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Abstract

Background: Laser beam devices have been widely used for the assessment of cervical proprioception. However, their reliability for
the assessment of repositioning accuracy in patients with chronic neck pain requires further examination. Objective: Examination
of test-retest and inter-rater reliability of a laser beam device for the assessment of cervical proprioception in patients with chronic
neck pain. Methods: Twenty patients with chronic neck pain were conveniently recruited. The patients performed a head-to-neutral
test at four different movement directions (flexion, extension, left and right rotation) and a head-to-target test at two different move-
ment directions (left and right rotation) by wearing on their head a laser beam device. Five trials were performed at each direction.
The assessment was performed by two different raters for examining inter-rater reliability. One of the raters reassessed the patients
after a one-hour resting period to examine test-retest reliability. Results: Test-retest reliability was found to be moderate to good
(intraclass correlation coefficient [ICC] .56—.81, standard error of measurement [SEM] 2.09-5.01 cm, smallest detectable difference
[SDD] 5.79-13.87 cm). Inter-rater reliability was found to be moderate to excellent (ICC .59-.92, SEM 1.75-3.27 cm, SDD 4.85-9.05
cm). Conclusions: A laser beam device presented moderate to excellent reproducibility, however relatively high measurement error

for assessing cervical proprioception in patients with chronic neck pain.
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Introduction

Chronic neck pain is one of the most common musculo-
skeletal disorders and it is estimated that one-third of the
population will suffer from this condition at least once
in their lifetime (Coété et al.,, 2003; Ferrari & Russell,
2003). Patients with chronic neck pain may have a num-
ber of clinical manifestations including postural changes
(Lau et al., 2009), reduction in the physiological range
of motion (Mangone et al., 2018), a decline in cervical
muscle strength and endurance (Chiu & Lo, 2002; Harris
etal., 2005), psychological compromise (Dimitriadis et al.,
2015), respiratory dysfunction (Dimitriadis et al., 2016)
as well as changes in sensorimotor control (Cheng et al.,
2010). The impaired proprioception of these patients may
affect the informative input to the central nervous system
and lead to alterations in movement control and recruit-
ment timing and accuracy of motor commands affecting
posture and contributing to neck pain (Arimi et al., 2018).
Therefore its assessment seems to be of high importance for
the management of patients with neck pain.

A number of measurement procedures and type of
equipment have been proposed for the assessment of cervi-
cal proprioception. Laser beam devices gain more and more

acceptance for the assessment of cervical proprioception
as they are affordable, easily applicable and non-invasive
measurement tools for assessing cervical proprioception.
Laser beam devices have been used in a number of differ-
ent methods for the assessment of cervical proprioception
including zig-zag (Ernst et al., 2019), figure of eight (Ernst
et al., 2019; Gongalves & Silva, 2019) and head reposi-
tioning tests (Revel et al., 1991). Head repositioning tests
remain the most popular and can be divided into head-to-
neutral tests where the patients are asked to reposition their
head to neutral and head-to-target tests where the patients
are asked to reposition their head in a predetermined non-
neutral head position (Alahmari et al., 2017; Cheng et
al., 2010). The deviation of head repositioning from the
predetermined position represents the magnitude of the
proprioceptive deficiency (Schmidt & Lee, 2005).
Literature suggests laser beam devices as reliable for
assessing cervical repositioning in healthy people (Hatam-
vand et al., 2016). However, the evidence in patients with
chronic neck pain is limited (Gongalves & Silva, 2019;
Jorgensen et al., 2014; Roren et al., 2009). This evidence
becomes much more limited by considering that these stud-
ies have been focused only on specific aspects of reliability
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of the tests or specific movements. According to our knowl-
edge, there is a lack of a study that examines both inter-
rater and test-retest reliability for both head-to-neutral and
head-to-target repositioning tests in patients with chronic
neck pain. The findings from such a study could signifi-
cantly add to our knowledge regarding the assessment of
cervical proprioception.

Therefore, the aim of this study was to examine the test-
retest and inter-rater reliability of a laser beam device for
the assessment of cervical proprioception in patients with
chronic neck pain by using both head-to-neutral and head-
to-target tests.

Methods

Sample

Twenty patients with chronic neck pain were conveniently
recruited. Participants were recruited from students and
staff of Metropolitan College as well as from the local com-
munity. Patients were included in the study if they: (a) were
between 18-65 years old, (b) had neck pain for more than
3 months, (c) did not have conditions such as osteoporosis,
rheumatic disease, neurological disease, cancer, pregnancy,
spinal surgeries or any other conditions that could have
affected the measurements, (d) their neck condition did
not restrain them from participating in the testing proce-
dure of the study. Before their participation, the patients
had to sign an informed consent. All rights of participants
were protected at all times, according to the Declaration of
Helsinki. The study was approved by the Ethics committee
of Metropolitan College.

Equipment and materials

For the assessment of cervical proprioception, a laser beam
device was used. The laser beam device included a strap that
was placed on each patient’s head so that the laser beam
device was securely positioned on the forehead. A blindfold
was also used in order to occlude participants’ vision during
the assessment.

A Visual Analog Scale (VAS) was used for recording
patients’ neck pain intensity. It consists of a 10 cm straight
line with the end-points defining the extreme limits “no
pain at all” and “worst possible pain”. The patient was asked
to mark the point of the line which best described his/her
neck pain intensity (Kersten et al., 2014). VAS has been
found to be valid and reliable for recording pain intensity
(Price et al., 1983).

The Neck Disability Index (NDI) is a 10-item instru-
ment for recording neck pain-induced disability. Each item
includes a 6-point ordinal scale. The score of each item may
range from 0 to 5. The total score of the scale may range
from 0 to 50. The score can be converted to a percentage
score. The higher the score the higher the level of disability.
The instrument has been cross-culturally validated into the
Greek language (Trouli et al., 2008).

Procedure
Before the main measurements of cervical propriocep-
tion, participants had to complete a general health and
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demographics questionnaire, VAS for recording their
neck pain intensity and the NDI for recording their pain-
induced disability.

For the assessment of cervical proprioception, the
patients were sitting on a stable chair at an exactly 1-meter
distance from a whiteboard. The chair was face-to-face to
the whiteboard. The position of sitting was standardized for
all the participants (flexed knees and hips at 90°, pelvis in
touch with the back of chair, hands on knees). The room
was quiet and the temperature was set at 23 °C. Patients
were wearing a blindfold and a laser-beam device was
strapped on their head (Figure 1).

Initially, head-to-neutral tests of cervical propriocep-
tion were performed. The participants were asked to find
their natural head position (NHP) and memorize it until
they felt confident to start the test. After the adjustment
of the laser beam device, the examiner marked the point
where the laser beam pointed on the whiteboard (point 0).
Then, the examiner passively rotated the head to the right at
45°. From this position, the participants were instructed to
return their head to the NHP and the new point where the
laser beam pointed on the whiteboard was marked (point
A). After the completion of this test, the examiner used a
tape measure to record the distance between the point 0 and
A. This distance/deviation represented the proprioceptive
deficit of each patient for the examined movement. This
test was repeated 5 times and therefore 5 scores of cervi-
cal proprioception for the left rotation were obtained. The
same procedure was followed for the examination of cervical
proprioceptive deficits for the cervical right rotation (return
to NHP after an approximately 45° passive head rotation to
the left), flexion (return to NHP after an approximately 45°
passive head extension) and extension (return to NHP after
an approximately 45° passive head flexion).

After the completion of these four tests, the chair was
placed at a 45° angle to the whiteboard (initially rotated 45°
to right and then rotated 45° to left) in order to perform
head-to-target tests. From the same sitting position and
conditions, the patients’ head was passively rotated 45° to
the left until the laser beam to be vertically orientated to the
whiteboard. This was the target position of the head and
it was marked on the whiteboard with the help of a laser
beam (point 0). The patients were asked to memorize this
position and their head was returned to its natural position.
From this position, they were asked to rotate their head to
the target position and the new position was marked again
on the whiteboard with the help of the laser beam (point
A). After the completion of this test, the examiner used a
tape measure to record the distance between the point 0
and A. This distance/deviation represented the propriocep-
tive deficit of each patient for the examined movement.
This test was repeated five times and 5 scores of cervical
proprioception were obtained. The same procedure was
repeated with the chair rotated 45° to the left to examine
proprioceptive deficits during right head rotation.

The whole procedure was performed by examiner A.
Five minutes after the completion of the procedure, it was
repeated by examiner B. Then, participants were asked to
leave and return after 60 minutes, for the same procedure
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Figure 1 Setting of the study
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to be repeated by examiner A. During this period, patients
were asked not to smoke, eat or participate in any activi-
ties that could affect their neck condition. The examin-
ers were blind to the measurements of each other. At the
end of the procedure neck pain intensity of patients was
assessed again.

Statistical analysis

Data normality was confirmed by using Q-Q plots. For
descriptive statistics, Means and Standard Deviations were
used as measures of central tendency and dispersion respec-
tively. Test-retest and inter-rater reliability were examined
with the second model of intraclass correlation coefficient
(ICC; two-way random, absolute agreement). The average
of the five trials was used for the analysis. For each ICC, its
associated standard error of measurement (SEM) and small-
est detectable difference (SDD) were calculated (Portney
& Watkins, 2009). ICC values of < .50, .50-.75, .75-.90
and > .90 are considered to indicate poor, moderate, good
and excellent reliability, respectively (Koo & Li, 2016). A
dependent #test was used for assessing whether the pain
intensity of participants changed after the assessment pro-
cedure. The significance level was set at p = .05. IBM SPSS
Statistics (Version 20.0; IBM, Armonk, NY, USA) was used
for all data analyses.

Results

Patient demographics are presented in Table 1. Descrip-
tives of patients’ proprioception (deviation) are presented

in Table 2.

Table 1 Demographics of patients with chronic neck pain
(N = 20)

Demographic M (SD)
Gender (men/women) 10/10
Age (years) 32.8(14.8)
Height (cm) 173.6 (7.59)
Weight (kg) 71.8 (12.28)
Pain chronicity (months) 14.4 (10.68)
Pain frequency (days/week) 3.95(1.27)
Neck Disability Index 17.8(8.7)
VAS usual pain intensity (cm) 5.37 (2.26)
VAS current pain intensity (cm) 3.65 (1.75)
VAS pain after the assessment (cm) 3.45(1.76)

Note. VAS = visual analog scale.

Table 2 Descriptives of cervical proprioception in patients with
chronic neck pain

Test Deviation as M (SD)
HNP left rotation (cm) 9.04 (2.85)
HNP right rotation (cm) 10.14 (5.17)
HNP flexion (cm) 10.88 (4.96)
HNP extension (cm) 13.80 (9.00)
HTP45° right rotation (cm) 11.39(3.59)
HTP45° |eft rotation (cm) 9.61 (2.62)

Note. HNP = head-to-neutral position; HTP45° = head-to-target position with
45° head rotation.
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Test-retest reliability was found to be moderate to good
(ICC .56-.81, SEM 2.09-5.01 cm, SDD 5.79-13.87
cm). Inter-rater reliability was also found to be moder-
ate to excellent (ICC .59-.92, SEM 1.75-3.27 cm, SDD
4.85-9.05 cm). The results about the test-retest and inter-
rater reliability of laser beam device for assessing cervical
proprioception are analytically presented in Tables 3 and 4,
respectively. Figure 2 presents the difference in recordings
between the two raters for each test.

Current neck pain intensity did not significantly change
after the end of the measurements (p > .05).
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Discussion

The results of the study revealed that the test-retest reli-
ability of a laser-beam device for the assessment of cervical
proprioception is moderate to good. The findings are in
agreement with Roren et al. (2009). However, Roren et al.
(2009) examined only head-to-neutral repositioning tests
with rotatory movements and therefore the current study
provides a more complete picture of the test-retest reliabil-
ity of the procedure. The studies by Jorgensen et al. (2014)
and Gongalves and Silva (2019) examined rather intra-rater

Table 3 Test-retest reliability of laser beam for the assessment of cervical proprioception in patients with chronic neck pain

Test GM ICC 95% ClI SEM (%GM) SDD (%GM)
HNP left rotation (cm) 8.84 0.64 [0.09, 0.86] 2.09 (23.6%) 5.79 (65.5%)
HNP right rotation (cm) 9.56 0.57 [0, 0.83] 3.26 (34.1%) 9.04 (94.5%)
HNP flexion (cm) 10.93 0.81 [0.52, 0.93] 2.59 (23.7%) 7.18 (65.7%)
HNP extension (cm) 12.40 0.66 [0.18, 0.86] 5.01 (40.4%) 13.87 (111.9%)
HTP45° right rotation (cm) 10.50 0.56 [0, 0.82] 2.47 (23.5%) 6.85 (65.2%)
HTP45° left rotation (cm) 10.10 0.65 [0.14, 0.86) 2.22 (22.0%) 6.15 (60.9%)

Note. GM = grand mean; ICC = intraclass correlation coefficient; Cl = confidence interval; SEM = standard error of measurement; SDD = smallest detectable difference;
HNP = head-to-neutral position; HTP45° = head-to-target position with 45° head rotation.

Table 4 Inter-rater reliability of laser beam for the assessment of cervical proprioception in patients with chronic neck pain

Test GM ICC 95% Cl SEM (%GM) SDD (%GM)
HNP left rotation (cm) 9.10 0.64 [0.06, 0.86] 1.75 (19.2%) 4.85 (53.3%)
HNP right rotation (cm) 10.47 0.85 [0.61, 0.94] 2.39 (22.8%) 6.62 (63.2%)
HNP flexion (cm) 11.36 0.66 [0.15, 0.87] 3.27 (28.8%) 9.05 (79.7%)
HNP extension (cm) 13.33 0.92 [0.79, 0.97] 3.14 (23.6%) 8.70 (65.3%)
HTP45° right rotation (cm) 11.17 0.73 [0.32,0.89] 2.59 (23.2%) 7.18 (64.3%)
HTP45° left rotation (cm) 9.90 0.59 [0, 0.84] 2.49 (25.2%) 6.90 (69.7%)

Note. GM = grand mean; ICC = intraclass correlation coefficient; Cl = confidence interval; SEM = standard error of measurement; SDD = smallest detectable difference;
HNP = head-to-neutral position; HTP45° = head-to-target position with 45° head rotation.

Figure 2 Difference in recordings between raters for each one of the six tests
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than test-retest reliability, focusing more on the reproduc-
ibility between trials rather than between sessions. SEM
and SDD scores were found to be rather high. Unfortu-
nately, Roren et al. (2009) did not provide SEM and SDD
values to directly compare to our results.

The inter-rater reliability of the laser beam device was
found to be moderate to excellent. Inter-rater reliability in
patients with neck pain was also examined by Jorgensen
et al. (2014). Similarly to the current study, Jorgensen et
al. (2014) examined the reliability of head-to-neural reposi-
tioning in all four movements (flexion, extension, right and
left rotation). The reliability was found to be lower than
the reliability of the procedure used in the current study,
with poorer ICC values in that previous study. The lower
number of trials as well as differences in the adoption of
NHP before each trial and the laser-beam placement might
have been factors that contributed to this difference. In that
same study, although both SEM and SDD values were cal-
culated, only SDD values have been reported. These values
are similar to the values in the current study confirming its
rather high measurement error.

In contrast to the studies by Roren et al. (2009) and
Jorgensen et al. (2014), the current study additionally
examined the reliability of a laser beam device for assess-
ing cervical proprioception by using a head-to-target test.
In contrast to head-to-neutral tests, head-to-target tests
are believed to be less dependent on memory and provide
more focus on proprioception testing since the NHP is a
head position that is predominantly adopted in daily life
(Kristjansson et al., 2003). The test-retest and inter-rater
reliability of the head-to-target tests was found to be mod-
erate. The reliability of the head-to-target tests in patients
with neck pain was also examined by Gongalves and Silva
(2019). Although a different magnitude of rotation was
selected (30° vs. 45°), the findings were similar revealing
moderate reliability of the tests. However, Gongalves and
Silva (2019) examined intra-rater and not test-retest or
inter-rater reliability and the results of the two studies can
be considered complementary of each other.

The results suggest that a laser beam device has satisfac-
tory reproducibility and can be used for the assessment of
cervical proprioception in patients with chronic neck pain.
The results suggest that the assessment of head reposition-
ing in the sagittal plane (flexion/extension) provides better
reliability estimates and might be preferable to the exami-
nation of head repositioning at the transverse plane (rota-
tions). Furthermore, the differences between the reliability
estimates of head-to-neutral and head-to-target tests were
not of considerable importance. Therefore, both types of
tests could be used although, as suggested by Kristjansson et
al. (2003), head-to-target tests may have better face validity
due to their lower dependence on memory. The tests seem
to have relatively increased measurement error something
which should be considered by researchers and clinicians
before their use. Clinicians are additionally provided with
SDD values which can be adopted for easily understand-
ing whether a change observed after an intervention can be
considered as a real change.
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A debatable limitation of the study could be the selec-
tion of a short interval between the two sessions. The inter-
val between the first and the second session was selected to
be an hour. The same interval was also selected in the other
one test-retest reliability study by Roren et al. (2009). A
close interval may have led to some testing effects such as
pain change, fatigue, or learning effects that might remain
through the trials or during the second session. We believe
these problems were reduced to some extent, by giving rest-
ing periods between the trials, by keeping the execution of
the tests in the same order and by examining changes in
neck pain intensity before and after the completion of the
tests. However, the selection of this short interval was based
on some advantages as it can lead to easier patient recruit-
ment, it has a considerably reduced risk for drop-outs and
it offers a better control about the patients’ activities that
should be avoided between the sessions.

Future studies should focus on how different param-
eters of the tests could affect the reliability estimates. The
number of trials, the magnitude of the range of movement
for each examined movement and the distance of the laser
beam device from the target could be some important test
parameters that should be examined. The understanding
of the most appropriate and reliable parameters could
provide proprioception tests of high validity that could
improve the understanding of the effectiveness of neck
pain interventions and in consequence the management of
their clinical condition.

Conclusions

The laser beam device used in the current study was found
to provide reproducible estimates of cervical propriocep-
tion. However, the tests were found to be accompanied by a
considerable measurement error. Future studies are advised
to be additionally conducted with the selection of different
target angles, different distances of the laser beam device
from the target and at a variable number of repetitions. The
estimation of the most reliable parameters for the investi-
gation of cervical proprioception may significantly impact
the assessment of patients with neck pain, simultaneously
leading to improved clinical reasoning.

Conflict of interest

The authors report no conflict of interest.

References

Alahmari, K., Reddy, R. S., Silvian, P., Ahmad, ., Nagaraj, V., & Mahtab, M. (2017).
Intra- and inter-rater reliability of neutral head position and target head posi-
tion tests in patients with and without neck pain. Brazilian Journal of Physical
Therapy, 21(4), 259-267. https://doi.org/10.1016/j.bjpt.2017.05.003

Arimi, S. A., Ghamkhar, L., & Kahlaee, A. H. (2018). The relevance of propriocep-
tion to chronic neck pain: A correlational analysis of flexor muscle size and
endurance, clinical neck pain characteristics, and proprioception. Pain Medli-
cine, 19(10), 2077-2088. https://doi.org/10.1093/pm/pnx331

Cheng, C-H., Wang, J.-L., Lin, J.-J., Wang, S--F,, & Lin K.-H. (2010). Position accu-
racy and electromyographic responses during head reposition in young adults
with chronic neck pain. Journal of Electromyography and Kinesiology, 20(5),
1014-1020. https://doi.org/10.1016/j.jelekin.2009.11.002

Chiu, . T. W,, & Lo, S. K. (2002). Evaluation of cervical range of motion and iso-
metric neck muscle strength: Reliability and validity. Clinical Rehabilitation,
16(8), 851-858. https://doi.org/10.1191/0269215502cr5500a



https://doi.org/10.1016/j.bjpt.2017.05.003
https://doi.org/10.1093/pm/pnx331
https://doi.org/10.1016/j.jelekin.2009.11.002
https://doi.org/10.1191/0269215502cr550oa

M. Makrogkikas et al.

Coté, P., Cassidy, J. D., & Carroll, L. (2003). The epidemiology of neck pain: What
we have learned from our population-based studies. Journal of the Canadian
Chiropractic Association, 47(4), 284-290. https://www.chiropractic.ca/wp-content/
uploads/2014/06/Theepidemiologyofneckpain.pdf

Dimitriadis, Z., Kapreli, E., Strimpakos, N., & Oldham, J. (2016). Respiratory dys-
function in patients with chronic neck pain: What is the current evidence?
Journal of Bodywork and Movement Therapies, 20(4), 704=714. https://doi.
org/10.1016/j.jbmt.2016.02.001

Dimitriadis, Z., Strimpakos, N., Kapreli, E., & Oldham, J. (2015). Do psychological
states associate with pain and disability in chronic neck pain patients? Jour-
nal of Back and Musculoskeletal Rehabilitation, 28(4), 797-802. https://doi.
org/10.3233/bmr-150587

Ernst, M. J., Williams, L., Werner, I. M., Crawford, R. J., & Treleaven, J. (2019).
Clinical assessment of cervical movement sense in those with neck pain com-
pared to asymptomatic individuals. Musculoskeletal Science and Practice, 43,
64—69. https://doi.org/10.1016/j.msksp.2019.06.006

Ferrari, R., & Russell, A. S. (2003). Neck pain. Best Practice & Research Clinical
Rheumatology, 17(1), 57-70. https://doi.org/10.1016/s1521-6942(02)00097-9

Gongalves, C., & Silva, A. G. (2019). Reliability, measurement error and con-
struct validity of four proprioceptive tests in patients with chronic idiopathic
neck pain. Musculoskeletal Science and Practice, 43, 103-109. https://doi.
0rg/10.1016/j.msksp.2019.07.010

Harris, K. D., Heer, D. M., Roy, T. C., Santos, D. M., Whitman, J. M., & Wainner, R.
S. (2005). Reliability of a measurement of neck flexor muscle endurance. Physi-
cal Therapy, 85(12), 1349-1355. https://doi.org/10.1093/ptj/85.12.1349

Hatamvand, S., Ghiasi, F., Asgari Ashtiani, A. R., Akbari, A., & Hossienifar, M.
(2016). Intra-rater reliability of cervical sensory motor function and cervi-
cal reconstruction test in healthy subjects. International Journal of Medical
Research & Health Sciences, 5(7S), 598—603. https://www.iimrhs.com/abstract,
intrarater-reliability-of-cervical-sensory-motor-function-and-cervical-reconstruction-test-
in-healthy-subjects-9329.html

Jorgensen, R., Ris, I., Falla, D., & Juul-Kristensen, B. (2014). Reliability, construct
and discriminative validity of clinical testing in subjects with and without
chronic neck pain. BMC Musculoskeletal Disorders, 15, Article 408. https://doi.
org/10.1186/1471-2474-15-408

Acta Gymnica, 2021, 51, e2021.010

Kersten, P., White, P. J., & Tennant, A. (2014). Is the pain visual analogue scale
linear and responsive to change? An exploration using Rasch analysis. PLOS
ONE, 9(6), Article e99485. https://doi.org/10.1371/journal.pone.0099485

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and reporting intraclass cor-
relation coefficients for reliability research. Journal of Chiropractic Medicine,
15(2), 155-163. https://doi.org/10.1016/j.jcm.2016.02.012

Kristjansson, E., Dall’Alba, P., & Jull, G. (2003). A study of five cervicocephalic
relocation tests in three different subject groups. Clinical Rehabilitation, 17(7),
767-774. https://doi.org/10.1191/0269215503cr6760a

Lau, H. M. C., Chiu, T. T. W., & Lam, T. H. (2009). Clinical measurement of cra-
niovertebral angle by electronic head posture instrument: A test of reliabil-
ity and validity. Manual Therapy, 14(4), 363-368. https://doi.org/10.1016/].
math.2008.05.004

Mangone, M., Bernetti, A., Germanotta, M., Di Sipio, E., Razzano, C., loppolo, F.,
Santilli, V., Venditto, T., & Paoloni, M. (2018). Reliability of the cervical spine
device for the assessment of cervical spine range of motion in asymptomatic
participants. Journal of Manipulative and Physiological Therapeutics, 41(4),
342-349. https://doi.org/10.1016/j.jmpt.2018.01.003

Portney, L. G., & Watkins, M. P. (2009). Foundations of clinical research: Applica-
tions to practice (3rd ed.). Pearson Prentice Hall.

Price, D. D., McGrath, P. A, Rafii, A., & Buckingham, B. (1983). The validation of
visual analogue scales as ratio scales measures for chronic and experimental
pain. Pain, 17(1), 45-46. https://doi.org/10.1016/0304-3959(83)90126-4

Revel, M., Andre-Deshays, C., & Minguet, M. (1991). Cervicocephalic kin-
esthetic sensibility in patients with cervical pain. Archives of Physical
Medicine and Rehabilitation, 72(5), 288-291. https://www.archives-pmr.org,
article/0003-9993(91)90243-C/abstract

Roren, A., Mayoux-Benhamou, M.-A., Fayad, F., Poiraudeau, S., Lantz, D., & Revel,
M. (2009). Comparison of visual and ultrasound-based techniques to measure
head repositioning in healthy and neck pain subjects. Manual Therapy, 14,
270-277. https://doi.org/10.1016/j.math.2008.03.002

Schmidt, R. A., & Lee, T. D. (2005). Motor control and learning: A behavioral
emphasis. Human Kinetics.

Trouli, M. N., Vernon, H. T., Kakavelakis, K. N., Antonopoulou, M. D., Paganas, A.
N., & Lionis, C. D. (2008). Translation of the Neck Disability Index and validation
of the Greek version in a sample of neck pain patients. BMC Musculoskeletal
Disorders, 9, Article 106. https://doi.org/10.1186/1471-2474-9-106



https://www.chiropractic.ca/wp-content/uploads/2014/06/Theepidemiologyofneckpain.pdf
https://www.chiropractic.ca/wp-content/uploads/2014/06/Theepidemiologyofneckpain.pdf
https://doi.org/10.1016/j.jbmt.2016.02.001
https://doi.org/10.1016/j.jbmt.2016.02.001
https://doi.org/10.3233/bmr-150587
https://doi.org/10.3233/bmr-150587
https://doi.org/10.1016/j.msksp.2019.06.006
https://doi.org/10.1016/s1521-6942(02)00097-9
https://doi.org/10.1016/j.msksp.2019.07.010
https://doi.org/10.1016/j.msksp.2019.07.010
https://doi.org/10.1093/ptj/85.12.1349
https://www.ijmrhs.com/abstract/intrarater-reliability-of-cervical-sensory-motor-function-and-cervical-reconstruction-test-in-healthy-subjects-9329.html
https://www.ijmrhs.com/abstract/intrarater-reliability-of-cervical-sensory-motor-function-and-cervical-reconstruction-test-in-healthy-subjects-9329.html
https://www.ijmrhs.com/abstract/intrarater-reliability-of-cervical-sensory-motor-function-and-cervical-reconstruction-test-in-healthy-subjects-9329.html
https://doi.org/10.1186/1471-2474-15-408
https://doi.org/10.1186/1471-2474-15-408
https://doi.org/10.1371/journal.pone.0099485
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1191/0269215503cr676oa
https://doi.org/10.1016/j.math.2008.05.004
https://doi.org/10.1016/j.math.2008.05.004
https://doi.org/10.1016/j.jmpt.2018.01.003
https://doi.org/10.1016/0304-3959(83)90126-4
https://www.archives-pmr.org/article/0003-9993(91)90243-C/abstract
https://www.archives-pmr.org/article/0003-9993(91)90243-C/abstract
https://doi.org/10.1016/j.math.2008.03.002
https://doi.org/10.1186/1471-2474-9-106

	Reliability of a laser beam device for the assessment of head repositioning accuracy in patients with chronic neck pain
	Introduction
	Methods
	Sample
	Equipment and materials
	Procedure
	Statistical analysis

	Results
	Discussion
	Conclusions
	Conflict of interest
	References


