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Abstract. [Purpose] The aim of the present study was to measure the interrater and intrarater reliabilities
of spinal motions using a skin-surface device (SpinalMouse; Idiag, Voletswil, Switzerland). [Methods]
Spinal motion was measured in upright standing, trunk flexion, and trunk extension in 38 healthy adults.
Intraclass correlation coefficients (ICCs) and Pearson’s correlation coefficient were used to examine
between-day and interrater reliabilities for spinal motion. [Results] For intrarater reliability of Raters 1 and
2, Pearson’s correlation coefficient was 0.76-0.98, and ICC was 0.73—-0.98, indicating high reliability in all
cases except for extension of the sacral/hip. For interrater reliability on days 1 and 2, Pearson’s correlation
coefficient was 0.75-0.97 and ICC was 0.77-0.97 for all cases except for extension of the sacral/hip.
[Conclusion] The reliability of SpinalMouse was demonstrated to be fair or higher but the measurement for
extension of the sacral/hip needs further investigation.
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INTRODUCTION

Many methods exist for assessing spinal function.
One of these methods is to measure the range of
motion!). Clinicians have routinely conducted
visual analysis and radiographic assessments of
spinal posture and back shape?. Furthermore,
many studies have been conducted on the range of
motion of the spine*™), but it is not easy to measure
the range of motion of the spine and make a
judgment about back shape because spinal motions
are complex®7.

Due to increasing concern about radiation
exposure?), we need more objective and less
invasive assessment methods than repetitive
radiological measurements to monitor treatment
effectiveness®!?. Accordingly, devices to measure
the treatment effectiveness of various spinal

disorders through the skin surface are being
developed'D, as well as non-invasive techniques to
measure spinal mobility, such as goniometer and
inclinometer measurements to avoid the problem of
repetitive radiation exposure!>"'¥. A variety of
devices have been developed and used for spinal
motion assessment, ranging from measurements
using a simple tape to computer application
devices'> 1517, The advantages of these techniques
are noninvasiveness, ease of use, and short
assessment times'®). However, although most
devices have been rated for reliability'3-!?), this
reliability largely depends on the accuracy and the
skin condition at the point where the device sensor
is attached, and measurements may not be
accurately performed'"). Moreover, kyphometers,
goniometers, inclinometers and the like, cannot
measure the entire spine, only a part of it such as the
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thoracic or lumbar spine!!.

A spinal motion analyzer (SpinalMouse; Idiag,
Voletswil, Switzerland), It has been developed to
solve these shortcomings, records the changes in
length and inclination of the spine with a wheeled
accelerometer, which moves along the spine!!. Itis
a noninvasive device that can measure the mobility
of the thoracic and lumbar spines at each segment in
standing, flexion, extension, and lateral flexion®?,
This study was conducted to determine whether the
SpinalMouse is an appropriate device for measuring
spinal mobility from the thoracic to lumbar spines
in clinical practice by analyzing the intrarater
reliability and interrater reliability in the sagittal
plane.

SUBJECTS AND METHODS

Subjects

This study selected 38 subjects from among 50
healthy adults aged 40 or younger, excluding 5 who
had back pain, 1 who had experienced a fracture,
and 6 who did not participate in either of the two
measurements of each rater.

Methods

The SpinalMouse (Idiag, Voletswil, Switzerland)
is a device connected to a computer through an
analog-digital converter which measures the spinal
shape along the paraspinal muscles in the standing
position, flexion position, and extension position.
This device was moved along the paraspinal
muscles from C7 to S3 of the subjects to measure
the angle of each segment along the outward form
of the skin in the sagittal plane?”. To test intrarater
reliability and interrater reliability, measurements
were performed on two consecutive days. For
measurements in the standing position, the subjects
were asked to stand upright with both feet open to
shoulder width. For measurements in the flexion
position, subjects were asked to slowly flex the
trunk as much as possible, extend their knees with
the neck slightly flexed while pointing their fingers
toward their feet. For measurements in the
extension position, the subjects were asked to
slowly extended the trunk as much as possible,
extend their knees with the neck slightly flexed
without outside help. In each position, the
SpinalMouse was positioned at C7 at the start and
moved to S3 along the paraspinal muscles for
measurement of the range of motion of each

Table 1. General characteristics of
subjects (n=38)
Mean + SD

Age (year) 30.29£5.44
Height (cm) 170.47 £ 6.16
Weight (kg) 61.45+11.08
BMI Index 22.77+2.92

Male (n) 21
Female (n) 17

segment. SPSS 12.0 was used for statistical

analysis. For the test-retest reliability, ICC (intra-
class correlation coefficient) and Pearson’s
correlation coefficient were determined. For
differences at each measurement point, the paired-t
test was performed.

RESULTS

1. General characteristics of subjects

The subjects’ mean age was 30.29, mean height
170.47 cm, mean weight 61.45 kg, and mean BMI
index 22.77 (Table 1).

2. Intrarater reliability

For the intrarater reliability of Rater 1, Pearson’s
correlation coefficient was 0.76—0.88 for the
thoracic spine, 0.73—0.90 for the lumbar spine,
0.67-0.91 for the sacral/hip, and 0.94-0.98 for the
whole length. The ICC was 0.75-0.88 for the
thoracic spine, 0.73—-0.88 for the lumbar spine,
0.66—0.84 for the sacral/hip, and 0.94-0.96 for the
whole length. The difference in mean values
between the measurement times was significant
only for the sacral/hip in the standing position, and
other differences were insignificant (Table 2).

For the intrarater reliability of Rater 2, Pearson’s
correlation coefficient was 0.77-0.92 for the
thoracic spine, 0.84—0.92 for the lumbar spine,
0.60—0.84 for the sacral/hip, and 0.94-0.97 for the
whole length. The ICC was 0.77-0.92 for the
thoracic spine, 0.83-0.92 for the lumbar spine,
0.59-0.84 for the sacral/hip, and 0.94-0.97 for the
whole length. The differences in mean values
between the measurement times were insignificant
(Table 3).

3. Interrater reliability
For the interrater reliability on day 1, Pearson’s
correlation coefficient was 0.79-0.90 for the



Table 2.

Intrarater reliability of Rater 1

Rater 1
Day 1 Day 2 Pearson’sr ICC (95% CI)
T-Spine
Standing 35.29+9.49 34.68 + 8.85 0.77%* 0.77 (0.60 — 0.87)
Flexion 59.68 +£9.93 60.66 = 8.42 0.76%* 0.75(0.57 - 0.86)
Extension  39.53 £16.86 39.68 + 16.22 0.88** 0.88 (0.79-0.93)
L-Spine
Standing -9.76 £ 13.20 —11.03£11.09 0.87%* 0.86 (0.75 -0.92)
Flexion 4247 +12.92 40.61 +£11.66 0.73%* 0.73 (0.53 - 0.85)
Extension —27.86+ 17.81 -27.92 + 14.99 0.90%* 0.88 (0.79 - 0.94)
Sacral/hip
Standing 2.24+10.21 3.82£9.02* 0.91** 0.91 (0.83 -0.95)
Flexion 38.63 +16.90 37.95+17.65 0.75%%* 0.75 (0.56 — 0.82)
Extension = —4.82 +8.99 -4.84+733 0.67** 0.66 (0.43 — 0.80)
Whole Length
Standing ~ 524.00 + 72.06 524.53 +£70.50 0.98** 0.98 (0.96 - 0.99)
Flexion 620.21 +£92.35 617.95 + 82.65 0.94** 0.94 (0.88 —0.96)
Extension 511.71 £76.88 508.76 + 69.32 0.97** 0.96 (0.93 - 0.98)
Values are degrees. * p<0.05. ** p<0.01.
Table 3. Intrarater reliability of Rater 2
Rater 2
Day 1 Day 2 Pearson’sr ICC(95% CI)
T-Spine
Standing 34.13+11.03 34.81 +10.05 0.77** 0.77 (0.60 — 0.87)
Flexion 60.68 + 8.59 60.57 +8.97 0.77%* 0.77 (0.61 — 0.87)
Extension  40.18 = 18.04 40.13+17.20 0.92%* 0.92 (0.85-10.95)
L-Spine
Standing  —12.13+£9.88 -13.21 £11.17 0.84%** 0.83 (0.71 -0.91)
Flexion 4047 £11.20 39.45+11.22 0.85%* 0.85(0.73-0.92)
Extension —27.36 + 14.51 —28.58 £ 14.25 0.92%* 0.92 (0.85-10.95)
Sacral/hip
Standing 426 +8.79 5.45+9.04 0.84%** 0.84 (0.71 - 0.91)
Flexion 40.50 +16.43 38.37+16.36 0.88%* 0.88 (0.79 - 0.94)
Extension  —8.08 + 6.63 -6.05+7.76 0.60%* 0.59 (0.34 - 0.76)
Whole Length
Standing ~ 524.82 +70.42 521.55+70.76 0.97** 0.97 (0.94 - 0.98)
Flexion 617.05 £ 76.56 613.89 +78.36 0.95%* 0.95 (0.92 -0.97)
Extension 507.47 + 66.50 503.63 +67.24 0.94** 0.94 (0.90-0.97)

Values are degrees. ** p<0.01.

thoracic spine, 0.81-0.84 for the lumbar spine,
0.58-0.83 for the sacral/hip, and 0.96-0.97 for the
whole length. The ICC was 0.78-0.90 for the
thoracic spine, 0.80-0.81 for the lumbar spine,
0.55-0.82 for the sacral/hip, and 0.94—0.97 for the
whole length. The differences in mean values
between raters were significant for the lumbar spine
in the standing position and for the sacral/hip in the

standing and extension positions; other differences
were insignificant (Table 4).

For the interrater reliability on day 2, Pearson’s
correlation coefficient was 0.84-0.93 for the
thoracic spine, 0.77-0.93 for the lumbar spine,
0.88-0.90 for the sacral/hip, and 0.95-0.97 for the
whole length. The ICC was 0.83-0.92 for the
thoracic spine, 0.77-0.92 for the lumbar spine,



Table 4. Interrater reliability of Day 1
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Day 1
Rater 1 Rater 2 Pearson’s ICC(95% CI)
T-Spine
Standing 35.29+9.49 34.13 +£11.03 0.79%* 0.78 (0.62 — 0.88)
Flexion 59.68 +9.93 60.68 + 8.59 0.79%* 0.78 (0.62 — 0.88)
Extension 39.52 +16.86 39.53 £16.86 0.90** 0.90 (0.82-0.94)
L-Spine
Standing -9.76 £ 1320  -12.13+£9.89* 0.84** 0.81 (0.66 —0.89)
Flexion 42.47+£12.92 4047 +£11.20 0.81%* 0.80 (0.65 - 0.89)
Extension -27.87+17.81 —27.37 £ 14.51 0.83%* 0.81 (0.67 - 0.90)
Sacral/hip
Standing 2.24+10.21 4.26 £ 8.79* 0.83** 0.82 (0.68 —0.90)
Flexion 38.63 £16.90 40.50 + 16.43 0.75%%* 0.75 (0.57 - 0.86)
Extension —4.82 £8.99 —8.08 £ 6.63* 0.58** 0.55(0.29-0.74)
Whole Length
Standing 524.00 + 72.06 524.82 +70.42 0.97** 0.97 (0.95 - 0.98)
Flexion 620.21 +£92.35 617.50 +76.56 0.96%* 0.94 (0.90 - 0.97)
Extension 511.71 +76.88 507.47 + 66.50 0.96%* 0.95(0.91-0.97)
Values are degrees. * p<0.05. ** p<0.01.
Table 5. Interrater reliability of Day 2
Day 2
Rater 1 Rater 2 Pearson’s r ICC (95% CI)
T-Spine
Standing 34.68 + 8.85 34.82 +10.05 0.85%* 0.84 (0.72-0.91)
Flexion 60.66 + 8.42 60.58 = 8.97 0.84** 0.83(0.71-0.91)
Extension 39.68 +16.22 40.13+£17.20 0.93%* 0.92 (0.86 —0.96)
L-Spine
Standing —11.03 £11.09 —13.21+11.17* 0.85%* 0.85(0.74 - 0.92)
Flexion 40.61 £ 11.66 39.45+11.22 0.77** 0.77 (0.60 — 0.87)
Extension —27.92 +14.99 —28.57+14.25 0.93** 0.92 (0.86 —0.96)
Sacral/hip
Standing 3.82+9.02 5.45 £9.04* 0.88** 0.88 (0.79 — 0.94)
Flexion 37.95+17.65 38.37 £ 16.36 0.90%* 0.90 (0.81 —0.94)
Extension -4.84 +7.33 —6.05 £ 7.76* 0.90%** 0.89 (0.81 -0.94)
Whole Length
Standing 524.53 +70.50 521.55+70.76 0.97** 0.97 (0.94 - 0.98)
Flexion 617.95 + 82.65 613.90 + 78.36 0.95%* 0.95(0.91-0.97)
Extension 508.76 + 69.32 503.63 £ 67.24 0.96%* 0.96 (0.93 - 0.98)
Values are expressed degrees. * p<0.05. ** p<0.01.
0.88-0.90 for the sacral/hip, and 0.95-0.97 for the DISCUSSION

whole length. The differences in mean values
between raters were significant for the lumbar spine
in the standing position and for the sacral/hip in the
standing and extension positions; other differences
were insignificant (Table 5).

This study was conducted to determine the
intrarater reliability and interrater reliability of the
SpinalMouse, which assesses spinal mobility in a
noninvasive manner. For intrarater reliability of
Raters 1 and 2, Pearson’s correlation coefficient
was 0.76 or higher, and ICC was 0.73 or higher,



indicating high reliability in all cases except for
extension of the sacral/hip (Rater 1: ICC=0.66, r=
0.67, Rater 2: ICC= 0.59, r=0.60). For interrater
reliability on days 1 and 2, Pearson’s correlation
coefficient was 0.75 or higher and ICC was 0.77 or
higher for all cases except for extension of the
sacral/hip (Day 1: ICC=0.55, r=0.58, Day 2:
ICC=0.89, r=0.90). In previous studies, Currier
(1990)Y stated that 0.90-0.99 = high reliability,
0.80-0.89 = good reliability, 0.70-0.79 = fair
reliability, and <0.69 = bad reliability. Chinn
(1991)%? reported that a device was useful if the
ICC was > 0.6. Based on these studies, we can say
that the SpinalMouse is reliable and useful for
clinical applications.

In previous studies of devices for measuring the
range of spinal motion, Keeley et al.(1986)>%
reported r=0.92 (p<0.001) for inter-rater correlation
using an inclinometer, which is higher than the
correlation found in this study. In a study using a
single-sensor inclinometer, Chen et al.(1997)'%
reported ICC=0.39 for extension and ICC=0.69 for
bending in terms of interrater reliability, which are
lower than the interrater reliabilities found in this
study. Furthermore, Dopf et al.(1994)** reported
ICC=0.84 for extension and ICC=0.76 for bending
in terms of interrater reliability using a spine motion
analyzer, which are lower than the interrater
reliabilities found in this study. These previous
studies show that the reliability of various
measurement devices used for the same purpose can
vary depending on the characteristics of the device
and the measurement methods. Therefore, before
using any measurement device in the clinical
setting, we need to measure reliability in various
methods, positions, and situations, and then choose
an appropriate device for the purpose.

Mannion et al.(2004)'" using a SpinalMouse
measured 20 healthy people and reported that the
ICC of the first (day 1) and second (day 2)
measurements by Rater 1 ranged from 0.67 to 0.92
(mean: 0.82). The ICC of Rater 2 ranged from 0.57
to 0.95 (mean: 0.83). Further, the ICCs of Rater 1
and Rater 2 ranged from 0.62 to 0.92 (mean: 0.81)
for the first measurements (day 1) and from 0.70 to
0.94 (mean: 0.86) for the second measurement (day
2). These results are similar to those of the current
study. Furthermore, in a study using the
SpinalMouse, Post et al.(2004)2% reported
ICC=0.95, r=0.90 (p<0.001) for bending,
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ICC=0.92, r=0.85(p<0.001) for extension, and
ICC=0.76, r=0.61(p<0.001) for the whole length,
which are higher than the findings in this study.
However, since they did not differentiate between
thoracic and lumbar parts of the spine, therefore a
direct comparison with this study cannot be made.

The reason for the lower reliability in the case of
sacral/hip extension can be found in previous
studies, which show that to maintain an upright
standing position by extending the trunk requires a
balance ability, and it is difficult to maintain such
balance??). Further, trunk extension in an upright
standing position is inconvenient and it is difficult
to maintain balance'®23. In other words, the
subjects’ understanding of, and ability to repeat the
measurement positions, is an important factor that
must be sufficiently explained to the subjects before
measurement.

Post et al.(2004)>” claimed that we need minute
palpation of the start and end points of a
measurement to achieve an accurate measurement,
and that the movement path may change when the
measurement device is moved along the spine. In
addition, Mayer et al.(1995)%% stated that the
diversity of the starting points of measurement
among measurers is also a major influencing factor
when externally measuring the range of motion of
the spine. These studies indicate that raters need
sufficient knowledge of the measurement methods
and anatomy as well as knowledge about the
individual subjects.

Based on the finding that the repeatability of the
same position during two consecutive
measurements is a major factor that influences the
measurement of spinal mobility?” and the finding
that subjects cannot accurately repeat the same
position each time??), the raters must have an
understanding of the measurement device and basic
knowledge of the human body to achieve accurate
measurement in consideration of the body
characteristics of the subjects. Reliability will
improve if subjects can repeat the same position
each time. However, if some positions are difficult
for the subjects to adopt accurately, reliability can
decrease.

This study found that the SpinalMouse is a highly
reliable measurement device for spinal mobility and
is useful in clinical settings. Further studies will be
necessary to measure the reliability of the device for
other diseases.
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