics of dissection and non-dissection events, and infor-
mation on the lack of diagnostic accuracy of provocative positional
testing and upper cervical instability testing was provided.32,34 In
both versions of the framework, clinical reasoning is encouraged and
physiotherapists need to combine patient interview items and clinical
tests to verify or falsify the vascular hypothesis.

When taking the above into consideration, the three risk cate-
gories ‘high risk’, ‘intermediate risk’ and ‘low risk’ were dichotomised
into ‘contraindication for MT/Ex’ and ‘no contraindication for MT/Ex’
for the analyses. This is also in line with the revised IFOMPT frame-
work,20 in which a risk-benefit analysis is advised, instead of esti-
mating the three categories. As there are no fundamental differences
between the framework as used in this study and the revised
framework,20 it is unlikely that the diagnostic accuracy would have
Figure 3. Receiver operating characteristic curve.
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been substantially better if the revised IFOMPT framework had been
assessed.

Our study reported a prevalence of 0.55 (‘contraindication’
category), which is higher than the reported incidence of vascular
pathology related to manual therapy in the literature.13,16,35 This
suggests that selection bias was present, and that patients ‘at risk of
vascular pathology’were predominantly included. Patients with more
severe complaints may have been more willing to participate, as
participation meant receiving a magnetic resonance examination free
of charge, which is not part of standard care and could contribute to a
better diagnosis and safer treatment. Unfortunately, we did not
register all eligible consecutive patients, so selection bias could not be
ruled out. It is, however, important to remember that the high
prevalence reflects the percentage of patients ‘at risk of vascular
complications following MT/Ex’ derived from the estimated risk of
the presence of vascular pathology and not all patients with a
contraindication for MT/Ex actually have vascular pathology or will
experience a vascular complication after MT/Ex. The actual
prevalence of vascular pathology is much lower.36 Furthermore, by
combining the ‘intermediate risk’ and ‘high risk’ categories for
analyses as ‘contraindication for MT/Ex’, the prevalence increased
from 0.10 to 0.55.

This study found that the IFOMPT framework has poor diagnostic
accuracy when compared with a reference standard (medical
consensus decision). The IFOMPT framework assists physiotherapists
in considering whether a patient has an increased risk of a vascular
complication following MT/Ex based on potential underlying vascular
pathology. However, the results of this study show that the IFOMPT
framework is unable to guide physiotherapists adequately in making
an accurate risk estimation to identify patients with an increased risk
of a vascular complication following MT/Ex.

A previous study into the reliability and agreement of the IFOMPT
framework among physiotherapists showed a moderate reliability
and an acceptable agreement (when contraindication versus no
contraindication for treatment was considered).19 Although these
results came from related studies, the reliability and diagnostic
accuracy of the IFOMPT framework were both unfavourable. More
research and a different clinical approach is needed to correctly
identify patients at risk of vascular complications after MT/Ex to
improve the safety of MT/Ex applied to the cervical spine.
What was already known on this topic: Patients with cer-
vical arterial dissection can present with musculoskeletal neck
pain and/or headache as one of the first symptoms and some-
times the only symptom. Physiotherapists must be able to
distinguish between vascular and musculoskeletal neck pain and
headache. To assist with this, the International Federation of
Orthopaedic Manipulative Physical Therapists (IFOMPT) devel-
oped a clinical reasoning framework for the cervical spine.
What this study adds: The IFOMPT framework has poor
diagnostic accuracy. The sensitivity was low and the specificity
was moderate. The positive and negative likelihood ratios were
weak. The area under the curve was poor.

Footnotes: a 3T Discovery mr750, General Electric, Boston, USA.
b R-Studio, V.2021.09.0, R Core Team, Vienna, Austria.
c R software, V.4.1.1, CRAN.R-project, Vienna, Austria.
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