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ABSTRACT

whiplash-associated disorder (WAD).

results clinically insignificant.

INTRODUCTION

Postural balance measurements are commonly used
methods in laboratory and clinical settings. Although
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Objective: Our study aimed to examine the inter- and intra-tester reliability of postural balance tests in patients with

Methods: Fifteen adults with chronic WAD performed 7 different postural balance tests using a static force platform:
in the neutral head position (neutral test), gaze rotated 20° (left and right), head rotated 20° (left and right), and neck
torsioned 20° (left and right) positions. Inter- and intra-tester reliability were assessed for both individual tests and the
differences between the neutral test and each test variant in sway velocity (mm/s) and velocity moment (mm?/s)
parameters. This assessment utilized intra- and interclass correlation, mean differences of 2 measurements (paired t-test
or Wilcoxon signed-rank test), the coefficient of within-subject variance, and the 95% percentile.

Results: Overall results showed at least a strong (>0.70) correlation between the 2 testers and the tester’s 2 test
sessions in the individual tests. Furthermore, the average results did not mainly differ between testers and test sessions,
and no wide variability of results was noticeable, indicating that the results can be considered clinically meaningful.
However, the correlations of the between-test differences primarily ranged from negligible to moderate, leaving the

Conclusions: The results of this study suggest that individual postural balance tests yield clinically reliable results for
patients with WAD. However, caution is warranted when assessing the difference between balance test variations. It is
not yet known whether these tests can distinguish between different study groups and whether they are reliable in
assessing different sensory systems. (J Manipulative Physiol Ther 2025;48;404-421)

Key Indexing Terms: Neck Pain; Postural Balance, Reproducibility of Results; Whiplash Injuries

postural balance is established by the cooperation of sev-
eral peripheral senses, such as the visual, vestibular, and
somatosensory systems, and the central nervous system,l'3
cervical afferent input appears to play an essential role in
maintaining body postural control.

The relationship between altered cervical proprioception
and impaired postural control has been demonstrated
experimentally using artificial cervical muscle vibration
and muscle fatigue methods in asymptomatic individuals.”
’ Furthermore, several studies have shown impaired pos-
tural control in individuals with neck pain (NP), especially
in those with whiplash-associated disorder (WAD), com-
pared to asymptomatic individuals.”* '’ However, clinical
diagnostic tests for cervical sensorimotor differential diag-
nosis have yet to be developed for balance testing.

Yu et al.'' introduced an eyes-closed balance test varia-
tion, the neck torsion maneuver, to compare balance perfor-
mance between a neutral head-trunk position and a trunk
rotated beneath the neutral head position. Their'' and later
Williams et al.’s'” studies showed that this maneuver
decreased postural control compared to the neutral head-
trunk position in individuals with chronic NP, but not in
asymptomatic individuals or those with unilateral
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vestibular loss. Since the eyes are closed and cervical rota-
tion is performed by changing body position (the head
remains in place), it has been suggested that the changes in
the results of the NP group are related to altered cervical
rather than vestibular and visual afferent input.' "'

Other mechanisms should also be considered. In con-
trast to neck torsion, the neck rotation maneuver (cervical
rotation above the neutral trunk position with eyes closed)
would not appear to decrease postural control,'""'* although
cervical afferent input can be assumed to alter in both posi-
tions. The different effects of these maneuvers on balance
cannot be related to compensation of the vestibular system
alone because the neck rotation maneuver does not seem to
affect postural control in individuals with unilateral vestib-
ular disorder."?

However, changes in head and body position appear to
have opposite effects on the spatial weight direction of
visual stimuli.'*'* Furthermore, animal studies have
reported increased activation of the vestibulo-ocular reflex
interneurons in the vestibular nuclei during neck torsion
movements.'” Closing the eyes does not appear to resolve
this issue, as functional magnetic resonance imaging stud-
ies have shown that the eyes-closed condition paradoxi-
cally increases brain activity in the visual system compared
to the eyes-open condition.'®'” These findings challenge
the notion that the neck torsion maneuver elicits cervical
afferent input alone. Instead, they suggest that the differen-
ces in postural control between those with and without NP
may be related to the combined effects of different systems,
such as altered cervical, visual, and vestibular afferent
input.

The literature partially supports this speculation, report-
ing comparable mean differences in postural balance meas-
urements between individuals with WAD and
asymptomatic individuals in both eyes-open and eyes-
closed conditions,® along with decreased postural control
in individuals with WAD compared to those with acoustic
neuroma during eyes-open and visual conflict, but not in
eyes-closed comfortable stance.'® Surprisingly, a similar
phenomenon is not reported between individuals with non-
specific NP and asymptomatic individuals,'” further sug-
gesting that these potential combined effects may differ
between NP groups.

Only a few studies have evaluated different eye move-
ment task responses to balance control. In healthy individu-
als, saccadic eye movements seem to increase postural
control compared to gaze fixation or random looking.'***°
In contrast, the effects of smooth pursuit eye movements
appear to vary depending on the target’s speed.'””' A
space-fixed external visual reference structure seems to
have an input component for postural control, independent
of whether the eyes are moving.”> On the other hand, indi-
viduals with NP may have different balance responses to
visual tasks compared to asymptomatic subjects, as neck
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muscle activation patterns, with and without neck move-
ment, have been reported to differ between these groups
during different eye movement tasks.”"**

Assessing the reliability of balance measurements is
necessary to ensure that measurement differences between
testers, test sessions, or research groups reflect a real differ-
ence or change rather than a random or systematic error in
the measurement technique. The reliability of balance
measurements using a force platform system has been
widely evaluated, showing at least moderate reliability.” >’
However, most studies have evaluated the reliability of
these measurements in asymptomatic individuals during
both normal and narrow stances, with eyes open and
closed. In contrast, there have been no reported reliability
studies on neck and gaze-related test modifications or on
studies involving individuals with NP. Therefore, our study
aimed to examine the inter- and intra-tester reliability of
static force platform measurements with different gaze
tasks and head and body positions in patients with NP due
to WAD.

METHODS

Study Design
An inter- and intra-tester reliability study was con-
ducted.

Ethics

The Ethics Committee of the Turku University Hospital
(TUH), Finland, reviewed the study protocol, and TUH
granted a research permit for this study.

Participants

Auria Clinical Informatics (European Union Digital
Innovation Hub) conducted a patient registry search of
TUH using the whiplash injury diagnosis codes to recruit
participants. Potential participants were sent a Research
Information Sheet and a written consent document. After
receiving the consent document, the first author (NS)
assessed the potential participant’s eligibility for the study
from the TUH patient register, checked by another author
(OT).

Participants were included in the study if their symp-
toms started after the accident and continued since then but
for at least 3 months; symptoms had limited functioning,
activity, and participation levels (causing sick leave or the
need for repeated/long-term treatments); their age was 18
to 65; and their written and spoken Finnish language was
proficient.

Participants were excluded from the study if they had
not had a magnetic resonance imaging of the cervical spine;
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had a spinal or nervous pathology explaining the symptoms
(eg, myelopathy, fracture, radiculopathy); had a congenital
structural abnormality of the cervical spine or craniocervi-
cal junction (eg, Chiari malformation); were on medication
that may cause dizziness or balance problems; or had a
traumatic brain injury diagnosed by abnormal imaging
findings in the cerebellum or brainstem area, or classified
as moderate-severe based on level of consciousness.

The sample size for comparing 2 coefficients of the
inter-tester agreement was calculated using G*Power soft-
ware by selecting the significance level as 0.05 and power
as 0.8. The required sample size was 13 subjects, but it was
set to 15 subjects, considering a possible dropout rate of
10%.

Measurements

All subjects completed the electronic questionnaire
before the test session to collect their demographics, health
status, quality of life, and information on physical activity
level through single-item questions.”*”” The questionnaire
also inquired about symptoms and impairments (using a 5-
point Likert scale, from none to total) that might relate to
balance performance.” The questionnaire was sent using
the Research Electronic Data Capture (REDCap, Vander-
bilt University) software.

Testing Equipment

Postural balance measurements were performed in the
motion laboratory at TUH with a computer-based force
platform system (Good Balance). The testing environment,
including lighting, temperature, noise, and time (between
12:00 and 16:00), was standardized.

Balance was evaluated with 7 different tests: (1) The
body and neck were in a neutral position with a gaze
forward (neutral test); (2) The body and neck were in a
neutral position with the gaze turned 20° to the right
and left (the gaze right/left rotation test); (3) The body
was in a neutral position, gaze forward, and the head
was turned 20° to the right and left (neck right/left rota-
tion test); (4) The head was in a neutral position, gaze
forward, and the body turned 20° to the right and left
(neck right/left torsion test).

All tests were performed with the eyes open because the
mean difference in postural balance measurements between
individuals with WAD and asymptomatic individuals does
not appear to differ between eyes-open and eyes-closed
conditions.® Furthermore, the test position was adjusted
from the commonly used 45° neck torsion/rotation position
in cervical sensorimotor testing to 20° in each direction, as
individuals with WAD cervical rotational mobility and
gaze-fixed cervical active movement can fall below 45°
and 30°, respectively.’** A smartphone (Apple iPhone X
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A1901) and the 3D range of motion (ROM) application
were used to assess cervical mobility. The suitability of the
phone and application used in the study to measure the
mobility of the cervical spine has been verified.””

The standing position was validated at 1/3 trochanter
width to be comparable between subjects. The distance
between the trochanters was measured with a flexible mea-
suring tape. The same method has been used, e.g., when
testing lumbar movement control.**

Two final-year physiotherapy students (JM and JK)
trained by the 2 authors (NS and AO) independently per-
formed 7 balance tests, and one of the testers on 2 occa-
sions. Two testers were used because the tests involved
measuring and guiding the test position (e.g., leg and neck
test positions) and evaluating the approved test perfor-
mance. Testers were blinded to all study and subject infor-
mation, each other’s measurements, and one tester’s
previous measurements. A detailed explanation of the
equipment and tests used is presented in Appendix 1 in the
supplementary file.

Procedure

Before starting the balance measurements, the testers
measured the subjects’ cervical active mobility and hip
width to determine the standing position. A subject was
excluded from the study if the cervical rotation was below
20° in either direction.

Before each balance test, the subjects were given clear
and consistent test instructions. However, the testers were
allowed, if necessary, to modify the words used in the
instructions and demonstrate the test to minimize possible
misinterpretations related to the test instructions.”

The neutral test was performed first. The order of the
other tests and the side performed first were randomized.
Each test was performed without shoes once for 15 sec-
onds, with a 1-minute break in between. If any symptoms
were increased during the test, the next test was performed
only after the symptoms were relieved. Test practice was
not allowed. These interventions aimed to control factors
such as muscle fatigue, symptom changes, and learning
effects that may affect balance performance.”**'" If the
test was not performed according to the instructions, for
example, when the head or trunk position was changed, the
test was repeated.

After the first tester completed the test session, there
was a 5-minute break before the second tester’s test ses-
sion. The first tester performed a second balance assess-
ment 2 to 4 weeks later. The changes in subjects’
symptoms between test sessions were assessed using the
Global Rating of Change (GROC) scale ranging from
-7 (a very great deal worse) to +7 (a very great deal
better).”” Subjects with a GROC score of more than 43
were excluded from the data analysis because they were



Journal of Manipulative and Physiological Therapeutics
Volume 48, Number 1-5

considered to have shown clinically meaningful
improvement or worsening of symptoms.”> The GROC
scale has been found to moderately correlate with dis-
ability change scores in patients with NP.*°

Statistical Analysis

In each postural balance test, 3 outcome parameters
were calculated from the movement of the center of pres-
sure (CoP): 1) anterior-posterior (AP) sway velocity (mm/
s), 2) mediolateral (ML) sway velocity (mm/s), and 3)
velocity moment (mm?/s).>>’

A 3-layered approach was used to assess reliability.
First, the group means of the 2 measurements — both
between the 2 testers and between the tester’s 2 test ses-
sions — were analyzed to test their agreement (ie, whether
scores systematically changed between the 2 measure-
ments). The normality of the data distribution was assessed
visually from the graphs (histogram and Q-Q plot) and
using the Shapiro-Wilk test. The normally and non-nor-
mally distributed data were analyzed with a paired t-test
and a Wilcoxon signed-rank test, respectively, with a sig-
nificant level set at .05 (2-tailed).

Next, the correlation coefficient was used to describe the
strength of the association between the 2 measurements.
The intraclass correlation coefficient ICC1,k — 1-way ran-
dom effects, absolute agreement, multiple raters/measure-
ments) with a 95% CI and Pearson’s correlation coefficient
(PCC) were used if the data was normally distributed, and
Spearman’s correlation coefficient (SCC) otherwise. The
following classifications were used to interpret correlation
coefficients: >0.90 = very strong correlation; 0.70 to
0.89 = strong correlation; 0.40 to 0.69 = moderate correla-
tion; 0.10 to 0.39 = weak correlation; 0.00 to 0.10 = negligi-
ble correlation.”

Finally, the coefficient of within-subject variance
(CWYV) and 95% percentile were used to describe the vari-
ability between the 2 measurements.

Since different test variants, such as the neck torsion
maneuver, are used to evaluate the effects of different sen-
sory systems on postural control, the reliability of the
change between the neutral test and each variant was also
assessed. To achieve this, the differences in CoP parame-
ters between the neutral test and each test variant were cal-
culated (eg, the first tester’s first test session: the ML sway
velocity of the gaze right rotation test minus the ML sway
velocity of the neutral test). The analyses between the 2
testers and between the tester’s 2 test sessions were then
continued as previously described. Neut-GazeR/L, Neut-
RotR/L, and Neut-TorR/L were used to present the differ-
ences between the neutral test and the gaze right/left rota-
tion, neck right/left rotation, and neck right/left torsion
tests, respectively.
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Outside the reliability analysis, the demographic fea-
tures and severity of symptoms and impairments experi-
enced by the patients were calculated to describe the study
population. The severity of symptoms and impairments
was reported as the mean and SD and with the frequency of
patients who rated items 2-4 on a 5-point scale.

EL performed the randomization and all statistical anal-
yses with SAS software, Version 9.4 of the SAS System
for Windows (SAS Institute Inc.). All data are presented to
allow comparisons between the results within this publica-
tion and between this and other publications.

REsULTS

A total of 15 subjects participated in the study. One sub-
ject withdrew from the study before the start of the tests
due to an ankle fracture, and 1 subject did not want to par-
ticipate in the retests, so the sample size was 14 in the
inter-tester study and 13 in the intra-tester study. The tests
were performed between February 10 and March 21, 2022.

Description of the Subjects

All subjects were women, with nearly half having
retired due to WAD. The most severe symptoms reported
by the patients were headache, followed by neck pain and
dizziness. The mean active cervical rotation to the left and
right was 49.8° (SD 14.6) and 50.2° (SD 12.3), respec-
tively. Each subject achieved at least 20° of cervical rota-
tion mobility in both directions, and no clinically
meaningful change was observed in their symptoms (range
4 2) on the GROC scale between the 2 test sessions; there-
fore, the results from all subjects were included in the reli-
ability analysis. Detailed demographic data of the subjects
are presented in Table 1.

Inter-Tester Reliability

For individual tests, the ML sway velocity parameter in
the Gaze Left Rotation (GLR), Neck Left Torsion (NLT),
Neck Right Rotation (NRR), and Neck Left Rotation
(NLR) tests; the AP sway velocity parameter in the NLT,
NRR, and NLR tests; and the velocity moment parameter
in all tests failed to meet the normality assumption and
were analyzed using the Wilcoxon signed-rank test and
SCC. When considering the data distribution, all tests
achieved at least a strong correlation (ICC, PCC, or SCC
>0.70) between the testers. However, in the NLT test, the
correlation of the ML sway velocity parameter remained
moderate (SCC 0.67). In addition, in the GLR test, the
average results of the ML sway velocity parameter differed
statistically significantly between testers, and there was a
wide range in the 95% percentiles, which might weaken
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Table 1. Detailed Demographic Data of the Subjects. Table |. (Continued)
Patient Patient
Demographic Results Demographic Results
Female n (%) 15 (100) Severity of symptoms
and impairments™
Age, years Mean (SD) 474 (11.2)
- Headache Mean (SD)/n (%)  2.5(0.7)/14 (93)
Height, cm Mean (SD) 164.9 (6.1)
- Neck pain Mean (SD)/n (%) 2.4(0.6)/14 (93)
Weight, kg Mean (SD) 78.1(15.2)
- Dizziness Mean (SD)/n (%) 2.0(1.1)/10 (67)
Body mass index Mean (SD) 28.8 (5.5)
- Numbness in the Mean (SD)/n (%) 1.9 (1.1)/9 (60)
Education upper extremity
- Primary school n (%) 0(0) - Maintaining balance Mean (SD) / n (%) 1.9 (1.3) /9 (60)
- Upper secondary n (%) 10 (67) - Upper back pain Mean (SD)/n (%) 1.9 (1.4)/9 (60)
education
- Pain in the upper Mean (SD) / n (%) 1.5(1.1)/9 (60)
- Higher education n (%) 5(33) extremity
Work situation - Low back pain Mean (SD) / n (%) 1.4(1.2)/7 47)
- In full-time job / In n (%) 5(33) - Pain in the lower Mean (SD) / n (%) 1.3(1.4)/5(@33)
part-time work extremity
- On sick leave / On n (%) 17 Cervical rotation to the Mean® (SD) / 49.8 (14.6) /20
partial sick leave left Range® —69.4
- Unemployed n (%) 1(7) Cervical rotation to the Mean® (SD) / 50.2 (12.3)/23.6
right Range® —64.6
i E:I:;rifi/ d}:a;r;)nme n (%) 760 * The severity of symptoms and impairments was assessed using a 5-
incapacity poipt Likert scale (frogl 0 = none to 4 = total) and the fre%quency of
patients who rated the items on a scale of 2—4. % = proportion of sub-
- On maternity or n (%) 1 (7) ject§; cm = centimeter; © = degrees; kg = kilogram; n = number of
parental leave subjects.
Perceived health
- Very good / Good n (%) 4(27) the correlation coefficient. Despite these, the overall results
can be considered clinically meaningful.
- Average n (%) S For the differences between neutral and each variant, all
- Fairly poor / Poor n (%) 427 parameters in the Neut-Gazel, Neutral-TorR, and Neut-
TorL; the ML sway velocity parameter in the Neut-RotR;
Quality of life the AP sway velocity parameter in the Neut-GazeL; and
the velocity moment parameter in the Neut-GazeR, Neu-
- Very bad /Bad n (%) 1M tral-RotR, and Neut-RotL did not meet the normality
- Neither good norbad 1 (%) 6 (40) assumption and were analyzed using the Wilcoxon signed-
rank test and SCC. Only the Neut-TorR and Neut-RotL
- Good / Very good n (%) 8(53) achieved at least a strong correlation (ICC, PCC, or SCC
>(0.72) between testers, except for the velocity moment
Amou.nt of leisure time parameter of the Neut-RotL, which exhibited a weak corre-
erereise lation (SCC 0.26). Since the average results did not statisti-
- Low n (%) 3(20) cally differ between testers, and the ranges in the 95%
percentiles were narrow, the results can be considered clini-
- Average n (%) 11(73) cally meaningful. Otherwise, the correlation of differences
between the neutral test and each variant varied from negli-
- Large n (%) 1(7) . .
gible to moderate for each parameter. The detailed values
(continued)  for inter-tester reliability are shown in Tables 2-3.
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Intra-Tester Reliability

For individual tests, the ML sway velocity parameter in
all tests except the Neutral test; the AP sway velocity
parameter in the GLR and NRR tests; and the velocity
moment parameter in all tests except the Gaze Right Rota-
tion test failed to meet the normality assumption and were
analyzed using the Wilcoxon signed-rank test and SCC.
The correlation between the first and second test sessions
was at least strong (ICC, PCC, or SCC >0.70) for all tests,
except for the AP sway velocity parameter of the Neutral
test, which was moderate (ICC 0.68). However, in the
GLR test, the average results for 2 out of 3 parameters sta-
tistically significantly differed between the test sessions,
and there was a wide range in the 95% percentiles, which
might weaken the correlation coefficients. The same phe-
nomenon was noticeable in the velocity moment parameter
of the NLR test. The overall results can be considered clini-
cally meaningful except for the GLR test.

For the differences between neutral and each variant, all
parameters in the Neut-GazeR, Neut-Gazel.,, and Neut-
TorR; the ML sway velocity in the Neut-TorL. and Neut-
RotR; the AP sway velocity in the Neut-RotR; and the
velocity moment in the Neut-TorL, Neut-TorR, and Neut-
TorL did not meet the normality assumption and were ana-
lyzed using the Wilcoxon signed-rank test and SCC. The
correlation was moderate at best (SCC < 0.69) between the
first and second test sessions, and therefore, the overall
results cannot be considered clinically meaningful.
Detailed values for the intra-tester reliability are shown in
Tables 4-5.

DISCUSSION

The study examined the inter- and intra-tester reliability
of force platform measurements in patients with WAD.
The overall results showed that postural balance testing
with different test variations strongly correlated between
the testers and the tester’s 2 test sessions. Furthermore, the
average results did not mainly differ between testers and
test sessions, and no wide variability of results was notice-
able, indicating that the results can be considered clinically
meaningful. However, the reliability of the difference
between the neutral test and each test variant remained
mainly below the acceptable level. Therefore, force plate
measurements as single tests can be considered reliable for
assessing balance performance in patients with WAD.

Systematic reviews and meta-analyses have shown that
individuals with NP have impaired postural control com-
pared to asymptomatic individuals.” '’ However, there is
heterogeneity in the study designs and large differences in
the results of the studies included in the reviews.”'” One
possible reason for the variability of the results may be
related to the reliability of the tests used in the studies.

Previous studies have mainly reported moderate to
strong reliability of balance measurements using a force
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plate system, but differences between tests and parameters
have been large.””*"**' However, most reliability studies
have been conducted with asymptomatic individuals,
except for a few pain disorders such as neck, low back, and
lower extremity pain.””** In individuals with NP, the ICC
has varied from weak to strong depending on the test and
parameter,” 40 but these studies used either 3 successive
trials*® or the Wii measurement device.”® Furthermore, to
our knowledge, no studies have been conducted on the reli-
ability of the difference in CoP parameters between 2 dif-
ferent balance tests.

Several factors have been reported to affect the reliability
of balance measurements, such as instructions, foot position,
visual condition, test duration, and number of repetitions.25
However, changes in the subject’s symptoms and perfor-
mance can also affect the reliability of the tests. Therefore, the
study focused on standardizing the test implementation
between the subjects while minimizing changes in subjects’
performance during and between test sessions.

First, the testers were instructed to ensure that the sub-
jects understood the test instructions before starting each
test. Although the test instructions were first given in a pre-
cisely defined manner, the testers were allowed to modify
the words used in the instructions, supplement the instruc-
tions, and demonstrate the test if the subject felt the test
implementation was unclear.

Second, commonly used testing positions, such as feet-
together, narrow or comfortable stances, were modified
because they cannot be considered comparable between
subjects. For example, in a feet-together stance, the degree
of hip adduction depends on the anatomical width of the
subject’s pelvis. However, since muscle activity in the nar-
row stance seems to be greater compared to the wide
stance,”” the standing position was validated at 1/3 trochan-
ter width.

Third, the recommended long test times (>60 sec) and the
use of several repetitions (23)25 were not followed. The pur-
pose of using short test times, extended breaks if necessary,
only 1 repetition, and the GROC scale was to control factors
that may affect balance performance, such as the subject’s
tiredness,***” muscle fatigue™****’ or changes in symptoms
(pain ratings, sensitization, and dizziness).&m’50 In addition,
learning can affect balance performance. However, perform-
ing the tests with eyes open and on a stable surface’ and with
a short duration and 1 repetition without training has probably
kept the learning effect to a minimum.

Statistics

Most previous studies have applied various ICC models
to represent the reliability of the balance measurements.
However, the ICC assumes a normal data distribution and
stable between-subject variance, and its magnitude depends
on the number of subjects and raters.”””" On the other
hand, the PCC and SCC measure only correlations for
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Table 2. Detailed Values for the Inter-Tester Reliability of Each Test.

Tester 1, Tester 2,
Test Parameter Mean (SD) Mean (SD) Distribution  t-test, p-value WSR, p-value ICC (CI95%) PCC SCC CWV 2.5 percentile 97.5 percentile
Neutral ML sway velocity 8.02 (7.96) 6.93 (7.40) Normal 25 21 0.89 (0.73,0.96) 091 0.84 032 -49 9.1
(mm/s)
AP sway velocity 11.56 (7.95) 12.74 (11.26) Normal 44 74 0.83(0.61,0.94) 0.89 0.67 0.32 -15.3 6.3
(mm/s)
Velocity moment 67.52 (115.62)  87.24(186.30)  Non-normal .35 .86 0.87 (0.68,0.95) 098 0.88 0.70 -255.6 57.4
(mm?/s)
Gaze right rotation ML sway velocity 6.26 (5.86) 5.98 (3.94) Normal .67 .87 0.88 (0.70,0.96) 095 0.89 0.28 -3.1 7.3
(mm/s)
AP sway velocity 10.79 (8.16) 12.03 (8.30) Normal .08 .08 0.95 (0.86,0.98) 096 0.75 0.16 -6.8 33
(mm/s)
Velocity moment 61.89 (136.63)  49.50 (78.07) Non-normal .47 46 0.84(0.62,094) 098 0.84 0.78 -19.6 226.9
(mmZ/s)
Gaze left rotation ~ ML sway velocity 15.57 (27.94) 9.76 (14.82) Non-normal .14 03%* 0.78 (0.51,0.92) 098 0.79 0.81 -1.3 50.4
(mm/s)
AP sway velocity 15.19 (17.13) 15.26 (16.59) Normal 96 91 0.96 (0.90,0.99) 096 0.89 0.20 -10.3 10.2
(mm/s)
Velocity moment 239.58 (578.11) 147.00 (328.12) Non-normal .24 14 0.80(0.56,0.93) 096 0.88 1.04 -12.5 1044.4
(mm?/s)
Neck right torsion ML sway velocity 11.59 (11.24) 10.11 (9.50) Normal 07 1 0.95(0.88,0.98) 098 0.89 0.20 -3.3 7.4
(mm/s)
AP sway velocity 13.87 (12.32) 13.36 (11.84) Normal 44 25 0.98 (0.94,0.99) 098 0.94 0.12 43 4.8
(mm/s)
Velocity moment 107.52 (205.64) 137.13 (295.64) Non-normal .27 .86 0.92 (0.80,0.97) 0.99 095 0.57 -341.0 49.8
(mm?/s)
(continued)
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Table 2. (Continued)

Tester 1, Tester 2,
Test Parameter Mean (SD) Mean (SD) Distribution  t-test, p-value WSR, p-value ICC (CI95%) PCC SCC CWV 2.5 percentile 97.5 percentile
Neck left torsion ML sway velocity 8.24 (5.89) 10.87 (10.96) Non-normal .27 71 0.50(0.17,0.83) 0.64 0.67 0.63 -29.2 3.1
(mm/s)
AP sway velocity 12.26 (8.30) 15.89 (19.28) Non-normal .27 .76 0.66 (0.35,0.88) 095 0.93 0.59 -38.3 54
(mm/s)
Velocity moment 73.64 (173.35)  135.71 (271.55) Non-normal .32 .86 0.49 (0.16,0.83) 0.57 0.86 1.51 -827.0 51.3
(mm?/s)
Neck right rotation ML sway velocity 791 (11.14) 9.71 (14.65) Non-normal .24 25 0.90(0.75,0.96) 094 080 045 -204 1.9
(mm/s)
AP sway velocity 27.29 (53.14) 14.30 (13.28) Non-normal .27 35 0.87 (0.69,0.95) 092 0.76 0.30 -13.1 5.8
(mm/s)
Velocity moment 105.66 (219.64) 174.11 (397.25) Non-normal .18 .63 0.82(0.59,0.94) 1.00 0.84 0.94 -546.8 20.8
(mm?/s)
Neck left rotation ~ ML sway velocity 11.14 (17.86) 10.69 (18.07) Non-normal .71 21 0.97 (0.92,0.99) 0.97 0.87 0.28 -12.7 7.6
(mm/s)
AP sway velocity 14.01 (14.59) 16.71 (19.62) Non-normal .15 27 0.92(0.78,0.97) 097 0.73 032 -13.8 7.5
(mm/s)
Velocity moment 338.30 (988.90) 210.16 (492.67) Non-normal .44 33 0.69 (0.38,0.89) 0.88 0.86 1.53 -454.8 2172.1

(mm?/s)
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AP, anteroposterior; CWV, coefficient of within-subject variation; ICC, intraclass correlation coefficient; ML, mediolateral; PCC, Pearson’s correlation coefficient; SCC, Spearman Correlation Coefficient;
WSRT, Wilcoxon signed rank test.
Variables according to data distribution are in bold. * = Statistically significant difference (<.05).
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Table 3. Detailed Values for the Inter-Tester Reliability of the Differences Between the Neutral and Test Variations.

Tester 1, Mean Tester 2, Mean t-test, WSR, 2.5 97.5
Test Parameter difference (SD) difference (SD) Distribution ~ P-value  P-value  ICC (CI95%) PCC SCC CwWVv percentile  percentile
Neutral-Gaze ML sway velocity —1.76 (3.28) —0.95 (4.72) Normal 41 33 0.61 (0.28,0.86)  0.67 0.43 —1.82 —6.5 7.5
Right Rotation (mm/s)
AP sway velocity —0.77 (4.30) —0.71 (4.09) Non-normal .96 .66 0.38 (0.08,0.80)  0.38 047 —430 -54 9.2
(mm/s)
Velocity moment —5.63 (103.53) —37.74 (136.34) Non-normal .32 90 0.51(0.18,0.83)  0.56 0.20 -3.79 =728 3344
(mm?/s)
Neutral-Gaze Left ML sway velocity 7.55(20.72) 2.84 (8.49) Non-normal .19 55 0.64 (0.32,0.87)  0.97 0.26 1.78 —6.6 41.3
Rotation (mm/s)
AP sway velocity 3.64 (11.42) 2.51(6.39) Non-normal 1.0 49 0.79 (0.53,0.92) 093 0.61 1.35 —5.2 18.2
(mm/s)
Velocity moment 172.06 (485.12) 59.76 (160.31) Non-normal .22 .76 0.55(0.22,0.84)  1.00 0.64 2.03 —36.8 1151.9
(mm?%/s)
Neutral-Neck ML sway velocity 3.57 (4.87) 3.19 (3.46) Non-normal .73 77 0.51(0.18,0.83)  0.55 0.84 0.84 —6.0 12.3
Right Torsion (mm/s)
AP sway velocity 2.31(7.44) 0.62 (2.46) Non-normal .35 .67 0.85(0.70,0.93) 0.53 0.78 1.48 —5.5 20.1
(mm/s)
Velocity moment 40.00 (100.33) 49.89 (113.85) Non-normal .25 50 0.95(0.88,0.98) 0.97 0.88 0.49 —85.4 39.7
(mm?/s)
Neutral-Neck Left ML sway velocity 0.21 (4.00) 3.94 (4.86) Non-normal .09 33 0.00 (., .) -0.50  -0.25 2.25 —24.3 2.8
Torsion (mm/s)
AP sway velocity 0.70 (4.27) 3.15 (10.05) Non-normal .35 84 0.99 (0.98,0.99)  0.36 0.17 0.32 -30.3 6.8
(mm/s)
Velocity moment 6.11 (149.30) 48.46 (94.43) Non-normal .35 81 0.10(0.00,0.97)  0.15 0.37 4.25 —-571.4 158.8
(mm?%/s)
(continued)
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Table 3. (Continued)

Tester 1, Mean Tester 2, Mean t-test, WSR, 2.5 97.5

Test Parameter difference (SD) difference (SD) Distribution ~ P-value  P-value  ICC (CI95%) PCC SCC CwWVv percentile  percentile
Neutral-Neck ML sway velocity —0.11 (5.95) 2.78 (7.80) Non-normal .20 17 0.28 (0.03,0.81) 0.35 -0.06 4.37 —29.5 2.1
Right Rotation (mm/s)

AP sway velocity 1.01 (4.15) 1.56 (2.89) Normal .63 .60 0.33 (0.06, 0.80) 0.36 0.32 221 7.2 7.3

(mm/s)

Velocity moment 38.14 (117.73) 86.87 (236.33) Non-normal .16 07 0.75(0.48,0.91)  0.99 0.68 1.44 —439.3 23.7

(mm?/s)
Neutral-Neck Left ML sway velocity 3.11(10.92) 3.76 (11.70) Normal 49 51 0.95 (0.87,0.98) 0.96 0.40 0.69 -7.8 5.7
Rotation (mm/s)

AP sway velocity 2.45 (9.08) 3.96 (9.01) Normal 41 .58 0.72 (0.43,0.90) 0.73 0.09 1.44 —16.3 8.3

(mm/s)

Velocity moment 270.78 (922.19) 122.91 (335.53) Non-normal .39 72 0.59 (0.26,0.85)  0.94 0.26 2.20 —199.2 2279.6

(mm?*/s)

AP, anteroposterior; CWV, coefficient of within-subject variation; ICC, intraclass correlation coefficient; ML, mediolateral; PCC, Pearson’s correlation coefficient; SCC, Spearman Correlation Coefficient;

WSRT, Wilcoxon signed rank test.
Variables according to data distribution are in bold.
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Table 4. Detailed Values for the Intra-Tester Reliability of Each Test.

Test Parameter Session 1, Mean (SD)  Session 2, Mean (SD)  Distribution  t-test, WSR, ICC (CI95%) PCC SCC CWV 25 97.5
P-value  P-value percentile  percentile
Neutral ML sway velocity (mm/s)  8.02 (7.96) 7.04 (5.14) Normal 25 .35 0.81 (0.57,0.93) 093 0.82 038 -22 12.7
AP sway velocity (mm/s)  11.56 (7.95) 15.00 (13.33) Normal 20 27 0.68 (0.36,0.89) 0.81 0.65 0.46 —27.1 5.9
Velocity moment (mm?s) 67.52 (115.62) 61.94 (110.17) Non-normal .31 74 0.95(0.86,0.98) 0.96 0.75 0.39 —24.3 111.9
Gaze right rotation ~ ML sway velocity (mm/s)  6.26 (5.86) 6.29 (5.48) Non-normal .80 .30 0.95(0.87,0.98) 096 0.78 0.19 —4.5 2.3
AP sway velocity (mm/s)  10.79 (8.16) 13.45 (10.42) Normal .09 .08 0.85 (0.63,0.95) 0.90 0.84 0.30 —14.8 2.5
Velocity moment (mm?/s)  61.89 (136.63) 76.60 (155.48) Normal 18 .54 0.98(0.94,0.99) 099 0.84 030 —86.2 22.8
Gaze left rotation ML sway velocity (mm/s)  15.57 (27.94) 7.09 (9.11) Non-normal .16 <.01* 0.43(0.12,0.81) 0.89 0.79 1.36 -1.0 75.4
AP sway velocity (mm/s)  15.19 (17.13) 12.43 (11.64) Non-normal .25 .07 0.75(0.46,091) 085 0.84 052 —45 35.6
Velocity moment (mm®/s) 239.58 (578.11) 75.02 (153.67) Non-normal .18 01%* 0.39(0.09,0.81) 097 0.79 2.07 -3.3 1525.9
Neck right torsion ML sway velocity (mm/s)  11.59 (11.24) 7.86 (4.44) Non-normal .09 .64 0.49 (0.16,0.83) 0.88 0.81 0.63 —3.4 26.2
AP sway velocity (mm/s)  13.87 (12.32) 11.98 (9.71) Normal 10 .52 0.88 (0.70,0.96) 094 0.72 029 34 14.4
Velocity moment (mm*/s)  107.52 (205.64) 55.48 (80.12) Non-normal .15 .62 0.57(0.23,0.85) 096 0.87 1.25 —33.1 414.6
Neck left torsion ML sway velocity (mm/s)  8.24 (5.89) 9.23 (9.85) Non-normal .64 55 0.67 (0.35,0.88) 0.77 0.89 0.51 —-21.6 4.1
AP sway velocity (mm/s)  12.26 (8.30) 11.72 (10.49) Normal 52 .19 0.89 (0.73,0.96) 092 0.95 025 —10.7 6.8
Velocity moment (mm?/s)  73.64 (173.35) 100.32 (197.88) Non-normal .62 15 0.63 (0.30,0.87) 0.65 0.90 1.27 —525.0 178.7
Neck right rotation ML sway velocity (mm/s)  7.91 (11.14) 5.77 (5.53) Non-normal .33 .81 0.50(0.17,0.83) 0.69 097 0.89 —-1.2 31.3
AP sway velocity (mm/s)  12.56 (9.80) 12.06 (10.63) Non-normal .32 .06 0.96 (0.89,0.99 097 097 0.16 —69 5.6
Velocity moment (mm?/s)  105.66 (219.64) 58.45 (115.95) Non-normal .19 22 0.68 (0.37,0.89) 0.90 0.96 1.18 —6.7 441.6

(continued)
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Table 4. (Continued)

97.5

WSR, ICC (C195%) PCC SCC CWV 25

t-test,

Distribution

Session 2, Mean (SD)

Session 1, Mean (SD)

Parameter

Test

percentile

percentile

P-value

P-value

083 0.72 070 —13.2 33.6

0.78 (0.52, 0.92)

85

49

9.67 (13.96) Non-normal

11.14 (17.86)

ML sway velocity (mm/s)

Neck left rotation

18.2

7.1

093 0.70 0.34

0.87 (0.68, 0.95)

.28 31

Normal

14.01 (14.59) 12.59 (10.91)

AP sway velocity (mm/s)

2791.0

—14.7

0.78 2.27

0.87

0.43 (0.12,0.81)

32 .03*

Non-normal

338.30 (988.90) 140.44 (305.71)

Velocity moment (mm?%/s)

AP, anteroposterior; CWYV, coefficient of within-subject variation; ICC, intraclass correlation coefficient; ML, mediolateral; PCC, Pearson’s correlation coefficient; SCC, Spearman Correlation Coefficient;

WSRT

Wilcoxon signed rank test.

Variables according to data distribution are in bold. * = Statistically significant difference (<.05).

Sirkilahti et al
Reliability of Postural Stability Tests

normally and non-normally distributed data, respectively.”
The pitfalls of different analysis methods can be one reason
for varying results in previous studies, and therefore, the
study aimed to describe the data comprehensively.

A large part of the data in this study were non-normally
distributed. Therefore, it was unsurprising that the ICC and
SCC results for individual parameters differed greatly. For
example, in the NLT test, the correlation between testers
was moderate using ICC and from moderate to very strong,
depending on the parameter using SCC. Otherwise, the cor-
relation coefficients were similar between statistical tests,
showing at least a strong correlation for individual tests.

Furthermore, the average results were not mainly statis-
tically different, and the 95% percentile intervals were nar-
row between the 2 measurements, suggesting that the
results can be considered clinically meaningful. However,
the results showed a significant level of difference and vari-
ability between the testers in the ML sway velocity parame-
ter of the GLR test, and between the tester’s 2 test sessions
in the ML sway velocity parameter of the GLR test and
velocity moment parameter of the GLR and NLR tests.
This suggests that these results cannot be considered clini-
cally reliable despite the strong correlation of parameters.
In any of the tests, there were no indications of factors that
would weaken the correlation coefficients in the AP sway
velocity parameter.

Although the effect of, e.g., fatigue or learning on the
results cannot be excluded entirely, the most likely reason
for the significant level of differences and variability is
related to the subjects’ sudden and unintentional sways on
the force platform. Especially in short test durations, such
as in this study, the average sway velocities seem to be at
their highest.”” Furthermore, pre-defined neck and gaze
positions and limitations in their movements during the test
can change the subject’s characteristic corrective responses
and cause unintentional uncontrolled movements some-
where else in the body, such as in individuals with vestibu-
lar or lower-leg proprioceptive loss during quiet
standing.”® In any case, performing several repetitions in
clinical work is justified to reduce the importance of these
sudden and unintentional sways on the results.

Cervical Sensorimotor Control

Measurements of balance performance in patients with
NP can be considered non-specific for assessing cervical
sensorimotor control. However, Yu et al.'" introduced the
eyes-closed neck torsion maneuver to assess the effects of the
neck on balance by comparing balance performance between
neutral head-trunk and 45° neck torsion positions. Since pos-
tural control appears to be decreased in the neck torsion posi-
tion compared to the neutral position in individuals with
chronic NP (most with WAD) but not in asymptomatic indi-
viduals or those with unilateral vestibular loss,l L12 the neck

415



Table 5. Detailed Values for the Intra-Tester Reliability of the Differences Between the Neutral and Test Variations.

Session 1, Mean Session 2, Mean t-test, WSR, 2.5 97.5
Test Parameter Difference (SD) Difference (SD) Distribution ~ P-value  P-value  ICC (CI95%) PCC SccC CWV percentile  percentile
Neutral-Gaze ML sway velocity —1.76 (3.28) —0.75 (3.02) Non-normal .29 .67 0.22 (0.01,0.85)  0.27 0.03 -2.17 —-104 2.7
Right Rotation (mm/s)
AP sway velocity —0.77 (4.30) —1.55(5.23) Non-normal .63 1.0 0.33 (0.06,0.80) 0.36 0.28 -329 -59 12.3
(mm/s)
Velocity moment —5.63 (103.53) 14.66 (127.49) Non-normal .14 41 0.89(0.73,0.96) 0.93 0.63 8.79 —143.5 25.7
(mm?/s)
Neutral-Gaze Left ML sway velocity 7.55 (20.72) 0.05 (4.70) Non-normal .16 .03%* 0.26 (0.03,0.82) 0.83 0.69 3.28 —-14 62.7
Rotation (mm/s)
AP sway velocity 3.64 (11.42) —2.57 (3.63) Non-normal .08 .06 0.00 (., .) 0.05 -0.13 13.65 —4.7 40.0
(mm/s)
Velocity moment 172.06 (485.12) 13.08 (83.87) Non-normal .18 15 0.22 (0.01,0.84) 0.92 0.48 3.26 —18.6 1414.0
(mmz/s)
Neutral-Neck ML sway velocity 3.57 (4.87) 0.82 (2.74) Non-normal .15 19 0.00 (., .) -0.40 -0.004 1.81 -2.9 23.0
Right Torsion (mm/s)
AP sway velocity 2.31(7.44) —3.02 (4.35) Non-normal .08 .05 0.00 (., .) -0.42  -0.24 —254 83 324
(mm/s)
Velocity moment 40.00 (100.33) —6.46 (64.63) Non-normal .20 35 0.00 (., .) -0.11 017 4.83 —56.5 427.0
(mm?/s)
Neutral-Neck Left ML sway velocity 0.21 (4.00) 2.19 (4.99) Non-normal .36 .59 0.00 (., .) -0.63  0.04 3.81 —24.8 3.7
Torsion (mm/s)
AP sway velocity 0.70 (4.27) —3.28(6.17) Normal 03* .02 0.27 (0.03,0.82) 0.48 0.40 —-393 —-49 16.4
(mm/s)
Velocity moment 6.11 (149.30) 38.38 (109.13) Non-normal .44 .62 0.38 (0.08,0.80) 0.44 0.56 4.69 —512.6 66.8
(mm?/s)
(continued)
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Table 5. (Continued)

Session 1, Mean Session 2, Mean t-test, WSR, 2.5 97.5

Test Parameter Difference (SD) Difference (SD) Distribution ~ P-value  P-value  ICC (CI95%) PCC SCC CwWV percentile  percentile
Neutral-Neck ML sway velocity —0.11 (5.95) —1.27 (3.52) Non-normal .66 96 0.00(,.) -0.68 -0.43 —7.14  —12.7 28.1
Right Rotation (mm/s)

AP sway velocity 1.01 (4.15) —2.94 (6.05) Normal 17 .19 0.00 (., .) -0.29  -0.07 -597 -63 29.3

(mm/s)

Velocity moment 38.14 (117.73) —3.48 (107.04) Non-normal .27 .65 0.31 (0.05,0.80) 0.38 0.02 4.98 —33.2 454.0

(mm?/s)
Neutral-Neck Left ML sway velocity 3.11(10.92) 2.63 (9.22) Normal 74 74 0.67 (0.35,0.88) 0.70 0.28 1.98 —16.4 20.9
Rotation (mm/s)

AP sway velocity 2.45(9.08) —2.41(5.41) Non-normal .14 19 0.00 (., .) -0.11  0.12 68.90 7.7 32.8

(mm/s)

Velocity moment 270.78 (922.19) 78.50 (229.27) Non-normal .24 32 0.39 (0.09,0.81) 0.95 0.60 2.96 —24.2 2679.1

(mm?/s)

AP, anteroposterior; CWV, coefficient of within-subject variation; ICC, intraclass correlation coefficient; ML, mediolateral; PCC, Pearson’s correlation coefficient; SCC, Spearman Correlation Coefficient;

WSRT, Wilcoxon signed rank test.
Variables according to data distribution are in bold. * = Statistically significant difference (<.05).

1 Joquuny ‘g SWN[OA

sonnaderay, [ed1SojoisAyd pue aanendiuepA jo [ewnof

SIS0 L AIIQRIS TS0 JO AIIqRIoy

[e 32 hye[djes

L1y



418

Sirkilahti et al
Reliability of Postural Stability Tests

torsion maneuver has been suggested to identify cervical
afferent causes of disturbed postural stability.

However, the existing literature seems to lack evidence sup-
porting a specific position as optimal for assessing cervical sen-
sorimotor control. For example, unlike the 45° torsion position,
the 45° cervical rotation position has been reported to increase
postural control in individuals with WAD, unilateral vestibular
loss, and asymptomatic individuals,' "> while the maximal
rotation position has been reported to decrease postural control
in asymptomatic individuals.”” Furthermore, asymmetric rota-
tional mobility of the upper cervical spine has been shown to
decrease postural control compared to symmetrical rotational
mobility in individuals with NP.”® These findings suggest that
neck position related to the subject’s cervical mobility or symp-
toms (e.g., pain or stiffness) may affect balance performance.
The literature on oculomotor control also supports this hypothe-
sis, demonstrating medium-level agreement in eye movements
during the Smooth Pursuit Neck Torsion test at 2 neck torsion
angles (30° and 45°) in individuals with NP, but a higher level
of agreement in asymptomatic individuals.””

The literature also does not seem to support conducting
the postural balance tests only with eyes closed. According
to a systematic review and meta-analysis, the mean differ-
ence in postural control between individuals with WAD and
asymptomatic individuals does not appear to vary when
comparing eyes-open and eyes-closed conditions.” Con-
versely, closing the eyes may highlight the role of other sen-
sorimotor subsystems, such as the vestibular system or
central mechanisms, in balance control. For example, indi-
viduals with WAD have been found to have decreased pos-
tural control in a neutral head-trunk position with their eyes
open, compared to those with acoustic neuroma; however,
closing their eyes and adopting a narrow stance reverses this
outcome.'® Furthermore, closing the eyes seems to cause
more significant impairments in postural control for individ-
uals with WAD and mild brain injury compared to those
with WAD alone, although this difference was not observed
in the eyes-open condition.”” Considering that changing
body position has been shown to alter the spatial weight of
visual stimuli'*'* and that closing the eyes increases activity
in the visual system of the brain compared to the eyes-open
condition,'®'” the differences in postural control between
individuals with and without WAD may be related to the
combined effects of different sensorimotor subsystems. On
the other hand, these potential combined effects may differ
between NP groups, as the difference in postural control
between individuals with chronic non-specific NP and
asymptomatic individuals has been reported in the eyes-
closed condition, but not in the eyes-open condition.'”

While the literature supports the use of eyes-open bal-
ance tests for individuals with WAD, only a limited number
of studies have assessed the eyes-open neck torsion

Journal of Manipulative and Physiological Therapeutics
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maneuver across different study groups. The study by de
Zoete et al.°' found no significant difference in the sway
area parameter between individuals with non-specific NP
and asymptomatic individuals in neutral head-trunk and
neck-torsion positions with eyes open (or closed). In con-
trast, Majcen Rosker et al.°” demonstrated a difference in
the mean frequency parameter in the neck-torsion position,
but not in the neutral head-trunk position, among individu-
als with non-specific NP, WAD, and mild traumatic brain
injury compared to asymptomatic individuals. However,
neither study assessed the difference between the neutral
head-trunk and neck-torsion positions.

Limitations

Although the individual tests were shown to be reliable
in this study, the reliability of assessing the difference
between the neutral test and each variant generally fell
below an acceptable level. These findings suggest that bal-
ance tests with different variants should mainly be used as
individual tests to assess postural control. However, the
results should be interpreted with caution, as the neck tor-
sion and rotation maneuvers used in previous studies on
postural control in individuals with NP were modified.
Despite this, the test protocol could help avoid potential
subject selection bias related to cervical rotational mobility,
especially since individuals with WAD may not meet the
45°°! inclusion criterion commonly used in previous stud-
ies, a trend also observed in the present study. Given that
cervical mobility in each direction ranged between subjects
from 20° to 69.4°, some subjects performed the tests at or
near their maximum cervical position, while others were
far from it, potentially affecting the results. Therefore, in
the future, it could be appropriate to select the test position
of the neck according to the subject’s cervical mobility
rather than setting it to a specific predetermined rotation or
torsion angle.

CONCLUSION

Many balance threats occur in daily activities and con-
trolling them requires the cooperation of different sensori-
motor systems. This study showed acceptable inter- and
intra-tester reliability in postural balance tests with various
neck and gaze positions in patients with WAD. However,
the reliability of the difference between the neutral test and
each test variant remained low. These findings suggest that
while individual postural balance tests yield clinically reli-
able results, caution is warranted when assessing the differ-
ence between balance test variations. It is not yet known
whether these tests can distinguish between different study
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groups and whether they are reliable in assessing different
sensory systems.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article can
be found, in the online version, at doi:10.1016/.
jmpt.2025.10.046.
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Practical Applications

e We examined the reliability of postural bal-
ance tests in patients with whiplash-associated
disorder (WAD) using a static force platform.

e We found acceptable intra- and intra-tester
reliability of the postural balance tests with
different test variants.

e These balance tests were considered reliable
tools for assessing postural control in patients
with WAD.
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