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Abstract 

Introduction Proprioception can be impaired in people with neck pain. The cervical joint position sense test, which 
measures joint position error (JPE), is the most common test used to assess neck proprioception. The aim of this sys-
tematic review was to assess the measurement properties of this test for the assessment of people with and without 
neck pain.

Methods This systematic review was registered prospectively on Prospero (CRD42020188715). It was designed 
using the COSMIN guidelines and reported in line with the PRISMA checklist. Two reviewers independently searched 
Medline, Embase, SportDiscus, and CINAHL Plus databases from inception to the 24th July 2022 with an update 
of the search conducted until 14th of October 2023. The COSMIN risk of bias checklist was used to assess the risk 
of bias in each study. The updated criteria for good measurement properties were used to rate individual studies 
and then the overall pooled results. The level of evidence was rated by two reviewers independently using a modified 
GRADE approach.

Results Fifteen studies were included in this review, 13 reporting absolute JPE and 2 reporting constant JPE. The 
measurement properties assessed were reliability, measurement error, and validity. The measurement of JPE showed 
sufficient reliability and validity, however, the level of evidence was low/very low for both measurement properties, 
apart from convergent validity of the constant JPE, which was high.

Conclusion The measure of cervical JPE showed sufficient reliability and validity but with low/very low levels of evi-
dence. Further studies are required to investigate the reliability and validity of this test as well as the responsiveness 
of the measure.
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Background
Cervical sensorimotor control relies on the integration 
of visual, vestibular, and somatosensory information [1]. 
Afferent information from muscle spindles is known to 
contribute significantly to cervical proprioception; in 
particular muscles in the upper cervical region contain a 
high density of muscle spindles, which implies that they 
have an important role in neck proprioception [2].

Several outcome measures have been used to assess 
cervical proprioception with the joint position sense test 
being the most common test to evaluate joint position 
error (JPE) [2]. The joint position sense test determines 
a person’s ability to relocate their head back to a target 
position following active neck movement whilst their 
vision is occluded. Two commonly used joint position 
sense tests that measure JPE include the neutral head 
position (NHP) test, having the participant return to a 
neutral head position following active movement, or the 
target head position (THP) test, where target head posi-
tion is determined by the participant or assessor [3].

Several studies have evaluated cervical proprioception 
by quantifying JPE in people with neck pain and have 
shown that cervical proprioception can be impaired in 
people with neck pain regardless of the aetiology [4–6]. 
For example, Revel et  al. reported a higher reposition-
ing error in people with chronic neck pain (CNP) after 
returning to neutral from flexion, extension, and right 
and left rotation when compared to asymptomatic partic-
ipants [4]. Feipel et al. showed that people with chronic 
whiplash-associated disorders (WAD) had higher repo-
sitioning errors compared to asymptomatic participants 
[7]. Nevertheless, evidence indicates that cervical pro-
prioception is more likely to be affected and to a greater 
extent in people that have trauma-induced neck pain [8]. 
Additionally, people with WAD and dizziness complaints 
usually have higher repositioning errors when com-
pared to people with WAD but without dizziness [9, 10]. 
Impaired neck proprioception is thought to be at least 
partially attributed to a disturbance in cervical afferent 
activity [2]. Several mechanisms can contribute to this 
disturbance such as direct trauma to cervical structures, 
the influence of nociception, the presence of inflam-
matory mediators [9], and psychological distress [8]. A 
disturbance in cervical afferent input is also thought to 
contribute symptoms of dizziness for some patients [8].

Knowledge of the psychometric properties of outcome 
measures, which includes their reliability, validity, and 
responsiveness, are important as they reflect data accu-
racy and precision [11]. Michiels et al. carried out a sys-
tematic review investigating the measurement properties 
of cervical sensorimotor control tests [12]. In their 2012 
review, they investigated the reliability and discrimina-
tive validity of tests. Although this systematic review did 

not use the now recommended Consensus-based Stand-
ards for the Selection of health Measurement Instrument 
(COSMIN) reporting guidelines [13], they reported that 
the NHP test showed fair to excellent reliability (ICC 
range: 0.35–0.87) while the THP showed poor to excel-
lent reliability (ICC range: 0.01–0.9). Additionally, the 
JPE test was able to discriminate between people with 
and without chronic neck pain.

Given the number of publications since this last review, 
in this current systematic review, we aimed to build upon 
this research to synthesise the available evidence in rela-
tion to a range of measurement properties (reliability, 
measurement error, validity, and responsiveness) of the 
measure of cervical JPE for the assessment of people with 
and without neck pain.

Design and methods
This systematic review was designed using the COSMIN 
risk of bias (RoB) guidelines for reliability and measure-
ment error of outcome measurement instruments as well 
as the COSMIN methodology for systematic reviews of 
Patient-Reported Outcome Measures (PROMs) [13, 14] 
and is reported in accordance with the Preferred Report-
ing Items for Systematic Review and Meta-Analysis 
(PRISMA) [15]. The protocol was registered with PROS-
PERO on the 10th of July 2020 (CRD42020188715).

Deviations from the study protocol
The initial protocol described a systematic review of the 
measurement properties of proprioception tests for all 
regions of the spine. However, following an initial review 
of the literature and appreciation of the number of stud-
ies conducted in different spinal regions, the decision was 
made to focus on the measurement properties of cervi-
cal JPE only. Additionally, the original plan was to use 
the COSMIN RoB checklist for PROMs, however since 
publishing the protocol, the authors were made aware of 
the new COSMIN RoB checklist for reliability and meas-
urement error of outcome measurement instruments. 
Thus, this new tool was used to assess RoB of reliabil-
ity, measurement error, and criterion validity [14]. The 
COSMIN RoB checklist for PROMs was used to assess 
construct and discriminative validity [16] as suggested 
in the manual for the COSMIN RoB checklist for reli-
ability and measurement error of outcome measurement 
instruments.

Eligibility criteria
The following inclusion criteria are based on the Sample, 
Phenomena of Interest, Design, Evaluation, and Research 
type (SPIDER) guidelines [17].
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• Sample: people with and without neck pain aged ≥ 18 
years. Those with neck pain included regardless of 
the stage of their neck pain (e.g., acute, or chronic) or 
aetiology (e.g., non-specific or attributed to pathol-
ogy).

• Phenomena of interest: cervical proprioception.
• Design: any study which investigated at least one of 

the domains (reliability, validity, responsiveness, and 
their sub-domains) of the COSMIN checklist and 
reported absolute error (AE) or constant error (CE) 
in degrees.

• Evaluation: any study that evaluated measurement 
properties of the measure of cervical JPE.

• Research type: quantitative research.

Exclusion criteria
Studies that included patients that had undergone cervi-
cal spine surgery and studies not written in English were 
excluded.

Information sources
The following databases were searched as recommended 
by the COSMIN guidelines for systematic reviews [13], 
from inception to the 24th July 2022 with an update of 
the search conducted until 14th of October 2023: MED-
LINE, Embase, SportDiscus, and CINAHL plus. Manual 
searches were carried out for: The Spine Journal, Euro-
pean Spine Journal, Journal of Musculoskeletal Science 
and Practice, and the Journal of Orthopaedic and Sport 
Physical Therapy. Grey literature (Open Grey, ProQuest, 
and EThOS) was hand searched.

Search strategy
Following scoping searches and discussions with co-
authors, the search strategy was developed, and a librar-
ian was consulted. Search terms are provided in Table 1. 
Search syntax was translated to meet the requirements of 
each database.

Data management
Endnote software version X9 (Clarivate Analytics) was 
used to manage citations and bibliographies and store 
articles found and eliminate duplicates.

Study selection
AA carried out the initial search of the databases, after 
that, two researchers (AA, SA) independently carried out 
the screening of potentially eligible studies. The screen-
ing and selection were carried out in two steps. Step 1: 
Abstracts and titles using the eligibility criteria. Step 
2: Retrieve full text of potentially relevant studies to be 
screened. Studies were included if both reviewers had 
agreed on inclusion after screening the full text. In case 
of any disagreement, a third reviewer (DF) was consulted.

Data extraction and data items
Two researchers (AA, SA) independently carried out the 
data extraction from the included studies. Extracted data 
items were characteristics of the studies (study design 
and sample size), characteristics of the participants (age, 
gender, population), testing instrument, testing proto-
cols, measurement properties (reliability, measurement 
error, validity, and responsiveness), and results. In case of 
any disagreement, a third reviewer (DF) was consulted.

Risk of bias assessment
Included studies were independently assessed by two 
reviewers (AA, SA) using the COSMIN RoB checklist 
for reliability and measurement error of outcome meas-
urement instruments to assess RoB of reliability, meas-
urement error, and criterion validity [14]. The COSMIN 
RoB checklist for PROMs was used to assess construct 
and discriminative validity [16]. Both checklists have four 
scores (very good, adequate, doubtful, and inadequate) 
[16] that assess measurement properties with regard to 
design and statistical methods. In case of any disagree-
ment, a third reviewer (DF) was consulted.

Data synthesis
Data synthesis of the results was undertaken in accord-
ance with COSMIN guidelines [13]. After assessing the 
risk of bias, each study was rated using the updated cri-
teria for good measurement properties as sufficient ( +), 

Table 1 MEDLINE syntax used in MEDLINE database

Search terms Neck pain OR neck dysfunction OR cervical pain OR cervical dysfunction AND Propriocept* OR movement sense OR kinesthes* 
OR repositioning OR repositioning error OR position sense OR motion perception OR active position sense OR passive position sense 
AND Reliability OR validity OR responsiveness OR reproducibility of results OR reproducib* OR reliab* OR valid* OR stability OR interrater 
OR interrater OR intrarater OR intrarater OR intra-rater OR intratester OR intra-tester OR interobserver OR inter-observer OR intraobserver 
OR intra-observer OR intertechnician OR inter-technician OR intratechnician OR intra-technician OR interexaminer OR inter-examiner 
OR intraexaminer OR intra-examiner OR intraclass correlation OR standard error of measurement OR sensitiv* OR responsive* OR mini-
mal detectable concentration OR interpretab* OR small detectable change OR ceiling effect OR floor effect
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insufficient (-), or indeterminate (?) [13], then, the over-
all results of each measurement property per outcome 
measure per population were rated against the criteria 
of a good measurement property as sufficient ( +), insuf-
ficient (-), inconsistent ( ±), or indeterminate (?) [13]. 
Table 2 presents the updated criteria for good measure-
ment properties.

The overall level of evidence for each outcome measure 
and its respective measurement property was then deter-
mined independently by two reviewers (AA, SA) using 
a modified Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) approach [19]. 
Table 3 presents the modified GRADE approach used to 
rate the overall quality of the evidence. More information 
on how to downgrade the level of evidence can be found 
in the COSMIN user manual [19].

Results
Fifteen studies were included four with CNP, three that 
did not specify the type of neck pain, one with cervico-
genic disc disease, and seven studies that included par-
ticipants without neck pain. There was a 100% agreement 
between raters (AA, SA) for the included studies. Search 
results are summarised in Fig. 1 and Table 4 summarises 
the extracted data from the included studies.

Absolute joint position error for people with neck pain
Intra‑rater reliability
For the NHP test, six studies investigated intra-rater 
reliability of absolute JPE. One study included partici-
pants with CDD [5] testing right and left rotation using 

a CROM device and 3 trials for their assessment in sit-
ting position, however only the NHP test was reported. 
This study was rated as inadequate in the RoB checklist 
and sufficient in the updated criteria for good measure-
ment properties. Three studies mentioned neck pain 
participants but failed to report type or duration of neck 
pain [3, 30, 33]. Alahmari et al. [3] carried out their intra-
rater reliability assessment for the NHP test, it was rated 
as inadequate in the RoB checklist and sufficient in the 
updated criteria for good measurement properties. Burke 
et al. [30] carried out their intra-rater reliability using two 
devices, the CROM and laser. Both were rated as inade-
quate in the RoB checklist and insufficient in the updated 
criteria for good measurement properties. Cid et al. [33] 
investigated the intra-rater reliability of the NHP, it was 

Table 2 The updated criteria for good measurement properties [13, 18]

ICC intraclass correlation coefficient, SDC smallest detectable change, LoA limits of agreement, MIC minimal important change, AUC  area under curve

Measurement property Rating Criteria

Reliability Sufficient ( +) ICC or weighted Kappa ≥ 0.7

Indeterminate (?) ICC or weighted Kappa not reported

Insufficient (-) ICC or weighted Kappa < 0.70

Measurement error Sufficient ( +) SDC or LoA < MIC

Indeterminate (?) MIC not defined

Insufficient (-) SDC or LoA > MIC

Hypothesis testing for construct validity Sufficient ( +) The result is in accordance with the hypothesis

Indeterminate (?) No hypothesis defined (by the review team)

Insufficient (-) The result is not in accordance with the hypothesis

Criterion validity Sufficient ( +) Correlation with gold standard ≥ 0.70 OR AUC ≥ 0.70

Indeterminate (?) Not all information for ‘ + ’ reported

Insufficient (-) Correlation with gold standard < 0.70 OR AUC < 0.70

Responsiveness Sufficient ( +) The result is in accordance with the hypothesis OR AUC ≥ 0.70

Indeterminate (?) No hypothesis defined (by the review team)

Insufficient (-) The result is not in accordance with the hypothesis7 OR AUC < 
0.70

Table 3 Modified GRADE approach used to rate the overall level 
of evidence [13]

Quality of evidence Lower if there is

High
Moderate
Low
Very low

Risk of bias
-1 Serious
-2 Very serious
-3 Extremely serious
Inconsistency
-1 Serious
-2 Very serious
Imprecision
-1 Sample size (n = 50–100)
-2 Sample size (n < 50)
Indirectness
-1 Serious
-2 Very serious
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rated as inadequate in the RoB checklist and sufficient 
in the updated criteria for good measurement proper-
ties. Moreover, two studies included CNP participants 
[27, 31], and tested both right and left rotation in sit-
ting position. Roren et  al. [27] included 5 trials in their 
assessment, and used a laser pointer and US device. Both 
parts were rated as inadequate in the RoB checklist and 
insufficient in the updated criteria for good measurement 
properties. Goncalves and Silva [31] carried out within-
day and between-day intra-rater reliability investigations 
of different types of NHP tests: NHP, figure of 8 (F8T) 
relocation test, and torsion test (TT). All investigations 
for were rated as doubtful in RoB checklist and sufficient 
in the updated criteria for good measurement properties. 
Nine studies showed sufficient results and four studies 

showed insufficient results. Therefore, the overall rating 
was taken. The overall rating of the intra-rater reliability 
was rated as sufficient, but the quality of evidence was 
downgraded to very low due to inconsistency of results 
and risk of bias (multiple studies with doubtful/inade-
quate ratings and inconsistency of results) (Table 5).

For the THP test, two studies tested the intra-rater 
reliability of the THP test [3, 31]. Alahmari et al. [3] was 
rated as inadequate in the RoB checklist and sufficient 
in the updated criteria for good measurement proper-
ties. Goncalves and Silva [31] carried out a within-day 
and between-day testing. Both investigations were 
rated as doubtful in the RoB checklist and sufficient in 
the updated criteria for good measurement properties. 
The overall rating of the intra-rater reliability of the 

Fig. 1 Prisma flow diagram of the study selection process [20]. CNP = chronic neck pain. NP = neck pain. CDD = cervicogenic disc disease. 
n = number of studies
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Table 5 Summary of measurement properties of the measure of absolute JPE

Neutral head position (Neck Pain population) Summary or pooled results Overall rating Quality of evidence
Intra-rater reliability ICC: 0.58–0.93

Total sample size: 580
Sufficient Very low evidence for sufficient intra-rater reliability

• Nine studies showed sufficient results, 4 showed 
insufficient results (Inconsistent results)
• Multiple studies with doubtful/inadequate rating 
(risk of bias)
• No imprecision
• No indirectness

Inter-rater reliability ICC: 0.58–0.79
Total sample size: 169

Sufficient Low evidence for sufficient inter-rater reliability
• Three studies showed sufficient results
• Multiple studies with inadequate rating
• No inconsistency
• No imprecision
• No indirectness

Measurement error Total sample size: 736 Indeterminate Not possible to apply GRADE as the minimal impor-
tant change was not provided

Convergent validity Correlation (r < 0.5)
Total sample size: 1890

Insufficient Low evidence for insufficient convergent validity
• Thirteen studies showed sufficient results, 17 stud-
ies showed insufficient results (Inconsistent results)
• Multiple studies with adequate rating (no risk 
of bias)
• No indirectness
• No imprecision

Discriminative validity Total sample size: 496 Indeterminate Very Low evidence for indeterminate discriminative 
validity
• Seven studies were indeterminate and 1 study 
was sufficient (inconsistent results)
• Multiple studies with inadequate rating
• No imprecision
• No indirectness

Criterion validity r = 0.87–0.95
Total sample size: 184

Sufficient Low evidence for sufficient criterion validity
• Two studies were sufficient, 1 was insufficient 
(inconsistent results)
• Multiple studies with adequate rating (no risk 
of bias)
• No imprecision
• No indirectness

Target head position (Neck Pain population) Summary of pooled results Overall rating Quality of evidence
Intra-rater reliability ICC: 0.67–0.83

Total sample size: 135
Sufficient Low evidence for sufficient intra-rater reliability

• Three studies showed sufficient results
• Multiple studies with doubtful/inadequate rating
• No imprecision
• No indirectness

Inter-rater reliability ICC: 0.58–0.84
Total sample size: 69

Sufficient Very low evidence of sufficient inter-rater reliability
• One study showed sufficient results
• One study with inadequate rating (risk of bias)
• Imprecision
• No indirectness

Measurement error Total sample size: 204 Indeterminate Not possible to apply GRADE as the minimal impor-
tant change was not provided

Neutral head position (asymptomatic popula-
tion)

Summary or pooled results Overall rating Quality of evidence

Intra-rater reliability ICC: 0.52–0.93
Total sample size: 537

Sufficient Very low evidence of sufficient intra-rater reliability
• Eleven studies showed sufficient results, 6 showed 
insufficient results (inconsistent results)
• Multiple studies with doubtful/inadequate rating 
(risk of bias)
• No imprecision
• No indirectness
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THP test was rated as sufficient, but the quality of evi-
dence was downgraded to low due to risk of bias (mul-
tiple studies with doubtful/inadequate rating) (Table 5).

Inter‑rater reliability
Only two studies investigated inter-rater reliability 
of the NHP test in this population, and both did not 
report type of neck pain. Alahmari et al. [3] was rated 
as inadequate in the RoB checklist and sufficient in the 
updated criteria for good measurement properties. 
Burke et  al. [30] carried out their investigation using 
two devices the laser pointer and the CROM. Both were 
rated as inadequate in the RoB checklist and sufficient 
in the updated criteria for good measurement proper-
ties. A total of three investigation showing sufficient 
results. The overall rating was rated as sufficient, but 
the quality of evidence was downgraded to low due to 
risk of bias (multiple studies with inadequate ratings) 
(Table 5).

Measurement error
For the THP test, five studies investigated measurement 
error [3, 5, 27, 30, 31]. GRADE was not possible to apply 
due to minimal important change (MIC) not provided 
(Table  5). For the THP test, two studies investigated 
measurement error [3, 31]. GRADE was not possible to 
apply as the minimal important change was not provided 
(Table 5).

Convergent validity
Two studies investigated the convergent validity in this 
population and were on CNP people. Chen and Treleaven 
[28] correlated three JPE tests (conventional, TT, Enbloc) 
with the neck disability index (NDI) and the visual ana-
logue scale (VAS). All parts were rated as adequate in the 
RoB checklist and insufficient in the updated criteria for 
good measurement properties, apart from the correla-
tion of JPE conventional with VAS, which showed suffi-
cient results. Goncalves and Silva [31] correlated four JPE 
tests (NHP, THP, TT, and F8T) against each other and 

Table 5 (continued)

Inter-rater reliability ICC: -0.2–0.64
Total sample size: 35

Insufficient Very low evidence of insufficient inter-rater reli-
ability
• One study showed insufficient results
• One study with inadequate rating (risk of bias)
• Imprecision (sample size < 100)
• No inconsistency
• No indirectness

Measurement error Total sample size: 509 Indeterminate Not possible to apply GRADE as the minimal impor-
tant change was not provided

Intra-session reliability ICC: 0.63
Total sample size: 57

Insufficient Very low evidence of insufficient intra-session 
reliability
• One study with doubtful rating (risk of bias)
• Imprecision
• No inconsistency
• No indirectness

Inter-session reliability ICC: 0.48
Total sample size: 57

Insufficient Very low evidence of insufficient intra-session 
reliability
• One study with doubtful rating (risk of bias)
• Imprecision
• No inconsistency
• No indirectness

Criterion validity Total sample size: 71 Inconsistent Not possible to apply GRADE due to inconsistency 
of results
• One study showed indeterminate results and one 
showed sufficient results

Target head position (asymptomatic population) Summary of pooled results Overall rating Quality of evidence

Intra-rater reliability ICC: -0.48–0.83
Total sample size: 165

Sufficient Very low evidence of sufficient intra-rater reliability
• Four studies showed sufficient results, three 
showed insufficient results (inconsistency of results)
• Multiple studies with doubtful/inadequate rating 
(risk of bias)
• No indirectness
• No imprecision

Measurement error Total sample size: 165 Indeterminate Not possible to apply GRADE as the minimal impor-
tant change was not provided
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against disability, pain catastrophising, and fear of move-
ment questionnaires. All parts were rated as adequate 
in the RoB checklist. Correlation of the tests against the 
questionnaires were rated as insufficient in the updated 
criteria for good measurement properties, while correla-
tion of tests against each other were rated as sufficient. 
Seventeen investigations showed insufficient results and 
thirteen studies showed sufficient results. The overall rat-
ing was taken and rated as insufficient, and the quality of 
evidence was downgraded to low due to inconsistency of 
results (Table 5).

Discriminative validity
Three studies investigated the discriminative validity in 
people with CNP. Chen and Treleaven [28] used three 
tests (JPE conventional, TT, Enbloc), Goncalves and Silva 
[31] used four tests (NHP, THP, TT, F8T), and Roren 
et al. [27] used the NHP test. All investigation were rated 
as inadequate in the RoB checklist. All studies were rate 
as indeterminate in the updated criteria for good meas-
urement properties due to improper statistical tests used 
for analysis, apart from the study by Roren et  al. [27], 
which was rated as sufficient. Seven studies showed inde-
terminate results and one study showed sufficient results. 
The overall rating of the discriminative validity was 
rated as indeterminate, and the quality of evidence was 
downgraded to very low due to inconsistency of results 
and risk of bias (multiple studies with inadequate rating) 
(Table 5).

Criterion validity
The criterion validity was reported only in CNP popula-
tion testing for only right and left rotation. Roren et  al. 
[27] correlated the laser pointer against an US device 
in sitting position for the NHP test only. This study was 
rated as inadequate in the RoB checklist and sufficient 
in the updated criteria for good measurement proper-
ties. Chen and Treleavan [28] correlated the laser pointer 
against the 3-Space Fastrak for both the NHP and TT in 
sitting position. Both parts were rated as adequate in the 
RoB checklist. The conventional JPE was rated as suffi-
cient, and the TT was rated as insufficient in the updated 
criteria for good measurement properties. Two investi-
gations showed sufficient results and one showed insuf-
ficient results. The overall rating was rated as sufficient, 
and the quality of evidence was downgraded to low due 
to inconsistency of results (Table 5).

Absolute joint position error for asymptomatic people
Intra‑rater reliability
A total of six studies investigated intra-rater reliability of 
the NHP test in this population. Kristjansson et  al. [22] 
carried their investigation on four JPE tests: NHP, Preset 

trunk rotation, and F8T relocation test. All parts were 
rated as inadequate in the RoB checklist. The NHP and 
F8T investigations were rated as insufficient, and Pre-
sent trunk rotation investigation was rated as sufficient 
in the updated criteria for good measurement proper-
ties. Strimpakos et  al. [24] carried out their intra-rater 
investigation in sitting and standing. Both were rated as 
inadequate in the RoB checklist and insufficient in the 
updated criteria for good measurement properties. Pin-
sault et al. [25] was rated as doubtful in the RoB checklist 
and sufficient in the updated criteria for good measure-
ment properties. Goncalves and Silva [31] carried out 
within-day and between day investigations for three NHP 
tests (NHP, TT, and F8T). All investigations were rater 
as doubtful in the RoB checklist. The between-day inves-
tigation of the TT was rated as insufficient, while the 
remaining investigations were rated as sufficient in the 
updated criteria for good measurement properties. Nik-
khoo et al. [34] carried out within-day and between-day 
investigations using US MOCAP and IMU devices. All 
investigations were rated as doubtful in the RoB checklist 
and sufficient in the updated criteria for good measure-
ment properties. Cid et al. [33] was rated as doubtful in 
the RoB checklist and insufficient in the updated criteria 
for good measurement properties. Eleven studies showed 
sufficient results and six studies showed insufficient 
results. The overall rating was sufficient, and the quality 
of evidence was downgraded to very low due to incon-
sistency of results and risk of bias (multiple studies with 
doubtful/inadequate rating) (Table 5).

Regarding the THP test, three studies investigated the 
intra-rater reliability of this test in this population [21, 22, 
31] Artz et al. [21] carried out within-day and between-
day intra-rater reliability of THP test only in sitting and 
standing. All parts were rated as inadequate in the RoB 
checklist and insufficient in the updated criteria for good 
measurement properties, apart from the between-day 
assessment in sitting, which was rated as sufficient. Krist-
jansson et  al. [22] was rated as inadequate in the RoB 
checklist and sufficient in the updated criteria for good 
measurement properties. Goncalves and Silva [31] car-
ried out a within-day and between-day investigations, 
both investigation were rated as doubtful in the RoB 
checklist and sufficient in the updated criteria for good 
measurement properties. Four studies showed sufficient 
results and three studies showed insufficient results. The 
overall rating was rated as sufficient, but the quality of 
evidence was downgraded to very low due to risk of bias 
and inconsistency of results (Table 5).

Inter‑rater reliability
Only one study investigated inter-rater reliability of the 
NHP test [24] in this population. This study was rated as 
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inadequate in the RoB checklist and insufficient in the 
updated criteria for good measurement properties. The 
overall rating was insufficient, and the quality of evidence 
was downgraded to very low due to risk of bias and low 
imprecision (sample size < 100) (Table 5).

Intra‑session reliability
Only one study [26] investigated in intra-session reli-
ability of the NHP test in this population. This study was 
rated as doubtful in the RoB checklist and insufficient in 
the updated criteria for good measurement properties. 
The overall rating was insufficient, and the quality of evi-
dence was very low due to risk of bias and imprecision 
(sample size < 100) (Table 5).

Inter‑session reliability
Only one study [26] investigated in inter-session reli-
ability of the NHP test in this population. This study was 
rated as doubtful in the RoB checklist and insufficient in 
the updated criteria for good measurement properties. 
The overall rating was insufficient, and the quality of evi-
dence was very low due to risk of bias and imprecision 
(sample size < 100) (Table 5).

Measurement error
For the NHP test, six studies investigated measurement 
error [21, 22, 24, 25, 31, 34]. GRADE was not possible to 
apply due to MIC no provided. For the THP test, three 
studies investigated measurement error [21, 22, 31]. 
GRADE was not possible to apply as the minimal impor-
tant change was not provided.

Criterion validity
Two studies investigated criterion validity in this popula-
tion. Wibault et al. [5] was rated as doubtful in the RoB 
checklist and indeterminate in the updated criteria for 
good measurement properties. Nikkhoo et  al. [32] was 
rated as adequate in the RoB checklist and sufficient in 
the updated criteria for good measurement properties. 
We were not able to take an overall rating as one study 
showed sufficient results and the other one showed 
indeterminate results. Therefore, the overall rating was 
indeterminate, and no GRADE was applied due to incon-
sistency of results (Table 5).

Constant joint position error for asymptomatic people
Intra‑rater reliability
Two studies investigated the intra-rater reliability of the 
NHP test. Lee et al. [23] was rated as inadequate in the 
RoB checklist and sufficient in the updated criteria for 
good measurement properties. Dugailly et  al. [29] car-
ried out four intra-rater reliability investigation of the 
NHP test; low and fast speeds at 90cm and 180cm from a 

target. All four parts were rated as inadequate in the RoB 
checklist. Only the low speed at 90cm was rated as insuf-
ficient, while the remaining three were rated as sufficient 
in the updated criteria for good measurement properties. 
Four studies showed sufficient result, one study showed 
insufficient results. The overall rating was sufficient, and 
the quality of evidence was downgraded to very low due 
to inconsistency of results, risk of bias (multiple stud-
ies with inadequate ratings), and imprecision (sample 
size < 100) (Table 6).

For the THP test, only one study investigated the intra-
rater reliability of this test [23]. This study was rated as 
inadequate in the RoB checklist and sufficient in the 
updated criteria for good measurement properties. The 
overall rating was sufficient, but the quality of evidence 
was downgraded to very low due to risk of bias and 
imprecision (sample size < 100) (Table 6).

Measurement error
For the NHP test, two studies investigated the measure-
ment error in this population [23, 29]. GRADE was not 
possible to apply due to MIC not provided (Table 6). For 
the THP, only one study investigated measurement error 
[23]. GRADE was not possible to apply as the minimal 
important change was not provided (Table 6).

Convergent validity
One study by Dugailly et al. [29] correlated the JPE test 
against disability questionnaire, pain duration, and pain 
intensity. All parts were rated as adequate in the RoB 
checklist and insufficient in the updated criteria for 
good measurement properties. The overall rating was 
insufficient, and the quality of evidence was high due to 
multiple studies with adequate ratings (no risk of bias) 
(Table 6).

Criterion validity
The criterion validity was reported only once by Dugailly 
et  al. [29]. This study was rated as doubtful in the RoB 
checklist and indeterminate in the updated criteria for 
good measurement properties. The overall rating was 
indeterminate, and the quality of evidence was down-
graded to very low due to risk of bias and imprecision 
(sample size < 50) (Table 6).

Discussion
This is the first systematic review to synthesise and 
appraise the measurement properties of cervical JPE in 
people with and without neck pain using the COSMIN 
checklist. Our search yielded 8 studies that included neck 
pain participants and 7 in which asymptomatic partici-
pants were included. Absolute and constant errors were 
reported in this review since they are recommended 
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when assessing JPE [35]. The large range of testing pro-
cedures used in the studies reviewed highlight the lack of 
any consensus in the literature on how best to assess JPE. 
A key factor contributing to this may be the heterogene-
ity of neck pain participants recruited for the reviewed 
studies, each with different clinical features. Given these 
differences in testing procedures and the vast range in 
types of neck pain, it is difficult to draw any general con-
clusions on the gold standard for testing the measure-
ment properties of cervical JPE.

Similar to other systematic reviews, the current system-
atic review highlighted several issues with the quality of 
the included studies [36, 37]. Most of the included stud-
ies in this review were rated as inadequate or doubtful in 
the RoB checklist with an overall quality of the evidence 
being low to very low, apart from the convergent validity 
of the constant JPE, which was high. This was due to a 
failure in adhering to COSMIN guidelines when carrying 
out investigations of measurement properties of outcome 
measures. For example, according to COSMIN, the time-
interval should be long enough to prevent recall bias, and 
short enough to ensure that the patients have not been 
changed on the construct to be measured [13]. When 
assessing the RoB for reliability and measurement error, 
there are no guidelines for the time-interval between 

sessions, therefore, this section was rated as doubtful. 
Other issues highlighted were statistical tests used for 
validity investigations. COSMIN recommends Pear-
son’s or Spearman’s correlation for validity assessment, 
which the criterion validity in the constant JPE did not 
use. Therefore, some of the included studies were rated 
as indeterminate in the updated criteria for good meas-
urement properties. A further limitation in the included 
studies was when the model of the ICC used for reli-
ability assessment was not stated. When using the RoB 
checklist for reliability and measurement error [14], if a 
study used ICC and reported the model used, it should 
be rated as very good; if the study used ICC but failed to 
report the model, then it should be rated as inadequate. 
Three studies failed to report the ICC model used [21, 
27, 29], thus, they were rated as inadequate in the RoB 
checklist. Reporting the ICC model is important because 
the model used and the type of coefficient will impact on 
the magnitude of the ICC [38]. Failure to report the ICC 
model will affect the study’s generalisability and interpre-
tation of the results. Inclusion of a replicable measure of 
response stability will aid the interpretation of results and 
comparison between studies.

Another issue in the current review was the inconsist-
ency of results for the criterion validity of absolute JPE 

Table 6 Summary of measurement properties of the measure of constant JPE

Neutral head posi-
tion (asymptomatic 
population)

Summary or pooled results Overall rating Quality of evidence

Intra-rater reliability ICC: 0.38–0.86
Total sample size: 40

Sufficient Very low evidence of sufficient intra-rater reliability
• Four studies showed sufficient results and 1 showed insufficient results (incon-
sistency)
• Multiple studies with inadequate rating (risk of bias)
• Imprecision (sample size < 100)
• No indirectness

Measurement error Total sample size: 40 Indeterminate Not possible to apply GRADE as the minimal important change was not provided

Convergent validity r = 0.03–0.32
Total sample size: 213

Insufficient High evidence for insufficient convergent validity
• Multiple studies with adequate rating (no risk of bias)
• No inconsistency of results
• No imprecision
• No indirectness

Criterion validity Total sample size: 17 Indeterminate Very Low evidence for indeterminate criterion validity
• One study with doubtful rating (risk of bias)
• Imprecision (sample size < 50)
• No indirectness

Target head posi-
tion (asymptomatic 
population)

Summary of pooled results Overall rating Quality of evidence

Intra-rater reliability ICC: -0.47–0.83
Total sample size: 20

Sufficient Very low quality of evidence for sufficient intra-rater reliability
• One study showed sufficient results
• One study with inadequate rating (risk of bias)
• Imprecision
• No inconsistency
• No indirectness

Measurement error Total sample size: 20 Indeterminate Not possible to apply GRADE as the minimal important change was not provided
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in the asymptomatic population. This inconsistency was 
probably due to differences in statistical tests used for 
validity assessment and variations in testing protocols. 
For example, Wibault et  al. [5] correlated the CROM 
device against a laser pointer after returning from right 
and left rotation using three trials per movement in their 
assessment. They used the ICC for their validity assess-
ment, which is not recommended by COSMIN, and thus 
were rated as indeterminate in the updated criteria for 
good measurement properties. Nikkhoo et  al. [32] cor-
related the US MOCAP against IMUs after returning 
from flexion, extension, and bilateral rotation using five 
trials per movement. This study was rated as sufficient in 
the updated criteria for good measurement properties. 
Therefore, it was not possible to draw an overall rating for 
this measurement property due to inconsistency of the 
results and it was rated as indeterminate. The convergent 
validity on the other hand was rated as high. This was due 
to no risk of bias in the included studies; however, it did 
not show sufficient results. Sample size was another issue 
that affected the overall rating of an outcome measure. 
When applying the modified GRADE approach, sample 
size should be ≥ 100. However, the total sample size of the 
inter-rater reliability of absolute JPE in the asymptomatic 
population was 62 participants; this led to downgrading 
the overall evidence to one level. Similarly, the criterion 
validity of constant JPE was downgraded to two levels 
due to sample size < 50. In addition, the wording around 
reliability studies was challenging as several studies did 
not report the word ‘’reliability’’ in the title of the study, 
affecting the quality of the study.

Furthermore, the current systematic review high-
lighted gaps in the literature when testing the measure-
ment properties of the measure of cervical JPE. First, the 
testing position. Most of the included studies carried out 
their investigations in sitting. Only two studies carried 
out their investigation in sitting as well as standing [21, 
24]. However, these two studies did not include any neck 
pain patients, and only asymptomatic participants were 
recruited. In addition, they reported only constant JPE, 
failing to report absolute JPE. A second gap was the lack 
of investigation of inter-rater reliability of constant JPE in 
people with neck pain. The third gap we uncovered was 
regarding the criterion validity of absolute JPE. Although 
this property was investigated twice, it was limited to 
right and left rotation. Lastly, the domain of responsive-
ness was not reported in our systematic review.

Methodological considerations
This is the first systematic review to summarise and 
appraise the evidence of measurement properties of the 
cervical JPE measure using COSMIN guidelines. Two 
raters carried out the study selection, data extraction, the 

risk of bias checklist, and the GRADE approach minimis-
ing bias, which is considered a strength of this system-
atic review. Additionally, we included studies that have 
reported absolute and constant errors, which is recom-
mended when testing cervical proprioception [35]. Pro-
spective registration with PROSPERO is another strength 
of this review. A potential limitation is that the principle 
of lowest rating counts when using the COSMIN risk of 
bias checklist, thus underestimating the overall quality of 
the study, and potentially downgrading the overall quality 
of the evidence.

Recommendations for future research
Additional research is clearly warranted to assess the 
measurement properties of the measure of JPE in people 
with and without neck pain. Another recommendation 
is to report both absolute and constant errors in future 
research. Also, assessing the measurement properties of 
the measure of JPE in standing in addition to sitting is 
recommended, as well as reporting absolute and constant 
error for both. Responsiveness of the measure of JPE was 
not investigated, which we recommend investigating in 
future research.

Conclusion
Conclusions about the measurement properties of the 
measure of cervical JPE were difficult to draw due to lack 
of consensus on testing procedures and tools used. Fur-
ther high-quality research to overcome the risk of bias in 
the included studies is required. Studies are also required 
to investigate the responsiveness of this measure.
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