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Abstract Introduction: In this paper the SpinalMouse,
a new computerised external device for measuring sagittal
spinal range of motion (ROM), was tested for inter-rater
reliability and use in clinical practice. Materials and
methods: To assess inter-rater reliability, two investigators
each measured 111 subjects. Results: Correlation coeffi-
cients were found to be r=0.90 for flexion, r=0.85 for ex-
tension and 7=0.90 for total inclination. Intra-class coeffi-
cients were 0.95 for flexion, 0.92 for extension and 0.95
for total inclination. A poor agreement (kappa=0.22) was
found for the presence of outliers from normal values for
intersegmental ROM. Conclusion: We conclude the de-
vice is a useful, reliable tool for measuring sagittal spinal
ROM in clinical practice, considering the small load it
confers on patients and the short amount of time the mea-
surement involves. The SpinalMouse might be more ac-
curate after following the recommendations we make.
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Introduction

During the past 30 years, numerous studies have been pub-
lished about spinal range of motion (ROM), and many
methods of measurement have been described. One of the
most frequently used methods involves radiological
analysis which can be performed in multiple ways (CT,
plain and biplanar radiography) [4, 6, 8, 10, 11, 12, 19, 22,
24]. A limitation of this method is the relatively high dose
of radiation it requires, which precludes the use of the ra-
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diograph as a routine measurement in clinical practice. There-
fore, many non-invasive, external methods have been de-
veloped: goniometers, skin markers, inclinometers, spondy-
lometers, measurement of back surface curvature and opto-
electronic systems, some of them computer aided, each
with its specific characteristics [2, 9, 14, 16, 17, 21, 22].
External methods for measuring spinal ROM are now
commonly used because they are easy to apply, non-inva-
sive and take little clinical time [21].

We used the SpinalMouse to measure sagittal spinal
ROM. It is a non-invasive electronic computer-aided device,
which is manually guided paravertebrally along the spinal
column. It measures spinal ROM as well as intersegmental
ROM. A relatively unique feature of the device is that it mea-
sures thoracic, lumbar and sacral/hip mobility separately.
Data about the SpinalMouse have not yet been published.

This study was designed to test the SpinalMouse’s in-
ter-rater reliability as well as to judge the device on its
merits in clinical practice.

Materials and methods

Measurement of spinal ROM was done with the SpinalMouse
(Idiag, Volkerswill, Switzerland), an electronic computer-aided
measuring device, which measures sagittal spinal ROM and inter-
segmental angles in a non-invasive way, a so-called surface-based
technique (Fig. 1). The device is connected radiographically via an
analog-digital converter to a standard PC. After supplying basic
data of the patient, including height, weight, sex and age, the
SpinalMouse is run paravertebrally along the spinal column from
C7 to the rima ani (S3). The patient is asked to take three consec-
utive positions: erect, in maximal flexion and maximal extension
of the spine. In each position a measurement is performed.

When manually guided paravertebrally along the spine of a
subject, the system records the outline of the skin over the spinal
column in the sagittal plane. The local angle or inclination relative
to a perpendicular line is given at any position by an internal pen-
dulum connected to a potentiometer. An ‘intelligent recursive al-
gorithm’ computes information concerning the relative position of
the vertebral bodies of the underlying bony spinal column. Raw
data of the SpinalMouse measurements are the superficial back
length from C7 to S3 and the local angle of each point of this
length relative to the plumb line. In this manner, spinal ROM and
17 segments (Th1/2-L5/S1) are evaluated.
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Fig.1 The SpinalMouse is run paravertebrally from C7 to S3

All measurements are summarised in a table, which consists of
six columns: the first three columns contain the values for posture
in the sequence upright, flexion and extension (kyphotic angles are
expressed as positive values, lordotic angles as negative values).
The last three columns refer to the calculated mobility in the se-

quence flexion minus upright, upright minus extension, and flex-
ion minus extension (the latter being equal to ROM). At the foot
the contribution of the thoracic spine, lumbar spine and sacral
spine/hip to total mobility is expressed, as well as length of the
back (in mm) and inclination (inclination as flexion minus exten-
sion is similar to total inclination) (Table 1). Figure 2 shows the su-
perficial back shape; in the right corner the inclination is drawn,
which represents full mobility of the trunk, composed of thoracic,
lumbar and sacral/hip mobility.

The developer of the SpinalMouse claims to have measured
180 healthy volunteers without a history of back complaints (using
a preliminary version of the device) and so created a database of
age- and gender-specific normal values for intersegmental ROM.
The SpinalMouse software (version 2.3) supplies a graph in which
the calculated intersegmental ROM is compared with these normal
values (Fig. 3).

Study group

The study group consisted of 111 subjects aged between 21 and
60 years old (mean age 39.2years, mean height 1.78 m, mean
weight 79.3 kg, mean BMI 24.7 kg/m?; 75 men, 36 women). Forty-
two were healthy volunteers, 69 subjects had sustained a spinal
fracture (35 treated conservatively and 34 treated surgically). The
spinal fracture patients were included because we used their ROM
in another study [23]. All spinal fracture patients sustained their
fracture at least 1.5 years previously, none of them had any neuro-
logical deficit.

Measurement

To assess inter-rater reliability, two investigators (RBP and VIML)
measured the patients in succession. Observer one completed a full
measurement (patient upright, in flexion and extension) after
which observer two performed a full measurement. Subjects were
asked to try to touch their toes with their fingers with their knees
straight, with the neck slightly flexed and their feet approximately

Table1 Data as stored and

supplied by the software of the Segment Static test data Range of motion data
?ezltn;;?gzlrlese;&%g esgr)rieits:ﬁllrg d Upright Flexion Extension Flex-upr Upr-ext Flex-ext
in three positions, ROM data Th1/2 9 0 4 _8 5 3
are calculated from the static Tho/3 6 4 3 N 3 0
test data (Sac/Hip sacral/hip, / —
Thor.Sp thoracal, Lum.Sp lum-  Th3/4 4 5 9 0 —4 —4
bar, Inclin inclination, Lth Th4/5 3 3 5 0 -2 -2
length of the back in mm; Th5/6 4 1 3 -3 1 )
kyphotic values are positive, Thé/7 5 4 6 _1 ) i)
lordotic values are negative) Th7/8 4 6 4 ) 0 )
Th8/9 5 8 3 3 2 5
Th9/10 3 13 4 11 -1 9
Th10/11 -1 8 4 9 —4 5
Th11/12 -3 5 -3 7 1 8
Th12/L1 -1 6 -3 7 1 9
L1/2 -1 7 -1 8 0 8
L2/3 -2 10 -4 12 2 13
L3/4 —4 10 -7 15 3 17
L4/5 —4 4 =7 8 3 11
L5/S1 -7 1 -7 8 -1 7
Sac/Hip 10 57 -8 47 18 65
Thor.Sp 39 58 41 19 -3 16
Lum.Sp 21 37 -29 58 8 66
Inclin 0 103 =23 103 23 126
Lth 569 704 557 135 12 147




Fig.2 Sagittal shape of the
back and inclination in flexed,
upright and extended positions
(same patient as Table 1)

Fig.3 Graphic demonstration updghe - Rexlon
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30cm apart. For extension, subjects were asked to extend their
back as far as possible, without external help. The SpinalMouse
was placed at C7 (found by palpation after instructing the patient
to bend the head slightly to the chest) and manually guided to the
rima ani in a paravertebral manner. No ‘warming up’ was per-
formed before the measurement. The following was tested for inter-
rater reliability: inclination in flexion; inclination in extension;
total inclination; measured length of the back as flexion minus ex-
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tension. Also, the presence of outliers from normal values for in-
tersegmental ROM was tested for inter-rater reliability.
Statistical analysis

Statistical analysis was done with SPSS version 10 (SPSS Chicago,
IL, USA). Length of the back and inclination were tested by means
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of the intra-class correlation coefficient (ICC) and Pearson’s corre-
lation coefficient r [20, 25]; mean values measured by the two in-
vestigators were compared by means of the paired z-test. No uni-
versally acceptable levels have been adopted for expressing the re-
liability of measurements when ICC values are calculated [13].
However, one proposed scheme for defining the amount of relia-
bility with ICCs has the following values: 0.99-0.90 high reliabil-
ity; 0.89-0.80 good reliability; 0.79-0.70 fair reliability and 0.69
and below poor reliability [18]. The presence of outliers from nor-
mal values for intersegmental ROM was tested by means of Co-
hen’s kappa. Cohen’s kappa measures the agreement between the
evaluations of two raters when both are rating the same object.
A value of 1 indicates perfect agreement, a value of 0 indicates that
agreement is no better than chance. A p-value of 0.05 was consid-
ered significant.

Results

Correlation coefficients and ICC are shown in Table 2, as
well as mean values measured by the two observers.

For inclination (total inclination, flexion and exten-
sion) ICCs were 0.92 and 0.95; all Pearson’s correlation
coefficients were significant (p<0.001). The relationship
between total inclination as measured by observer one and
observer two is shown in Fig. 4. Observer one measured a
higher mean total inclination than observer two (p<0.05),
and mean extension as measured by observer one was
higher than that measured by observer two (p<0.05).
There was no significant difference between mean flexion
as measured by both observers (p=0.830).

Reliability for measurement of the length of the back as
flexion—extension was as follows: r=0.61 (p<0.001), ICC=
0.76. Mean values measured by observer one were higher
than those measured by observer two (p<0.05). Figure5
shows the relationship between measured length of the back
(flexion—extension) between observer one and observer two.

Cohen’s kappa for the presence of outliers from normal
values for intersegmental ROM was 0.22.

Discussion

This study was designed to test a new device for measur-
ing sagittal spinal ROM. We chose to do this by means of
inter-rater reliability. We did not assess intra-rater reliabil-
ity, because that would mean patients would have to bow
and extend two more times, and should be done on separate
days, which was not possible for time and logistic reasons.

Inclination in flexion, inclination in extension and total
inclination were found to be highly reliable; however, some
differences were found between the mean results. When
taking into account that both measurements were done
successively (so the first measurement might influence
the second), and the fact that patients might not take ex-
actly the same position during two consecutive measure-
ments, some differences in results were to expected. As
mentioned by Portek et al., subject repeatability is a major
contributing factor in the measurement of spinal mobility

Table 2 Intra-class correlation

coefficient (ICC) and Pearson’s 1CC Pearslon’)s r Meanl ob)s.one vs obs.two

correlation coefficient r for (p-value (p-value

total inclination, inclinationin o) inclination 0.95 0.90 (p<0.001) 118.5 vs 116.4 deg (p<0.05)

flexion, inclination in exten- Flexi 0.95 0.90 0.001 93 92.44d ~0.830

sion and length of the back exion : 90 (p<0.001) 3 vs 92.4 deg (p=0.830)
Extension 0.92 0.85 (p<0.001) —26.3 vs —23.9 deg (p<0.05)
Length of the back: flex — ext 0.76 0.61 (p<0.001) 119.4 vs 112.6 mm. (p<0.05)
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Fig.5 Length of the back as 250
flexion—extension: observer
one plotted against observer
two
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[22]. A significant difference for extension and total incli-
nation was found. Considering extension, a large part of our
study group encountered problems (e.g. maintaining bal-
ance) when standing in extension. As reported in the liter-
ature, extension in standing is uncomfortable, and the sub-
ject may find it difficult to maintain balance [3, 21]. This
might explain the mean difference for extension (2.4 deg)
found between the two investigators. Besides this subject
repeatability, the difference might also result from the de-
vice itself, or a cumulative effect of these two entities. For
total inclination, a similar difference was found (2.1 deg).
However, it can be questioned whether such a small dif-
ference is a clinically important finding.

Inter-rater reliability for the difference of the back’s
length from flexion to extension was found to be fair.
There was a small but significant difference between the
two investigators (6.8 mm). As pointed out by Mayer et
al. in a previous study, variability among examiners in lo-
cating bony landmarks is a major contributing factor in
the external measurement of spinal ROM [15]. When per-
forming one complete measurement, C7 needs to be pal-
pated three times and has to be stopped at S3 three times,
which makes a total of six possible errors per measure-
ment. Accumulation of these possible errors might be an
explanation for the difference found in measured length.
Considering this, a possibility might be to mark C7 and
S3 with a skin marker after palpating both precisely. By
doing so, the length of the back might be measured more
accurately. However, during flexion these skin markers
will shift in relation to the underlying vertebra. Another
possible explanation for the difference found is a slightly
different pathway taken along the spinal curvature.

A poor agreement was found for the presence of outliers
from normal values for intersegmental ROM (kappa 0.22).
We cannot, however, ascertain whether the developer’s
graph with normal intersegmental ROM data was obtained

in a reliable way, since no accompanying publication is
available. For now, we conclude that the SpinalMouse is
not very reliable in measuring intersegmental ROM.
Comparison of our results with the literature is difficult
because no studies have been published concerning the
SpinalMouse so far. In a study by Keeley et al., using a
two-inclinometer technique that is to some extent compara-
ble, inter-rater correlation was found to be good: r=0.92
(p<0.001) [7]. However, in that study only lumbar and hip
mobility were measured, whereas thoracic mobility was
not. Chen found a computerised single-sensor inclinometer
to have a poor inter-rater reliability (ICC 0.39 for extension
and ICC 0.69 for flexion) [1]. In another study the inter-
rater reliability for the CA-6000 spine motion analyzer (a
computerized potentiometer) was as follows: flexion
r=0.76; extension r=0.84; flexion+extension r=0.84; com-
pared with these data our results seem favourable. How-
ever, only lumbar ROM was measured in that study [5].
The data we report for sagittal spinal ROM cannot be
seen as normal values. First, we measured patients with a
spinal fracture in the past as well as healthy volunteers. In
addition, we used inclination for comparison, which, as
pointed out before, consists of thoracic, lumbar as well as
sacral/hip mobility. For assessment of inter-rater reliability,
this is not important, but it should be taken into account
when comparing data with earlier studies, which mostly re-
port on lumbar mobility. Mellin reports on thoracolumbar
ROM in his study concerning the Myrin inclinometer, but
he did not measure hip mobility, and his population con-
sisted of 25 healthy volunteers, so comparison of our data
to his data is not reliable [17]. To validate the ability of the
device to measure sagittal spinal ROM and intersegmental
ROM, a comparison between the SpinalMouse’s data and
radiographs could have been made. It is questionable, how-
ever, whether radiographs should be chosen as the ‘gold
standard’. The use of radiographs is probably unjustifiable
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in terms of patient risk and cost (especially when, as in this
study, the whole spinal column needs to be assessed). Be-
cause of this, and the fact that 2/3 of our study group con-
sisted of patients with a spinal fracture in the past, we have
not been able to validate the SpinalMouse.

Clinical use

When using the SpinalMouse, we encountered a number
of pitfalls. When measuring subjects much taller than the
investigator, it is difficult to place the SpinalMouse ex-
actly on C7 and to see the LED on the mouse, which indi-
cates that the device is ready for use. To overcome these
problems, it might be useful to have a little stool for the
investigator to stand on. Another problem we encountered
was controlling the skin surface in lumbar lordosis in ex-
tension. Sometimes, the SpinalMouse could not pass the
lumbar angle properly because the angle was too sharp,
and the wheels of the mouse slipped as a result.
Concerning the clinical time and the user-friendliness,
we are fairly satisfied. One complete measurement takes
about 1 min, the device is not velocity sensitive, and after
some training the SpinalMouse is rather simple to use.
Of course, there are some limitations concerning this
study. Investigators were not blinded to the subjects’ di-
agnosis. Another issue that should be kept in mind is that
comparison with the literature is not possible, since no
publication concerning the SpinalMouse is available.

Conclusion

The SpinalMouse seems to be a good, reliable device for
measuring sagittal spinal ROM, as tested by inter-rater re-
liability. After following the recommendations we made,
the device might be more accurate. Correlation coeffi-
cients found were fair to good; there was a significant dif-
ference between mean total inclination as well as mean
extension as measured by the two investigators, but this
difference was so small that it would not be of major in-
fluence in clinical practice. For measuring intersegmental
ROM, the SpinalMouse does not seem to be a reliable tool
yet. Considering the short clinical time needed for mea-
surement and the low health risk posed to the patient, the
SpinalMouse could be used as a reliable objective tool for
measuring sagittal spinal ROM. Intra-rater reliability needs
to be assessed in a further study.
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