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    Abstract
Background Despite common use of proprioceptive retraining interventions in people with chronic, idiopathic neck pain, evidence that proprioceptive dysfunction exists in this population is lacking. Determining whether proprioceptive dysfunction exists in people with chronic neck pain has clear implications for treatment prescription.

Purpose The aim of this study was to synthesize and critically appraise all evidence evaluating proprioceptive dysfunction in people with chronic, idiopathic neck pain by completing a systematic review and meta-analysis.

Data Sources MEDLINE, CINAHL, PubMed, Allied and Complementary Medicine, EMBASE, Academic Search Premier, Scopus, Physiotherapy Evidence Database (PEDro), and Cochrane Collaboration databases were searched.

Study Selection All published studies that compared neck proprioception (joint position sense) between a chronic, idiopathic neck pain sample and asymptomatic controls were included.

Data Extraction Two independent reviewers extracted relevant population and proprioception data and assessed methodological quality using a modified Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement.

Data Synthesis Thirteen studies were included in the present review. Meta-analysis on 10 studies demonstrated that people with chronic neck pain perform significantly worse on head-to-neutral repositioning tests, with a moderate standardized mean difference of 0.44 (95% confidence interval=0.25, 0.63). Two studies evaluated head repositioning using trunk movement (no active head movement thus hypothesized to remove vestibular input) and showed conflicting results. Three studies evaluated complex or postural repositioning tests; postural repositioning was no different between groups, and complex movement tests were impaired only in participants with chronic neck pain if error was continuously evaluated throughout the movement.

Limitations A paucity of studies evaluating complex or postural repositioning tests does not permit any solid conclusions about them.

Conclusions People with chronic, idiopathic neck pain are worse than asymptomatic controls at head-to-neutral repositioning tests.


Neck pain is estimated to affect 10% to 20% of the population every year (with a global point prevalence of 4.9%)1,2 and up to two thirds of people at some point in their life.3 It carries a large personal burden; it is second only to back pain in disability-adjusted life-years (DALYs) and represents one fifth of total DALYs attributed to musculoskeletal conditions.4 Although neck pain is generally thought to have a favorable prognosis, one third of people go on to develop chronic neck pain.5 Furthermore, pain severity remains high 12 months following the onset of idiopathic neck pain.6 In Australia alone, chronic pain costs $34.3 billion annually (direct and indirect costs); neck pain is the fifth largest contributor to this cost.7
Although neck pain can be attributed to traumatic disorders (eg, fracture, whiplash-associated disorder) or inflammatory disorders,8 the majority of neck pain does not have a discernible cause and is considered idiopathic. Clinical practice guidelines for chronic neck pain recommend conservative treatment, including exercise and manual therapy, guided by impairment- and function-related assessment of the neck.9 Clinical texts specifically recommend the assessment and management of proprioceptive dysfunction for people with neck pain.10 Joint position sense (JPS) or joint position error (JPE) is often used to evaluate proprioceptive ability, and the most commonly used test involves assessing an individual's ability to relocate to neutral head and neck posturing (or to a target position) after active or passive neck movement.10
Evidence from randomized controlled trials suggests that proprioceptive-targeted treatment improves JPS at the neck and results in pain reduction.11,12 However, despite the fact that assessment and retraining of proprioceptive function has become part of musculoskeletal practice,13 clear evidence that proprioceptive dysfunction occurs in people with idiopathic neck pain is lacking. To date, there has been no attempt to systematically evaluate the evidence in this area.
This lack of evidence for proprioceptive dysfunction in idiopathic neck pain has important implications for understanding the mechanism by which proprioceptive-targeted treatments might work. For example, should people with nontraumatic neck pain not have proprioceptive dysfunction compared with healthy controls, this finding would suggest that proprioceptive-targeted treatment is unlikely to be exerting its effect on pain by addressing biomechanical contributors to pain or that the improvement in JPS seen in proprioceptive-targeted treatment may be a natural feature of recovery. Thus, we aimed to synthesize and critically appraise the evidence by completing a systematic review and meta-analysis to determine whether people with chronic idiopathic neck pain have proprioceptive dysfunction compared with those without neck pain.
Method
Data Sources and Searches
Studies were identified through electronic searches on the following databases from their relative date of inception to August 30, 2014: MEDLINE (via OvidSP), CINAHL (via EBSCOhost), PubMed, Allied and Complementary Medicine (via OvidSP), EMBASE (via OvidSP), Academic Search Premier (via EBSCOhost), Scopus, Cochrane Collaboration, and Physiotherapy Evidence Database (PEDro).
Key words related to joint position sense, neck, and pain were used in the search strategy. Relevant subject headings were determined specifically for each database (see Appendix 1 for the MEDLINE search strategy). In all studies for which full text was retrieved, the reference lists were manually searched to identify additional potentially eligible studies. We conducted this review using an a priori protocol (available from Dr Stanton upon request).

Study Selection
Studies were included if they recruited human adults (≥18 years of age) with chronic idiopathic neck pain (>3 months), reported a measure of neck proprioception, and compared neck proprioception performance of participants with neck pain with either a pain-free control group or with values from a normative database.
Studies were excluded if neck pain was due to a specific cause (eg, traumatic injury, whiplash-associated disorder), if experimental neck pain was evaluated, or if participants had a previous history of neck surgery. Furthermore, presence of a concurrent condition that could affect JPS or accuracy of reporting (eg, Alzheimer disease, dementia, traumatic brain injury), known disease affecting the nervous system (eg, multiple sclerosis, stroke, Parkinson disease), and known disease affecting the vestibular system (eg, Ménière disease, benign paroxysmal positional vertigo) resulted in exclusion. In terms of study design restrictions, only case studies were excluded.
Titles and abstracts of the studies identified by the search strategy were independently screened by 2 reviewers (H.B.L. and K.J.C.) to determine potentially relevant studies. Full texts of potentially relevant studies were retrieved and evaluated for eligibility by the same reviewers. Any disagreements were resolved via consensus; if consensus could not be reached, a third, independent reviewer (T.R.S.) resolved the dispute.

Data Extraction and Quality Assessment
Data extraction was performed by 2 independent reviewers (H.B.L. and K.J.C.) using a customized, pilot-tested data extraction form. Any discrepancies between reviewers were resolved via consensus or consultation with a third reviewer (T.R.S.). Relevant data were extracted, including: author, date, study design, sample size, participant demographics (age, sex, pain duration), condition-specific information (pain intensity, pain duration, neck-related disability), method of proprioceptive assessment (equipment used, measurement method), proprioceptive outcome measure used (absolute repositioning error, constant error), and repositioning results specific to each group (mean or median, standard deviation or interquartile range). When data were missing, authors were emailed a maximum of 3 times, after which data were considered unretrievable.
Due to the lack of an agreed-upon “gold standard” critical appraisal tool for observational studies, the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)14 was used to guide risk of bias assessment at an individual study level. Items relevant to bias in case-control study designs also were assessed (Appendix 2). Studies were independently assessed by 2 reviewers (H.B.L. and K.J.C.), and disagreements were resolved by consensus.

Data Synthesis and Analysis
For the purposes of this review, data were analyzed in 3 groups: (1) head-to-neutral repositioning tests; (2) vestibular controlled head repositioning tests (head stationary, trunk movement used to achieve relative head movement); and (3) complex or postural repositioning tests (tests involving complex movement or postural patterns that differed from traditional repositioning tests). For head-to-neutral repositioning tests, results were subgrouped based on the type of neck and head movement assessed (eg, rotation, flexion, extension, side flexion).
Due to differences in JPS outcomes used (absolute error and constant error) and the units of these outcomes (centimeters versus degrees), standardized mean differences (SMDs) were calculated to compare results among studies. Standardized mean differences were calculated by subtracting the mean JPS of the asymptomatic population from the mean JPS of the neck pain population and dividing this result by the pooled standard deviation of JPS from both populations. The size of the effect was interpreted using Cohen's recommendations, where d=0.2, d=0.5, and d=0.8 represent small, moderate, and large effects, respectively.15
Data were pooled with Review Manager 5.2 software16 using a random effects inverse-variance approach. Pooling was considered when 2 or more studies provided results on similar neck proprioceptive tasks, using similar proprioceptive outcomes. When a single study reported multiple tests (ie, measured JPS for both flexion and rotation) on the same sample, the sample size was adjusted appropriately in the analysis. Furthermore, when studies reported JPS for left- and right-sided movements separately (eg, left rotation and right rotation), if these values were not significantly different, an average of the means and variances was taken to produce one value. When more than one measurement system was used to evaluate JPS within a study, the system with the highest reliability and accuracy was used for pooling. Last, a post hoc sensitivity analysis was performed for head-to-neutral repositioning tests evaluating only subgroup pooled effects (no overall pooled effect). This analysis allowed us to characterize subgroup effect size estimates without the sample size reductions necessary when estimating overall pooled effect.
The chi-square test was used to detect statistically significant heterogeneity, and the I2 statistic was used to estimate the amount of heterogeneity. Statistically significant heterogeneity was considered present when P<.10 for the chi-square test. Substantial heterogeneity was considered present when I2>60%.17 Last, tau—the estimated SD of the underlying effects across studies—was used to convey the absolute between-study variability of these effects (ie, on the same scale as that used for SMDs). When applicable, we added and subtracted (2 × tau) from the pooled effect, resulting in an approximate 95% range of underlying effects (ie, in the range that 95% of the effects would lie).

Role of the Funding Source
Dr Stanton was supported by a Canadian Institute for Health Research Postdoctoral Training Fellowship (ID223354) and a National Health and Medical Research Council Early Career Fellowship (ID 1054041). Dr Moseley was supported by a National Health and Medical Research Council Research Fellowship (ID1061279). The funders played no role in study design, collection, analysis, interpretation of data, writing of the report, or the decision to submit the manuscript for publication. They accept no responsibility for the content.


Results
The search strategy resulted in 1,933 potentially relevant studies, following removal of duplicates. Of these potentially relevant studies, 1,839 were excluded on the basis of title and abstract review; the full text was retrieved for 94 studies. Of these 94 studies, 10 authors were emailed to confirm if eligibility criteria were met: 1 author provided data specific to nontraumatic neck pain (original study had a mixed sample of participants with traumatic and nontraumatic neck pain), allowing for study inclusion18; 2 authors confirmed that further information could not be supplied (resulting in exclusion of the studies)12,19; and the remaining authors20–26 could not be contacted (maximum of 3 email attempts), thus these articles were excluded (unsure if chronic, idiopathic pain). Eighty-one studies did not meet the eligibility criteria, resulting in inclusion of 13 studies in the present review18,27–38 (see Fig. 1 for the PRISMA flow diagram). The most common reason for study exclusion was lack of a healthy control group.
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Figure 1. The PRISMA flow diagram describing the screening and review process.



Characteristics of Included Studies
In the 13 studies, 587 participants (286 with idiopathic neck pain, 301 controls) underwent testing of cervical JPS (see Tab. 1 for full summary details). The mean number of participants per study was 42 (SD=24), with a mean age of 39.8 years (SD=12.9). All participants with neck pain had pain for at least 3 months, although there was little overall consistency in eligibility criteria across studies. All but one study18 excluded patients with a current or past history of neck trauma (however, data for patients without trauma were received from that study18). The authors of 9 studies explicitly stated that participants with neurological impairment specific to the neck were excluded,18,27–30,34–37 and the authors of 4 studies explicitly stated that they excluded participants with vestibular impairment.18,29,33,36
View this table:	View inline
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Table 1. Characteristics of Studies Included in Systematic Review (N=13)a




Risk of Bias of Included Studies
The results of the risk of bias assessment are shown in Table 2. Critical appraisal revealed a spread in methodological quality. Common areas of bias were lack of use of accepted diagnostic criteria for chronic neck pain and lack of reporting of validity and reliability of all proprioceptive measurement tools. Furthermore, all studies had high selection bias (no study reported randomly selecting or consecutively recruiting participants), and only 31% of the studies (4/13) blinded the outcome assessor to participant group. Agreement between reviewers was high, with 95% scoring agreement.
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Table 2. Results of Critical Appraisal of Studies Using the Modified Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statementa




Characteristics of Proprioceptive Test Methodology and Measurement
Various methods were used to evaluate JPS; however, active head repositioning was used in all studies. Repetitions of each test varied from 2 to 10. Vision was occluded in 11 studies; 2 studies reported testing participants with eyes open (1 evaluating head-to-neutral repositioning27 and 1 evaluating complex repositioning and movement32). Speed of movement instructions and the amount of movement requested (eg, submaximal neck movement versus maximal) varied among included studies. Participants were placed in a seated, stabilized position during proprioceptive testing, with the exception of one study36 that evaluated neck JPS in a standing position.
Various types of equipment were used to evaluate JPS. Six studies used an electromagnetic tracking system,18,31,32,36–38 4 studies used a helmet with a laser pointer and mobile coordinate system,18,29,33,35 2 studies used a 3-dimensional (3D) optical motion analysis system,28,30 1 study used an electrogoniometer,27 and another study used a video recorder and laser pointer.34 Most studies reported JPS in degrees; however, 2 studies reported JPS in metric units (centimeters or millimeters).32,33 Most studies reported JPS as an absolute error (some calculating this measure via root mean square error27,29,35), although 2 studies reported constant error36 and amplitude accuracy.32

Joint Reposition Sense Outcomes
Four authors were contacted for further JPS information; the authors of 3 studies28,29,33 provided the needed data. One author was unable to provide the necessary data35; thus, this study could not be included in the meta-analysis.
Head-to-neutral repositioning tests (passive movement of the head to test position).
Eleven studies performed 31 tests that involved relocation to the neutral head position following passive head and neck movement into flexion, extension, rotation, or lateral flexion. Joint position sense was calculated as the difference between the initial neutral position and the final neutral position returned to after movement. Left- and right-sided data were averaged to produce one JPS value in 4 studies evaluating head-to-neutral repositioning from rotation30,33,36,37 and in 1 study evaluating head-to-neutral repositioning from lateral flexion.33 Combined with insufficient data from 1 study (evaluating 4 tests),35 use of modified JPS evaluation precluding pooling in 1 study,31 and use of 2 measurement systems for the same JPS outcome in 1 study (only one result pooled),18 this evaluation resulted in pooling of data from 19 head-to-neutral repositioning tests.
Pooled data showed an overall significant moderate effect of 0.44 (95% confidence interval [CI]=0.25, 0.63; Fig. 2), indicating that participants with chronic, idiopathic neck pain performed worse on a head-to-neutral repositioning test compared with asymptomatic controls. Heterogeneity was low (I2=0%, χ2=6.26, P=1.0, tau=0.00). Subgroup data were largely consistent with this overall effect: 9 studies provided data for head-to-neutral repositioning from rotation, and pooling resulted in a significant moderate effect of 0.43 (95% CI=0.20, 0.65), suggesting that people with neck pain were significantly worse than healthy controls. Again, heterogeneity was low (I2=0%, χ2=3.83, P=.87, tau=0.00). For the rotation subgroup, Chen and Treleaven18 also evaluated JPS using a laser system (3D electromagnetic tracking system data presented in the forest plot) and, consistent with pooled results, found that participants with neck pain had significantly worse JPS than healthy controls (SMD=0.67; 95% CI=0.04, 1.30). Four studies provided data on head-to-neutral repositioning from flexion,18,29,30,33 5 studies evaluated extension,18,29,30,33,37 and 1 study evaluated lateral flexion.33 Pooling the data of these subgroups showed no significant effect for flexion (SMD=0.46; 95% CI=−0.10, 1.01), extension (SMD=0.45, 95% CI=−0.01, 0.92), or lateral flexion (SMD=0.55; 95% CI=−1.01, 2.11). Heterogeneity was low for flexion (I2=0%, χ2=1.94, P=.59, tau=0.00) and extension (I2=0%, χ2=0.46, P=.98, tau=0.00).
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Figure 2. Meta-analysis of head-to-neutral proprioceptive repositioning tests. All sample sizes have been reduced to reflect the number of times each study appears in the forest plot. IV=inverse variance, CI=confidence interval.



Rix and Bagust35 (data unable to be pooled) found that people with chronic, idiopathic neck pain were significantly worse than healthy controls when performing relocation to the neutral head position from flexion (P<.03). There were no significant differences between groups (P>.05) for relocation tasks from neck extension or rotation (left or right). Additionally, one study used a variation of the repositioning test that involved participants actively repositioning the head to 30 degrees of neck rotation from a neutral head start position.31 There was no significant difference between groups in error values (SMD=0.44; 95% CI=−0.22, 1.01).

Post hoc sensitivity analysis of main effects for each repositioning test.
We performed this analysis to determine whether the nonsignificant results in subgroups of flexion and extension were due to inadequate power as a result of using sample size reductions for studies that appeared in numerous subgroups (necessary when calculating an overall pooled effect). That the rotation subgroup (9 studies) showed a significant effect but flexion (4 studies) and extension (5 studies) did not, despite similar individual study effect estimates, suggests that this explanation is possible. Thus, we completed a sensitivity analysis that only calculated subgroup pooled effects (ie, full sample size for each study used). This sensitivity analysis confirmed that there was a significant moderate effect estimate for flexion, extension, and rotation subgroups of head-to-neutral repositioning tests, such that people with chronic neck pain performed significantly worse than healthy controls (eFigure).

Head repositioning tests using trunk movement to achieve head and neck position.
Two studies also evaluated rotation JPS using repositioning tests that involved trunk movement to achieve relative head and neck rotation (aiming to remove the influence of vestibular afferents). In one study, participants actively repositioned the head to 30 degrees of neck rotation from a neutral head position, but the initial target position (30° of neck rotation) was achieved by holding the head still and passively moving the trunk.31 There were no significant differences between individuals with neck pain and healthy controls (SMD=0.28; 95% CI=−0.34, 0.89). In the second study, the participant's head was held still for the entire test; the participant actively moved the trunk until the head reached maximal rotation and then actively moved the trunk to relocate the head to a neutral head posturing (labeled “torsion test”).18 Significant impairment in JPS was found in participants with chronic, idiopathic neck pain compared with healthy controls when using an electromagnetic tracking system to evaluate JPS (SMD=0.77; 95% CI=0.20, 1.34), and close to significant effects were found when using a laser pointer system (SMD=0.54; 95% CI=−0.02, 1.10).

Complex or postural repositioning tests.
Three studies used 3 different methods of testing cervical JPS that involved complex or postural repositioning tests. A meta-analysis was not performed on these studies due to differences in JPS assessment methods and differences in the constructs evaluated by these tests.
In one study31 that evaluated complex movement patterns, participants traced a figure-of-eight pattern with their nose, with the aim to return to a neutral position after one repetition (test 4 [relocation task]) or 3 repetitions (test 5 [movement test]). There were no significant differences between participants with neck pain and healthy controls for either test 4 (SMD=0.07; 95% CI=−0.54, 0.68) or test 5 (SMD=−0.32; 95% CI=−0.93, 0.30).
The second study evaluated a combination of repositioning ability and postural memory or sufficiency.28 Participants performed a repositioning test to a self-determined “perceived good posture” from a fully relaxed position. In this perceived good posture position, cervicothoracic angle (CT), head tilt (HT), and cervical protraction (CP) were measured. Errors were calculated by taking the difference between the initial perceived good posture positioning (CT, HT, CP) and 6 relocation tests where participants aimed to replicate the initial perceived good posture position (CT, HT, CP). There were no significant differences between healthy controls and participants with neck pain for CT (SMD=0.60; 95% CI=−0.01, 1.22), HT (SMD=0.16; 95% CI=−0.44, 0.76), or CP (SMD=−0.31; 95% CI=−0.91, 0.29).
Last, one study evaluated JPS using a new method termed “The Fly.”32 In this method, participants followed a moving cursor (the “fly”) on a screen using another cursor aligned to their head position (eyes open during testing). Error (calculated as the distance between cursors) was continuously evaluated. Three tests were performed that differed based on movement pattern difficulty (easy, medium, and difficult). Using this method of JPS evaluation, significant differences were found whereby participants with chronic, nonspecific neck pain performed worse than asymptomatic controls at easy (SMD=0.68; 95% CI=0.01, 1.36), medium (SMD=0.68; 95% CI=0.00, 1.35), and difficult (SMD=0.81; 95% CI=0.12, 1.49) test levels.



Discussion
This systematic review and meta-analysis aimed to synthesize and critically appraise the available evidence for proprioceptive dysfunction in people with chronic, idiopathic neck pain by comparing their JPS with that of asymptomatic controls. Pooled estimates showed that people with chronic, idiopathic neck pain have moderately impaired cervical JPS on head-to-neutral repositioning tests compared with asymptomatic controls. There is limited and conflicting evidence that head repositioning tests that aim to remove the influence of vestibular input (head still, trunk movement) and complex or postural repositioning tests are impaired in people with chronic, idiopathic neck pain.
Strengths and Limitations of the Review
To our knowledge, this is the first review to systematically evaluate cervical JPS in an idiopathic neck pain population. This review conformed to the guidelines suggested by PRISMA,39 and strengths of this review include the use of robust methodology (such as 2 independent reviewers and a sensitive search strategy) and the inclusion of studies not published in English. Although multiple databases were searched, it is possible that a relevant study may have been missed. Thorough searching of relevant studies' lists used in this review likely minimized this possibility.
There are relevant limitations with respect to the level of evidence present: JPS assessment methods varied among the included studies, participants were not randomly or consecutively sampled, sample sizes were generally small, and some studies had baseline differences between neck pain and control groups. Importantly, there was no consistent definition of idiopathic neck pain. Some studies excluded neurological and vestibular disorders, but others did not explicitly state that they excluded these conditions. Last, neck pain severity varied among studies; however, this variation in pain severity also suggests that our findings are likely generalizable.

Head-to-Neutral Repositioning Tests
Despite the variability in methods used in the included studies, consistent between-study and between-subgroup effects were seen in the head-to-neutral repositioning tests, suggesting that people with chronic, idiopathic neck pain have poorer performance than asymptomatic controls. Although rotation was the only subgroup to show a significant effect estimate, the sensitivity analysis suggests that this finding was likely due to the flexion and extension subgroups being underpowered once sample sizes were reduced to control for multiple appearances in the meta-analysis. This interpretation is supported by the overlap of studies among subgroups: the study by Cheng et al27 was the only study in the flexion and extension subgroups not also included in the rotation subgroup.
Past research suggests that age may affect JPS, such that as age increases, JPS reduces.40 This hypothesis is supported by findings suggesting that changes in visual, vestibular, and neuromuscular function occur with advancing age.41 The present review suggests that, if age does affect JPS, pain likely has a unique effect above and beyond that of age. Uthaikhup et al37 recruited elderly participants with neck pain and age-matched controls and found proprioceptive dysfunction similar to that seen in younger cohort comparisons (Fig. 1, eFigure). However, the literature on the relationship between age and JPS is conflicting,40,42 suggesting that there may be other factors beyond age that influence JPS.
The absolute difference in JPS (error) between people with chronic neck pain and healthy controls in the tests ranged from 0.1 to 3.0 degrees. The precision of many of the JPS measuring systems ranges from 0.1 to 0.5 degrees.19,27,43 However, such a small difference would not be reliably detectable using clinical methods such as universal goniometry or visual estimation.44 It is unclear what degree of error represents a clinically meaningful impairment in JPS. However, the functional relevance of accurate head movements to facilitate behaviorally appropriate head orientation suggests that precision within this system is essential and thus that even small impairments may be important.

Head Repositioning Tests Using Trunk Movement
One criticism of traditional head repositioning tests is that active head movement during the test may stimulate both neck and vestibular afferents18,45 and thus not specifically measure proprioception. Differentiation of system dysfunction may be important for guiding treatment. Thus, modifications of the traditional JPS tests have been suggested that are more likely to selectively stimulate cervical afferents while avoiding vestibular involvement. In this modified test, the head is kept stationary, and trunk movement is used to induce relative head and neck rotation.18,31 Theoretically, this test would eliminate the vestibular system fully, and only proprioceptive input from the neck would be used to monitor head position.46 Only 2 studies evaluated a modified JPS test that used trunk movement, and they showed conflicting results. One study used passive trunk rotation to induce a neutral head start position (from 30° of neck rotation), with use of active neck rotation to return to the 30 degrees of rotation, and showed no difference between groups.31 The other study used active trunk rotation to induce a maximal neck rotation start position (from a neutral start position), with use of active trunk movement to relocate the head to neutral (thus, with vestibular involvement removed for the whole time), and showed significant impairment in participants with neck pain.18 Thus, based on the limited evidence, it is unclear whether JPS results are specific to proprioceptive dysfunction or whether they include vestibular involvement. Furthermore, nonsignificant findings may be similar to the head-to-neutral repositioning tests whereby single study findings were nonsignificant, but the pooled results were significant. More testing is clearly needed to investigate this theory.

Complex or Postural Repositioning Tests
The evidence for complex or postural repositioning tests is limited and presents conflicting results. Tasks involving repositioning to a “perceived” good postural position showed no differences in error between individuals with neck pain and healthy controls.28 Notably, the reliability and validity of this postural repositioning test to assess proprioception is unknown; therefore, it is unclear how much weight to give to these results. Furthermore, previous work has postulated that tests that are too simple or familiar may be unable to detect proprioceptive dysfunction.47,48 It is interesting to consider that tests requiring repositioning to a self-selected posture28 may reflect an innate postural characteristic that is relatively easy for the individual to reproduce, and unfamiliar postures, defined by the investigator, may show greater differences.
Two studies evaluated complex movement patterns; these findings extend beyond merely proprioceptive evaluation and assess the functional performance of the dynamic feedback system involved in movement control, coordination, and execution as a whole. When error was continuously measured during standardized movement patterns, people with neck pain were significantly less accurate than healthy controls.32 However, when error was evaluated using one point of this movement (figure-of-eight movement pattern of the head, using nose to trace the pattern; error measured at the neutral head position), there were no differences between groups.31 It is perhaps unsurprising that continuously monitored movement would be more sensitive to change or dysfunction than measurement at one point within the movement. Furthermore, it is interesting to consider whether tests that require participants to detect and correct error while performing movement (ie, through integration of visual feedback with motor processes) might detect more functionally relevant dysfunction.

Unanswered Questions and Future Directions
It remains unknown which proprioceptive tests may best reflect clinically relevant dysfunction. Furthermore, it is unclear if performance on certain proprioceptive tests is predictive of clinical outcome. Although some evidence suggests that targeting proprioception can result in improved outcomes in neck pain,11,12 a recent systematic review identified a lack of high-quality studies evaluating proprioceptive training interventions in people with neck or back pain.49 Such knowledge would provide important information for both researchers and clinicians and could possibly direct more individually targeted intervention. Additionally, future testing of proprioceptive dysfunction, regardless of whether determining impairment in a clinical population or evaluating treatment outcomes, would benefit from blinded assessment.
That people with chronic, idiopathic neck pain demonstrate impaired neck proprioception raises the question of where this impairment occurs. There is no inciting trauma or injury in this condition, so it would seem less likely that peripheral mechanoreceptors would be affected. Experimental studies often evaluate the peripheral contribution to proprioception by inducing experimental pain or by impairing muscle spindle function; however, neither approach supports peripheral dysfunction as a sole explanation for the findings of the present review. In experimental neck pain (saline injections into the splenius capitis muscle), JPS is impaired only during head-to-target testing (and only in the rotation direction that evokes pain); head-to-neutral position sense is not impaired.50 This finding suggests that noxious stimuli can influence proprioceptive performance, but only when pain is elicited, which makes it unlikely to explain our review's results. In addition, muscle vibration studies demonstrate that although this method of biasing muscle spindle input reduces the accuracy of JPS in healthy participants, it actually improves JPS acuity in people with neck pain51 and in people with low back pain.52 This finding suggests that the relationship between muscle spindle function and position sense is complex in painful conditions. These findings, in combination with the lack of trauma in idiopathic neck pain, raise the possibility that the proprioceptive dysfunction in idiopathic neck pain stems from spinal or supraspinal causes.
There is some evidence that people with idiopathic neck pain have impairment in implicit motor imagery performance; they are less accurate than healthy controls when making left and right judgments of images of neck and head rotation29 (ie, a task known to assess the function of cortical areas involved in planning, coordination, and execution of movement).53,54 New research has shown improvements in JPS acuity in people with neck pain during mental imagery and action observation, suggesting that changes in proprioceptive input are not a prerequisite for improved position sense.55 Future research could determine whether outcomes similar to those seen with proprioceptive training in people with neck pain (increased proprioceptive acuity and decreased pain) could be attained by targeting these cortical areas using tasks such as left or right judgments.
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