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Optimizing Protocols and Comparison Between Tests in

Normal Subjects
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Study Design. A test-retest design evaluated stability
as well as within and between day reliability.

Objective. The study aimed to define optimum proto-
cols for the cervical joint position error (JPE) and cervico-
cephalic kinesthesia tests and to investigate association
between performances in the tests.

Summary of Background Data. The cervical JPE and
cervicocephalic kinesthesia tests are proposed as mea-
sures of cervical proprioception. However, there has been
little investigation of the number of trials needed to ob-
tain stable and reliable estimates of performance. Both
tests have potential limitations in reflecting the underly-
ing construct of cervical proprioception and association
between performances in both has not been investigated
previously.

Methods. Head repositioning and head-tracking errors
were measured using an electromagnetic-tracking sys-
tem in 16 normal subjects, tested on 3 occasions over 2
days. The effect of different numbers of trial repeats was
analyzed descriptively in terms of stability of measures
obtained and by using intraclass correlation coefficients
to assess reliability. Association between the tests was
analyzed with the Pearson correlation coefficient.

Results. Stable estimates of performance were obtained
when data from 6 or more trials was included. The greatest
test-retest reliability was obtained with 5 or more trials in
both the cervical JPE (intraclass correlation coefficients =
0.73-0.84) and cervicocephalic kinesthesia (intraclass corre-
lation coefficients = 0.90-0.97) tests. Correlation analyses
indicated no significant association between performances
in the 2 tests (r = —0.476-0.228, P > 0.05).

Conclusion. Our finding that at least 6 trials were
needed to optimize stability, and reliability of outcome
measures has important implications for application of
these tests. The lack of correlation between performances
in the tests supports the suggestion that they are not
comparable measures of cervical proprioception. Further
planned studies will include a range of tests challenging
different aspects of cervical proprioceptive contribution to
sensorimotor control in different subcategories of neck
pain patients.
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Afferent proprioceptive information is important for sen-
sorimotor control of posture and movement,"* and al-
tered proprioceptive function is associated with joint dis-
ease® and other musculoskeletal conditions.*~” The
specific nature and clinical significance of this associa-
tion remain unclear, but it is believed that understanding
sensorimotor functional impairment is important for di-
agnosis and rehabilitation of spinal and peripheral joint
problems.® A number of studies have investigated this
relationship in neck pain patients, using various tests
proposed to reflect cervical proprioceptive function.

A widely used measure of cervical proprioception is
the joint position error (JPE) test, in which impaired abil-
ity to relocate neutral head position has been demon-
strated in acute” and chronic”>'°~'* whiplash and in non-
traumatic neck pain patients.'"'> However, this test may
give an incomplete measure of proprioceptive contribu-
tion to movement control.”>!* First, only a static neutral
head position is evaluated, and it is not clear how pro-
prioception relates to ongoing control during reposition-
ing motion. Also, it might be expected that neutral repo-
sitioning is a learned action, wherein the required motor
action is predictable, and dependence on ongoing pro-
prioception during movement could be limited. Re-
cently, a new test of cervicocephalic kinesthesia (position
sensation during movement) was proposed to overcome
these limitations, and whiplash patients made greater
errors when moving their head to track a slow, unpre-
dictably moving visual target compared to healthy con-
trols.'* Although the face validity of this task suggests
that it may overcome some limitations of the JPE test, the
use of visual feedback in aiding performance cannot be
isolated from the role of proprioception. Last, if both
tests do similarly reflect the same underlying construct of
cervical spine proprioception, correlation would be ex-
pected between the levels of performance in each test.
This has not been evaluated to date.

Physical function measures should demonstrate sta-
bility (values remain consistent when calculated across
different numbers of trials) in both performance accu-
racy (mean value) and precision or variability about the
mean (standard deviation)® and also show acceptable
test-retest reliability.!® There has been little examination
of these issues for either of the above cervical proprio-
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Figure 1. Experimental setup for the head-tracking cervicoce-
phalic kinesthesia test. The distance from the head-mounted sen-
sor to the screen center is 80 cm. The yellow cursor provides the

visual target, and the green, ring-shaped cursor displays head
position.

ception tests. For the cervical JPE test, most studies used
3 or 10 repeats for each motion. A recent study showed
that for a spinal JPE test, increasing trial numbers to 6 or
more improved stability and statistical power.® No stud-
ies have investigated the optimum number of trials to
perform, for the cervical JPE or the cervicocephalic kin-
esthesia tests.

A few studies have addressed reliability of the cervical
JPE test.®”1318 Two reporting intraclass correlation co-
efficients (ICCs)®'®!” demonstrated good reliability ex-
cept for repositioning following cervical extension, in
which the reliability was low. For the cervicocephalic
kinesthesia test, analysis of a small subgroup of partici-
pants showed “acceptable” reliability.'* The impact of

varying trial numbers on test-retest reliability has not
been reported for any proprioceptive function tests.

The primary aim of this study was to define optimum
protocols for evaluating cervical spine proprioception
using the JPE test and cervicocephalic kinesthesia test, in
terms of the number of trials needed in healthy subjects
to maximize stability and reliability. A secondary aim
was to evaluate whether the 2 tests are comparable mea-
sures of the underlying construct of cervical spine pro-
prioception in normal subjects by analyzing the level of
correlation between performances in both.

B Materials and Methods

A test-retest design was used to evaluate stability and combined
within and between day reliability.

Sixteen healthy volunteers (6 men, 10 women), with a mean
(SD) age of 26.5 (9.4), gave informed consent and participated
in the study, which received institutional human research ethics
approval. Each subject was tested on 3 occasions. Tests 1 and 2
took place consecutively on the same day. Test 3 took place 5 to
7 days later, at the same time of day to maintain consistent
conditions. The same examiner performed all tests.

Equipment
Head repositioning and tracking were assessed using a Pol-
hemus 3 space Fastrak electromagnetic-tracking system
(Colchester, VT). Subjects were seated 80 c¢cm in front of a PC
monitor. A head-mounted receiver, positioned over the vertex,
was fixed to a plastic head strap. A second receiver was secured
over the spinous process of the T2 vertebra to monitor trunk
movement (Figure 1).

For the cervicocephalic kinesthesia test, head sensor posi-
tion was displayed by a cursor on the screen. Horizontal and
vertical motion of this represented rotations in azimuth and
elevation, respectively, maintaining a 1:1-relationship between
angular head motion and cursor deviation. A second cursor
provided the visual target for head-tracking tasks. Target tra-
jectories were generated by scripts written in MatLab (The
MathWorks Inc., Natick, MA).

Procedure
The cervical JPE test was carried out first, followed by the
cervicocephalic kinesthesia test. A short training protocol pre-
ceded each. All trials were cued by a 2-second auditory tone,
with recording commencing at the end of the tone. Training
and test protocols are detailed in Table 1.

Cervical JPE Test
Subjects located their head in their perceived neutral position.
They then made a full active movement in left rotation, right

Table 1. Details of the Training and Test Protocols Followed for the Cervical JPE and Cervicocephalic Kinaesthesia

Head Tracking Tests

Test Training Protocol

Test Protocol

Cervical JPE test
rotation, flexion and extension

4 practice trials in total
Cervicocephalic kinaesthesia head
tracking test 3 randomly generated curve trials

6 practice trials in total

1 trial each for repositioning following left and right cervical

3 fixed curve trials each presented once

10 trials for each repositioning movement
Presented in pseudo-randomized sequence
40 test trials in total

3 fixed curve trials each presented 3 times

9 randomly generated curve trials

All presented in pseudo-randomized sequence
18 test trials in total

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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rotation, flexion, or extension, with direction instructed verbally
before each trial. Inmediately afterward, they attempted to return
to the initial neutral position. Vision was occluded throughout.
Start and finish positions were electronically marked. Subjects
were allowed to move their head before each trial. Root-squared
error (RSE) (degrees) was calculated for the primary plane of mo-
tion as the difference between head sensor position at the start and
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end of the recorded segment of data, with any difference in T2
sensor position subtracted.

Cervicocephalic Kinesthesia Test
Preceding each trial, the stationary visual target was visible for 2
seconds, during which the subjects moved their heads to position
the cursor over the target. Each trial lasted for 15 seconds, during
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Figure 3. Effect of number of tri-
als on stability of mean group
head repositioning errors in the
cervical JPE test. For each head-
repositioning motion, the number
of trial repeats are plotted
against mean group mean RSE
(A-D) or mean group standard
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which the subjects moved their heads to track the target with the
head position cursor. Two types of target trajectory were pre-
sented in pseudo-randomized sequence.

Fixed Trajectory. In accordance with Kristjansson et al
(2004),"* 6 curved, unpredictable trajectories with constant
velocity of 1° sec™ ! were generated. Three were presented dur-
ing pretest training and 3 as test trials (Table 1).

Random Trajectory. To evaluate whether the test could be
carried out without preselection and repetition of trajectories, a

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

=== 95% confidence interval
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unique trajectory was generated for each trial. These had vari-
able velocity, with a maximum of 1° sec™'.
Mean RSE (degrees) between the visual target and head

position cursor was calculated across each trial.

Data Analysis
Scripts were written in MatLab to calculate errors for each
repositioning and tracking trial. Data were analyzed for sys-
tematic differences across trials on test occasion 1, and across
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occasions 1 to 3 with a series of repeated measures 1-way
ANOVAs.

Stability was analyzed for individual subjects and group perfor-
mance. Accuracy (mean) and precision (SD)® for repositioning error,
and mean and SD mean RSE for head tracking, were calculated with
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inclusion of data from increasing numbers of trials from test occasion
1. Coefficients of variation were also calculated, enabling variability
of tasks with different means to be compared. Plots of the effect of
different numbers of trial repeats on these derived variables were
analyzed descriptively. It was not appropriate to apply ANOVAs to
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the effect of trials analysis. As different numbers of data values were
used to derive each observation, their underlying variances are not
homogenous, and the usual variance-covariance assumption for a
repeated measures ANOVA is not met.'*2°

Combined within and between-day reliability was analyzed
by calculating performance across increasing numbers of trials
on each test occasion, then computing ICCs (2,k) with 95%
confidence intervals (CIs) on these.

Association between the subjects’ performances in all tasks
was analyzed using the Pearson correlation coefficient.

H Results

For cervical JPE and cervicocephalic kinesthesia tests,
repeated measures ANOVAs indicated no systematic
differences in group performance across trials compris-
ing test occasion 1 or between occasions 1 to 3 (P >
0.05).

Stability
For repositioning errors, the mean, SD, and coefficients
of variation with inclusion of data from increasing num-
bers of trials are shown for individual subjects (Figure 2)
and mean group performance (Figure 3). Figure 2 shows
the differences between the estimates derived from in-
creasing numbers of trials and illustrates that for exten-
sion repositioning, each parameter shows inconsistency
when derived from few trials. For precision, fewer than 4
repeats tended to result in underestimation of the SD for
subjects who showed poorer overall precision in perfor-
mance. For most subjects, stable estimates were derived
from 6 or more trials (differences approximate zero). The
same trends were observed for effect of trials on exten-
sion and rotation repositioning (not shown). Figure 3
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shows a similar pattern for mean group performance
whereby accuracy and precision estimates for all move-
ments generally reached stable levels with 6 trial repeats,
coinciding with narrower Cls. The pattern for coeffi-
cients of variation (not shown) was similar to that of the
SDs.

Analysis of the cervicocephalic kinesthesia test is
shown for individual subjects (Figure 4) and mean group
performance (Figure 5). Figure 4 illustrates that deriving
data from approximately 6 or more trials resulted in
relatively stable estimates for most subjects. Figure 5
shows that estimates of mean group performance simi-
larly stabilize with 6 or more trial repeats, coinciding
with narrower Cls.

Reliability
The effect of calculating ICCs from increasing numbers
of trials is shown for cervical JPE and cervicocephalic
kinesthesia tests (Figure 6). With 3 or fewer repeats,
ICCs are lower for extension repositioning than for flex-
ion and rotation. For all movements, 5 or more repeats
resulted in the highest, most stable reliability estimates of
between ICC (2,k) = 0.73 to 0.84. Taking ICC = 0.41 as
a threshold minimum for “fair” reliability,*! consider-
ation of the lower bound of the CI for ICC values shows
that all exceed 0.41 with 5 or more repeats.

For head tracking, ICC values of over 0.8, indicating
“substantial” reliability*' were obtained with 3 repeats.
The highest, most stable estimates of ICC (2,k) = 0.90 to
0.97 were derived with 5 or more repeats. The lower
bound CI threshold of 0.41 was exceeded with a single-
tracking trial.
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Correlation Between Tests
Scatterplots revealed no nonlinear association between
the tests. Pearson correlation coefficients for perfor-
mance in cervical JPE and cervicocephalic kinesthesia
tests using data from 6 trial repeats are shown in Table 2.

Within each repositioning movement, significant cor-
relation (r = 0.631-0.854, P < 0.01) was shown be-
tween accuracy and precision. Comparing the move-
ments, significant correlation (r = 0.673, P < 0.01) was
shown between precision of flexion and extension repo-
sitioning. Correlation of accuracy between these motions
approached the significance at the 0.05 level (r =
—0.492, P = 0.053). No significant correlation was
shown between any other pair of repositioning move-
ments. Performance between random and fixed trajec-
tory head-tracking conditions was significantly corre-
lated (r = 0.905, P < 0.01).

When comparing the performance between the cervi-
cal JPE versus cervicocephalic kinesthesia tests, no sig-
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nificant correlations were found for any parameters or
any conditions (P > 0.05).

H Discussion

The aims of this study were to test the reliability and
stability of 2 measures of neck proprioceptive function
and to compare the performance in the 2 tests.

Systematic error effects should be investigated before
interpreting reliability analyses, because high ICC scores
are possible even with significant systematic effects
present.”” The absence of systematic effects indicated
that our practice protocols were sufficient to remove the
potential effects of learning. Similarly, it can be assumed
that no fatigue effects occurred.

For head repositioning, the finding that the data from
6 or more trials of each movement direction were needed
to achieve stable estimates of accuracy, precision, and
coefficients of variation was consistent with the results
reported by Allison ez al (2003)® for repositioning of the
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Table 2. Correlation Between Performance in the Cervical JPE and the Cervicocephalic Kinaesthesia Tests

JPE Left JPE Right JPE Flexion JPE Extension Head Tracking Head Tracking
Rotation Mean Rotation Mean Mean Mean Random Mean Fixed Mean
r P r P r P r P r P r P
JPE left rotation mean
JPE right rotation mean 0216  0.422
JPE flexion mean 0.102  0.707 —0.221 0.410
JPE extension mean 0.080 0.770 0.056  0.838 0.492 0.053
JPE left rotation SD 0.755  0.001* 0.143  0.598 0.215 0.424 0.093 0.733
JPE right rotation SD —-0.026 0.925 0.854  0.000* —0.118 0.662 —0.054 0.842
JPE flexion SD 0315  0.235 —.142  0.600 0.631 0.009* 0.425 0.101
JPE extension SD 0.103  0.706 0.060 0.826 0.631 0.009* 0.848 0.000*
Head tacking random mean  —0.053  0.846 —0.141 0.603 —0.001 0.997 0.228  0.396
Head tracking fixed mean —0.162  0.548 -0262 0.327 —0.141 0.601 0.097 0.722 0.905 0.000*
Head tracking random SD 0.022 0935 0.033  0.904 —0.116 0.668 —0.347 0.188 0.229 0.39%4 0.072 791
Head tracking fixed SD —0.046  0.865 —0.476  0.865 0.140 0.605 0.146 0.588 0.443 0.086 0.467 .068

*Correlation is significant at the 0.01 level (2-tailed).
r indicates Pearson's correlation; P = probability.

thoracic and lumbar spine. This suggests that recent
studies using 3 repetitions in the cervical JPE test may
have used insufficient trials to ensure optimum evalua-
tion of repositioning ability.”*'>'” Less accurate esti-
mates influence reliability, particularly if variance is af-
fected, because this is the basis of indexes such as ICCs.*?
In agreement with this, we found that greater test stabil-
ity coincided with higher ICC values. Poor reliability
(ICC = 0.29) has been reported for head repositioning
following cervical extension using 3 trials.'” Here, exten-
sion repositioning similarly showed poor reliability
(ICC = 0.20) with 3 trials, but with 5 to 6 trials, this
increased to 0.76, illustrating how the test protocol can
directly influence the reliability of the outcome measure-
ment. Generally, ICCs influence correlation analyses and
can also be used to adjust sample size and statistical
power calculations.?? Test protocols and their effect on
reliability of the outcome measure thus should be impor-
tant considerations for clinical studies.

The level of reliability considered acceptable varies
widely in the literature, with lower limits for “good”
reliability ranging from ICC = 0.61 to 0.81.%*"*° How-
ever, some sources recommend that only “substantial”
reliability (ICC = 0.81-1.0) should be considered ade-
quate.”! Estimation of Cls around ICCs is advocated to
avoid making false inferences about reliability.?" Here,
consideration of 95% Cls revealed that even with good
ICC values obtained from 6 trials, lower CI bounds
ranged only from fair to moderate reliability (0.36—
0.62). Increasing the number of subjects further would
be expected to improve Cls.

Results for head tracking showed that stable estimates of
mean, SD, and coefficients of variation are obtained for
individual subjects, and for the group, with 6 trials. With
this protocol, reliability was substantial to excellent (ICC =
0.91 and 0.90), and the lower bound for the CIs fell within
the “good” range (ICC = 0.78 and 0.77). This test has only
been reported once previously, using fixed trajectories and
a 9 repeat protocol.'* Our work indicates that a shorter

trials protocol produces highly reliable results. Comparable
performance between randomly generated and fixed trajec-
tories indicated that the preselection and repetition of tra-
jectories'® are not necessary.

For head repositioning, significant correlations be-
tween accuracy and precision for each movement direc-
tion suggest that both are comparable indexes of perfor-
mance. This is in accordance with the proposals that
both should be considered as metrics of proprioception
in JPE tests.®*® Comparing different repositioning move-
ments, an apparent discrepancy was found of correlation
between extension and flexion, but not between left and
right rotation. One possibility was lower variance in the
latter 2 movements, however, examination of data did
not indicate this. Another possible explanation is that
differences in symmetry of cervical spine joint or muscle
function might introduce greater differences between
movements to the left and right in the transverse plane
than between flexion and extension in the saggital plane.
One previous study also found no significant correla-
tions between rotation and extension repositioning in
normal subjects, but flexion repositioning was not mea-
sured.” The same study revealed greater correlation be-
tween repositioning movements in whiplash patients.
This might be accounted for by greater variability in
performance among a heterogenous group of subjects,
which would be expected to influence correlation coeffi-
cients. However, with whiplash patients, the possibility
cannot be excluded that vestibular deficits, associated
with trauma, could influence the performance in the
tests. Different patterns of association may be found in
nontrauma neck pain patients, and evaluation of the cer-
vical JPE test in different subcategories of neck pain pa-
tients will elucidate this further.

The lack of correlation between parameters of head
repositioning and head tracking suggests that these tests
may not be comparable measures of cervical propriocep-
tion. However, this study used a sample of normal sub-
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jects, limiting generalizability of the findings. In addition,
a larger sample might enable detection of additional
weak associations that is not revealed here.?°

This is the first time that the cervical JPE and cervico-
cephalic kinesthesia tests have been compared. However,
a recent study” showed that the performance of whiplash
subjects in the JPE test weakly correlated to ocular motor
function in the smooth pursuit neck torsion test also
proposed as a measure of proprioception.”” This sup-
ports the need for further studies evaluating concurrence
between the different proposed tests of proprioception in
various patient groups to increase understanding of ex-
actly what underlying constructs are being measured.
Sensorimotor control of head and eye movement de-
pends on complex interactions between proprioception,
other sensory cues, and motor learning, and it is likely
that different tests place different challenges on these. It
would seem advantageous when assessing neck proprio-
ception to include a range of measures that challenge
different aspects of head sensorimotor control. Better un-
derstanding of these mechanisms would enhance the un-
derstanding of how patients with various neck problems
may be impaired in their functional ability, and the con-
sequences of this for progression of their condition, di-
agnosis, and treatment.

H Conclusion

Tests of cervical spine proprioception should use proto-
cols optimizing stability and reliability of outcome mea-
sures. This study evaluated protocols for the cervical JPE
test and the head-tracking test for cervicocephalic kines-
thesia. Results demonstrated that 6 trials were needed to
derive stable estimates, coinciding with higher test-retest
reliability. This has important implications for experi-
mental design and interpretation, and clinicians and re-
searchers should consider these findings when imple-
menting test protocols.

In this sample of normal subjects, no significant cor-
relation was observed between performances in the 2
tests, suggesting that they may not be comparable mea-
sures of the same basic underlying construct of cervical
proprioceptive function. Further studies should evaluate
the levels of association in different categories of neck
pain patients.

H Key Points

e Functional outcome measures should demon-
strate stability and reliability.

e Optimum protocols for the cervical JPE and cer-
vicocephalic kinesthesia tests had not been previ-
ously evaluated.

e Six or more trials were needed to optimize sta-
bility and reliability of outcome measures in both
tests.

e No correlation was shown between perfor-
mances in the 2 tests.

e The cervical JPE and cervicocephalic kinesthesia
tests may not be comparable measures of proprio-
ceptive contribution to head sensorimotor control.

Acknowledgments
The authors thank Chris Wright, School of Health Sci-
ences, University of Birmingham, for advice on statistics.
They also thank the PRISM laboratory, School of Psy-
chology, University of Birmingham, for providing equip-
ments and technical support.

References

1. de Jong PTVM, Vianney de Jong JMB, Cohen B, et al. Ataxia and nystagmus
induced by injection of local anaesthetics in the neck. Ann Neurol 1977;1:
240-6.

2. Taylor JL, McCloskey DI. Proprioception in the neck. Exp Brain Res 1988;
70:351-60.

3. Bennell KL, Hinman RS, Metcalf BR. Relationship of knee joint propriocep-
tion to pain and disability in individuals with knee osteoarthritis. | Orthop
Res 2003;21:792-7.

4. Baker V, Bennell K, Stillman B, et al. Abnormal knee joint position sense in
individuals with patellofemoral pain syndrome. | Orthop Res 2002;20:
208-14.

5. Newcomer KL, Laskowski ER, Yu B, et al. Differences in repositioning error
among patients with low back pain compared with control subjects. Spine
2000;25:2488-93.

6. Revel M, Andre-Deshays C, Minguet M. Cervicocephalic kinesthetic sensibility
in patients with cervical pain. Arch Phys Med Rehabil 1991;72:288-91.

7. Treleaven J, Jull G, LowChoy N. The relationship of cervical joint position
error to balance and eye movement disturbances in persistent whiplash. Man
Ther 2006;11:99-106.

8. Allison GT, Fukushima S. Estimating three-dimensional spinal repositioning
error: the impact of range, posture, and number of trials. Spine 2003;28:
2510-6.

9. Sterling M, Jull G, Vicenzino B, et al. Characterization of acute whiplash-
associated disorders. Spine 2004;29:182-8.

10. Heikkila H, Wenngren BI. Cervicocephalic kinesthetic sensibility, active
range of cervical motion, and oculomotor function in patients with whiplash
injury. Arch Phys Med Rehabil 1998;79:1089-94.

11. Kristjansson E, Dall’Alba P, Jull G. A study of five cervicocephalic relocation
tests in three different subject groups. Clin Rehabil 2003;17:768-74.

12. Treleaven J, Jull G, Sterling M. Dizziness and unsteadiness following whip-
lash injury: characteristic features and relationship to joint position error.
J Rehabil Med 2003;35:36-43.

13. Palmgren PJ, Sandstrom PJ, Lundqvist FJ, et al. Improvement after chiro-
practic care in cervicocephalic kinesthetic sensibility and subjective pain
intensity in patients with nontraumatic chronic neck pain. | Manipulative
Physiol Ther 2006;29:100-6.

14. Kristjansson E, Hardardottir L, Asmundardottir M, et al. A new clinical test
for cervicocephalic kinesthetic sensibility: “the fly.” Arch Phys Med Rehabil
2004;85:490-5.

15. Christensen HW, Nilsson N. The ability to reproduce the neutral zero posi-
tion of the head. ] Manipulative Physiol Ther 1999;22:26-28.

16. Kristjansson E, Dall’Alba P, Jull G. Cervicocephalic kinaesthesia: reliability
of a new test approach. Physiother Res Int 2001;6:224-35.

17. Lee H-Y, Teng C-C, Chai H-M, et al. Test-retest reliability of cervicocephalic
kinesthetic sensibility in three cardinal planes. Man Ther 2006;11:61-8.

18. Loudon JK, Ruhl M, Field E. Ability to reproduce head position after whip-
lash injury. Spine 1997;22:865-8.

19. Girden ER. ANOVA Repeated Measures. Sage Publications; 1991.

20. Sim J, Wright C. Research in Health Care Concepts, Designs and Methods.
2000.

21. Shrout PE. Measurement reliability and agreement in psychiatry. Stat Meth-
ods Med Res 1998;7:301-17.

22. Weir JP. Quantifying test-retest reliability using the intraclass correlation
coefficient and the SEM. | Strength Cond Res 2005;19:231-40.

23. Swinkels A, Dolan P. Regional assessment of joint position sense in the spine.
Spine 1998;23:590-7.

24. Amirir M, Jull G, Bullock-Saxton J. Measuring range of active cervical ro-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Evaluation of Cervical Proprioceptive Function * Swait et al E701

tation in a position of full head flexion using the 3D Fastrak measurement 26. Clark FJ, Larwood KJ, Davis ME. A metric for assessing acuity in positioning
system: an intra-tester reliability study. Man Ther 2003;8:176-9. joints and limbs. Exp Brain Res 1995;107:73-79.

25. Morphett AL, Crawford CM, Lee D. The use of electromagnetic tracking 27. Tjell C, Tenenbaum A, Sandstrom S. Smooth pursuit neck torsion test—a
technology for measurement of passive cervical range of motion: a pilot specific test for whiplash associated disorders? J Whiplash Assoc Disord
study. | Manipulative Physiol Ther 2003;26:152-9. 2002;1:9-24.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



