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Abstract There is an increasing
awareness of the risks and dangers of
exposure to radiation associated with
repeated radiographic assessment of
spinal curvature and spinal move-
ments. As such, attempts are contin-
uously being made to develop skin-
surface devices for use in examining
the progression and response to treat-
ment of various spinal disorders.
However, the reliability and validity
of measurements recorded with such
devices must be established before
they can be recommended for use in
the research or clinical environment.
The aim of this study was to exam-
ine the reliability of measurements
using a newly developed skin-sur-
face device, the Spinal Mouse.
Twenty healthy volunteers (mean age
41+£12 years, nine males, 11 females)
took part. On 2 separate days, spinal
curvature was measured with the
Spinal Mouse during standing, full
flexion, and full extension (each
three times by each of two examin-
ers). Paired t-tests, intraclass correla-
tion coefficients (ICC), and standard
errors of measurement (SEM) with
95% confidence intervals were used
to characterise between-day and in-
terexaminer reliability for: standing
sacral angle, lumbar lordosis, tho-
racic kyphosis, and ranges of motion
(flexion, extension) of the thoracic
spine, lumbar spine, hips, and trunk.
The between-day reliability for seg-
mental ranges of flexion was also de-
termined for each motion segment

from T1-2 to L5-S1. The majority of
parameters measured for the ‘global
regions’ (thoracic, lumbar, or hips)
showed good between-day reliability.
Depending on the parameter of inter-
est, between-day ICCs ranged from
0.67 to 0.92 for examiner 1 (average
0.82) and 0.57 to 0.95 for examiner 2
(average 0.83); for 70% of the pa-
rameters measured, the ICCs were
greater than 0.8 and generally high-
est for the lumbar spine and whole
trunk measures. For lumbar spine
range of flexion, the SEM was ap-
proximately 3°. The ICCs were also
good for the interexaminer compar-
isons, ranging from 0.62 to 0.93 on
day 1 (average 0.81) and 0.70 to
0.94 on day 2 (average 0.86), al-
though small systematic differences
were sometimes observed in their
mean values. The latter were still ev-
ident even if both examiners used the
same skin markings. For segmental
ranges of flexion, the ICCs varied
between vertebral levels but overall
were lower than for the global mea-
sures (average for all levels in all
analyses, ICC 0.6). For each exam-
iner, the average between-day SEM
over all vertebral levels was approxi-
mately 2°. For ‘global’ regions of the
spine, the Spinal Mouse delivered
consistently reliable values for stand-
ing curvatures and ranges of motion
which compared well with those re-
ported in the literature. This suggests
that the device can be reliably imple-
mented for in vivo studies of the
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sagittal profile and range of motion
of the spine. As might be expected
for the smaller angles being mea-
sured, the segmental ranges of flex-
ion showed lower reliability. Their
usefulness with regard to the inter-
pretation of individual results and the
detection of ‘real change’ on an indi-

Introduction

With increasing awareness of the dangers of exposure to
radiation associated with the repeated radiographic as-
sessment of spinal curvature and spinal movements [31],
attempts are continuously being made to develop skin-
surface devices for use in examining the progression and
response to treatment of various spinal disorders. A num-
ber of devices employing different methods/techniques of
measurement are currently available for the noninvasive
assessment of spinal movements — ranging from the sim-
ple tape measure to computerized motion analysis sys-
tems. The latter (e.g. Fastrak, Isotrak, Zebris CMS, and
CA6000) most commonly indicate the standing curvature
and range of motion of a given section of the whole spine
(e.g. the lumbar region) using various movement sensors
affixed to the skin surface at positions believed to corre-
spond to the underlying vertebrae, as determined by prior
palpation and skin marking [8, 27, 35, 37, 41, 46, 48].
These computerised motion analysis devices offer the ad-
ditional advantage of being able to monitor and record
continuously the changing curvature of the spine, thereby
allowing both the pattern and extent of movement to be
assessed not only during range-of-motion testing but also
during the performance of given activities (e.g. bending
and lifting movements, locomotion) [1, 8, 9, 51].

In general, most of these motion analysis devices have
been shown to be reliable [14, 27]. However, they also
have certain drawbacks. Palpation of the precise land-
marks for placement of the sensors as well as preparation
of the skin for their firm attachment can both be time-con-
suming. Inaccuracies in the angles measured can arise not
only as a result of skin movement unrelated to underlying
vertebral movement (a problem common to all skin-sur-
face devices) but also if true contact, i.e. complete apposi-
tion, between the sensors and the skin is not maintained
throughout the testing procedure. Thus, the firm and sta-
ble attachment of the measuring device to the individual’s
back plays a crucial role in obtaining reliable measures. In
the case of devices that are attached to the patient by means
of straps or belts, slippage may be a problem if consider-
able movement occurs between standing and end ranges
of motion; with sensors that are attached to the skin with
adhesive/sticky tape, problems may arise if the contact
between the sensors and the skin deteriorates, for example
if the patient begins to sweat.

vidual basis thus remains question-
able. Nonetheless, the group mean
values showed few between-day dif-
ferences, suggesting that the device
may still be of use in providing clini-
cally interesting data on segmental
motion when examining groups of
individuals with a given spinal pa-

thology or undergoing some type of
intervention.

Keywords Mobility - Range of
motion - Segmental angles -
Skin-surface measures - Spine

Devices that are not attached to the person per se but
rather are placed upon the back for measurement once the
given posture has been adopted include kyphometers [40],
goniometers [40], inclinometers [53], and flexicurves [5,
43, 45]. Kyphometers, goniometers, and dual inclinome-
ters have the disadvantage that only one global region of
the spine can be monitored at a time (e.g. thoracic or lum-
bar spine or sacral tilt), whilst the data analysis from flexi-
curve measurements is rather cumbersome for use in rou-
tine practice, when rapid feedback of the results is re-
quired.

Two computer-aided skin-surface devices have recently
been developed to measure the spinal curvature of each of
the main global regions of the spine (lumbar, thoracic,
sacral) as well as that of the motion segments from T1-2
to L5-S1. One of these is based on a pen-pointer device
fitted with ultrasonic transmitters positioned sequentially
over each of the spinal processes to detect their 3D posi-
tion (Zebris, Germany). The second is a wheeled device
housing accelerometers which records distance and changes
of inclination with regard to the plumb line as it is rolled
along the length of the spine (effectively, an electronic in-
clinometer) (Spinal Mouse) (Idiag, Voletswil, Switzer-
land). Although both devices have been on the market for
some years, to the authors’ knowledge there are currently
no independent reports in the peer-reviewed literature
concerning their reliability or accuracy.

The aim of the present study was to assess the reliabil-
ity of one of these types of device, the Spinal Mouse, with
regard to measures of standing sagittal curvature, global
range of motion of the hips and lumbar and thoracic re-
gions of the spine, and the range of flexion (ROF) of indi-
vidual motion segments of the whole spine from T1-2
down to L5-S1.

Materials and methods
Subjects

Twenty healthy volunteers agreed to participate in the study. There
were nine males (45.4£7.7 years, 1.81£0.09 m tall, 87.6£16.8 kg,
and body mass index, or BMI, 26.5+5.2kg/m?) and 11 females
(38.2+7.6 years, 1.67£0.10m, 63.8+7.6kg, and 22.9+5.7 kg/m?).
None had any low back pain at the time of testing or had done so
within the preceding 2 weeks. They were all workers from various
medical, technical, and administrative branches of an orthopaedic
hospital. Sixty per cent were habitually physically active, whilst
40% did no regular sports. Fifteen per cent declared having very
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Fig.1 Spinal Mouse measure-
ments in standing position,
flexion, and extension and the
typical output derived from
one set of tests

H
i

[EF
i
!
i

fEwEE

i

[y

Wit owni

physically demanding jobs, 60% moderately physically demand-
ing jobs, and 25% physically undemanding jobs. Fifty per cent had
experienced some back pain in their lives, with the most recent
episodes occurring 8—300 months previously; of those, 50% had
visited doctors and 30% physiotherapists for treatment. The volun-
teers gave signed, informed consent to participate. The project was
part of a larger study investigating the influence of lumbar surgery
on spinal movements which was approved by the local ethics com-
mittee.

Equipment

Measures of spinal mobility were made using the Spinal Mouse
system, a hand-held, computer-assisted electromechanical device
that can be used to measure spinal curvature in various postures
[42] (Fig. 1). The device is guided along the midline of the spine

Extension

|

(or slightly paravertebrally in particularly thin individuals with
prominent spinous processes) starting at the spinous process of C7
and finishing at the top of the anal crease (approximately S3);
these landmarks are firstly determined by palpation and marked on
the skin surface with a cosmetic pencil. Two rolling wheels follow
the contour of the spine, and distance and angle measures are com-
municated from the device to a base station positioned approxi-
mately 1-2m away and interfaced to a personal computer. Data is
sampled every 1.3 mm as the mouse is rolled along the spine, giv-
ing a sampling frequency of approximately 150 Hz. (The average
total length of the spine is 550 mm and the time required to mea-
sure the whole length is 2—4 s; thus, approximately 423 measure-
ments are made over about 3 s). This information is then used to
calculate the relative positions of the sacrum and vertebral bodies
of the underlying bony spinal column using an intelligent, recur-
sive algorithm.




125

Day 1 Day 2
Randomised, tester A Compare Go to tester A
=y Between Days
A palpates and marks best 2 Tester A A palpates and marks
S| e | | Best 2 sa1 | =
e est -
o setz )| Best2 Compare || Compare e set2 | ©
0 Set3 -] Between Between Set 3 7]
@ Testers Testers @
= > Day 1 Day 2 < -
(own (own
palpation palpation
marks) marks)
A removes all marks | | A removes all marks
Compare
B palpates and marks | Between Days ean o | B palpates and marks
best 2 bes
m ~ Tester B m
— | —
% Set1 . Best 2 ‘ Best 2 Set 1 %
@ Set 2 sata sets Set 2 )]
- Set3 Compare Compare set3 |
! Between Between
— > Testers Testers < —_—
Day 1 Day 2
same same
A uses B's marks [ pglpatlon p(mmn | A uses B's marks
< marks) marks) <C
5 B
< best 2 sets et [
[ — seta |+
# 1 set of measures = standing, flexion, extension

Fig.2 Protocol for the testing procedures and data analyses. See
text for further details

Measurement protocol

The volunteers were randomized to go firstly to examiner 1 or ex-
aminer 2 (Fig.2). The corresponding examiner then palpated the
volunteer, marked the landmarks on the skin, and made a set of
measurements in the postures described below (one ‘set’ of mea-
surements will always refer to the three positions of standing, flex-
ion, and extension). Two further sets of measures were then carried
out approximately 1-2 min apart. The skin marks were then com-
pletely removed, and the volunteer went to the second examiner to
be palpated, marked anew, and carry out the same three sets of
measures. With the skin marks left on, the patient then returned to
the first examiner and performed three further sets of movements,
with examiner 1 now using the skin marks placed by examiner 2.

On the 2nd day of testing, at approximately the same time of
day for each subject, all the tests described for the 1stday were re-
peated. The test order was retained to maintain as constant any er-
rors arising from slight increases in mobility with repeated testing
(these were expected to be peculiar to the experimental situation of
multiple testing and would not therefore contribute to the normal
error of measurement). Before starting the study, the examiners
discussed and agreed upon the method of palpation and the in-
structions to be given to the volunteers but did not confer with
each other during the measurements themselves.

Test positions

The three test positions adopted for each set of measures com-
prised:

1. Standing upright (in a relaxed position, focusing on a marker at
eye level, feet shoulder width apart, knees straight, arms hang-
ing by the side)

2. Maximal flexion (legs straight, trunk flexed as far as comfort-
ably possible in an attempt to curl the head into the knees,
hands gripping the back of the lower leg for stability, if neces-
sary)

3. Maximal extension (legs straight, arms crossed over the front of
the body, head in a neutral position, trunk extended as far as
comfortably possible)

The positions were first described and demonstrated by the inves-
tigator and practiced once by the volunteer before the three sets of
measurements in each posture were made. The patient was in-
structed to move at a speed of his/her choosing and to hold the end
position for a few seconds while the measurement was made.

The relevant parameters recorded by the Spinal Mouse in each
position were: all the individual motion segment angles (from T1-2
through to L5-S1), thoracic curvature (T1-2 to T11-12), lumbar
curvature (T12-L1 to the sacrum), ‘hip’ (sacral) angle, and trunk
angle of inclination (angle subtended between the vertical and
a line joining C7 to the sacrum). Determination of these parame-
ters in standing, full flexion, and full extension then allowed calcu-
lation of the ranges of flexion and extension for the hips, lumbar
spine, thoracic spine, and whole trunk. In addition, the ROF was
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Table1 Between-day reliability for each examiner and interexaminer reliability on each testing day. CI confidence interval, ROF range of

Position Between-day reliability
Examiner 1 Examiner 2
Day 1, Day 2, P (day1 ICC (day 1 SEM (day 1 Day 1, Day 2, P (day 1
meanzSD meanzSD vs day 2) vsday 2) vs day 2) meanxSD meantSD vs day 2)
(95% CI) (95% CI)
Hips
Standing  21.1+6.2° 21.31£6.9° 0.76 0.88 (0.71-0.95) 2.3(1.8-3.4) 16.1+6.9° 16.7£7.7° 0.35
ROF 48.9+10.2° 46.9+10.5° 0.16 0.82 (0.59-0.93) 4.4 (3.4-6.5) 49.3+11.3° 47.9+£10.0° 0.25
ROE 18.5+9.1° 19.8+10.3° 0.39 0.78 (0.52-0.91) 4.5 (3.5-6.6) 18.7+£9.4° 20.6+12.0° 0.40
ROFE 67.3£12.1° 66.7£12.0° 0.75 0.77 (0.50-0.90) 5.8 (4.4-8.6) 67.9£11.5° 68.3£13.5° 0.83
Thoracic spine
Standing  45.8%6.8° 44.749.2° 0.40 0.73 (0.43-0.89) 4.2 (3.2-6.2) 46.718.1° 45.816.5° 0.31
ROF 24.5%9.1° 25.349.9° 0.63 0.67 (0.32-0.86) 5.5 (4.2-8.0) 26.9+11.5° 27.7£9.0° 0.49
ROE 1.1£13.0° 2.1£12.3° 0.63 0.76 (0.47-0.90) 6.2 (4.7-9.1) 0.6+10.3° 2.1£9.4° 0.32
ROFE 25.6£13.6° 27.4+13.3° 0.31 0.83 (0.61-0.93) 5.6 (4.3-8.2) 27.5+£12.9° 29.8+12.5° 0.26
Lumbar spine
Standing —-31.7£7.3° -32.248.4° 0.54 0.90 (0.75-0.96) 2.5(1.9-3.7) —-32.448.2° —32.7+8.2° 0.74
ROF 63.248.0° 64.4+8.8° 0.24 0.85 (0.66-0.94)5 3.2 (2.54.7) 67.1+£11.0° 67.11£9.4° 0.94
ROE 14.849.3° 13.5+10.7° 0.36 0.80 (0.55-0.92) 4.5 (3.5-6.6) 15.448.7° 12.9£10.9° 0.10
ROFE 78.1£12.6° 78.0£13.4° 0.93 0.87 (0.69-0.95) 4.7 (3.6-6.8) 82.5+13.9° 80.1+13.9° 0.15
‘Whole trunk
Standing  5.242.6° 4.842.5° 0.29 0.84 (0.64-0.94) 1.0 (0.8-1.5) 0.9£2.6° 0.8+£3.1° 0.64
ROF 109.2+10.2° 108.4+11.7° 0.50 0.89 (0.75-0.96) 3.6 (2.7-5.2) 112.0£11.6° 111.9+£10.9° 0.93
ROE 32.948.9° 33.949.2° 0.32 0.88 (0.73-0.95) 3.1 (2.34.5) 33.448.2° 33.4+8.9° 0.98
ROFE 142.1£14.8° 142.3£16.3° 0.87 0.92 (0.81-0.97) 4.3 (3.3-6.3) 145.4£15.5° 145.3£15.9° 0.94
Mean of all 0.82 4.1
parameters
*P<0.05

determined for each vertebral motion segment (from T1-2 to L5-  Statistics

S1).

Paired #-tests were used to examine group mean differences in the
repeated measures for each of the parameters derived from use of
the Spinal Mouse. Significance was accepted at the 5% level. As

recommended by Perneger [36], no adjustments were made for

Data analysis

Of the three repeated sets of movements performed at any given

time (e.g. with one particular examiner or on a given day), only the
results of the two ‘best’ sets were used for further analysis — those
in which the greatest whole trunk inclination was achieved during
the flexion test (because flexion is the movement most commonly-
investigated and of generally greatest interest, and overall trunk
flexion was considered to give the best indication of ‘maximal ef-
fort’.) In the majority of cases, the best two trials were the latter
two in the set of three. The following analyses were performed for
each of the parameters measured by the Spinal Mouse (Fig. 2):

1. Intraexaminer, between-day reliability (examiner vs himself on
2 days). Comparison of the means of the two best values on day
1 and the two best values on day 2 (analyses done separately for
each examiner)

2. Interexaminer reliability (examiner 1 vs examiner 2 on each
day). Comparison of the mean of the two best values of exam-
iner 1 on a given day with the mean of the two best values of
examiner 2 on the same day, in which each examiner indepen-
dently palpated and marked the skin of the volunteer

3. Comparison of the means of the two best values of examiner 1
and examiner 2 on the same day, in which the same skin mark-
ings were used by both examiners

multiple testing.

The intraclass correlation coefficient (ICC) and standard error
of measurement (SEM) (or ‘typical error of measurement’), each
with 95% confidence intervals, were used to characterise reliabil-
ity [21]. It has been suggested that, to be useful, a measurement
should have an ICC of >0.6 [6]. However, in the present study, the
rather more stringent criteria of Currier [7] were adopted: 0.90—
0.99=high reliability, 0.80-0.89=good reliability, 0.70-0.79=fair
reliability, <0.69=poor reliability.

Results

Global ranges of motion for thoracic spine, lumbar spine,
and hips

Intraexaminer between-day reliability

Repetition of the measurements by the same examiner on
two different days resulted in no significant difference in
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flexion, ROE range of extension, ROFE range of flexion and extension, stand angle in standing

Interexaminer reliability

Day 1 Day 2
ICC (day 1 SEM (day 1 P 1CC SEM P 1CC SEM
vs day 2) vs day 2) (examinerl (examiner 1 (examiner 1 (examiner 1 (examiner 1 (examiner 1
95% CI) (95% CI) Vs Vs Vs Vs Vs Vs

examiner 2) examiner 2) examiner 2) examiner 2) examiner 2) examiner 2)

95% CI) (95% CI) 95% CI) (95% CI)

0.93 (0.83-97) 1.9 (1.5-2.8) 0.00* 0.88 (0.71-0.95) 2.3 (1.8-3.4) 0.00* 0.92 (0.80-.97) 2.1 (1.6-3.1)
0.87 (0.70-0.95) 3.8 (2.9-5.6) 0.55 0.88 (0.71-0.95) 3.8 (2.9-5.6) 0.44 0.85 (0.64-0.94) 4.0 (3.1-5.9)
0.57 (0.17-0.81) 7.0 (5.4-10.3) 0.69 0.67 (0.32-0.86) 5.3 (4.1-7.8) 0.54 0.89 (0.70-0.95) 4.0 (3.0-5.8)
0.70 (0.38-0.87) 6.7 (5.2-10.0) 0.92 0.65 (0.29-0.85) 7.0 (5.3-10.2) 0.23 0.89 (0.73-0.96) 4.3 (3.3-6.2)
0.88 (0.67-0.94) 2.8 (2.1-4.0) 0.33 0.87 (0.70-0.95) 2.7 (2.0-3.9) 0.30 0.83 (0.62-0.93) 3.3 (2.54.8)
0.86 (0.67-0.94) 3.9 (2.9-5.6) 0.09 0.83 (0.61-0.93) 4.3 (3.3-6.2) 0.16 0.70 (0.38-0.87 5.2 (3.9-7.5)
0.78 (0.52-0.91) 4.6 (3.5-6.7) 0.80 0.64 (0.27-0.84) 7.0 (5.4-10.3) 0.99 0.79 (0.54-0.92) 5.0 (3.8-7.4)
0.77 (0.51-0.91) 6.0 (4.6-8.8) 0.46 0.62 (0.24-0.83) 8.2 (6.3-12.0) 0.16 0.85 (0.65-0.94) 5.1 (3.9-7.4)
0.92 (0.80-0.97) 2.4 (1.8-3.5) 0.41 0.87 (0.69-0.95) 2.8 (2.14.1) 0.52 0.93 (0.83-0.97) 2.2 (1.7-3.2)
0.91 (0.79-0.97) 3.0(2.344) 0.00* 0.85 (0.65-0.94) 3.7 (2.8-5.5) 0.02* 0.87 (0.70-0.95) 3.3 (2.54.8)
0.78 (0.52-0.91) 4.6 (3.5-6.8) 0.38 0.88 (0.72-0.95) 3.1 (2.3-4.5) 0.58 0.90 (0.75-0.96) 3.5 (2.7-5.1)
0.86 (0.68-0.95) 5.1 (3.9-7.5) 0.01* 0.87 (0.69-0.95) 4.8 (3.7-7.0) 0.20 0.86 (0.68-0.95) 5.0 (3.8-7.3)
0.83 (0.62-0.93) 1.2 (0.9-1.7) 0.00* 0.77 (0.50-0.91) 1.2 (0.9-1.8) 0.00* 0.71 (0.39-0.88) 1.5 (1.2-2.2)
0.95 (0.86-0.98) 2.6 (2.0-3.8) 0.01* 0.93 (0.83-0.97) 2.8 (2.14.1) 0.01* 0.87 (0.69-0.95) 4.1 (3.2-6.1)
0.84 (0.63-0.93) 3.4 (2.6-5.0) 0.77 0.87 (0.69-0.95) 3.1 (2.3-4.5) 0.49 0.94 (0.85-0.98) 2.3 (1.7-3.3)
0.94 (0.84-0.97) 4.0 (3.0-5.8) 0.04* 0.90 (0.77-0.96) 4.7 (3.6-6.8) 0.04%* 0.93 (0.82-0.97) 4.4 (3.4-6.4)
0.84 4.0 0.81 4.2 0.86 3.7

group mean values for any of the parameters investigated
(Table 1). The ICCs ranged between 0.67 and 0.92 for ex-
aminer 1 and 0.57 and 0.95 for examiner 2, depending on
the parameter of interest. The majority (68%) of ICCs
were greater than 0.8 (‘good reliability’). The mean be-
tween-days ICCs for all parameters were 0.82 for exam-
iner 1 and 0.84 for examiner 2.

For examiner 1, the between-day SEM ranged from
1.0° (95% CI 0.8-1.5) for standing trunk angle to 6.2°
(95% CI 4.7-9.1) for the range of extension (ROFE) of
the thoracic spine (Table 1). For examiner 2, the between-
day SEM ranged from 1.2° (95% CI 0.9-1.7) for standing
trunk angle to 7.0° (95% CI 5.4-10.3) for the range of ex-
tension (ROE) of the hips (Table 2).

Comparison of the measurements made by the two ex-
aminers resulted in a number of significant differences in
group mean values (Table 1). Specifically, interexaminer
differences were consistently observed (i.e. on each of the
days) for standing hip angle, ROF of the lumbar spine and
the standing trunk inclination, trunk ROF, and trunk
ROFE. However, the corresponding ICCs for each of these
parameters were generally high, indicating that the differ-
ences represented primarily systematic errors, i.e. one ex-

aminer consistently recorded slightly higher or lower val-
ues than the other. Further, the differences were of an or-
der of just a few degrees and very close to the SEM for the
corresponding intraexaminer analyses. The ICCs between
the measures of the two examiners ranged between 0.62
and 0.93 on day 1 and between 0.70 and 0.94 on day 2,
depending on the parameter of interest. The ICCs were
over 0.8 (good reliability) for 69% of the parameters on
day 1 and 81% of the parameters on day 2. The mean
ICCs for all parameters were 0.81 (day 1) and 0.86 (day 2).
The interexaminer SEM ranged from 1.2° (95% CI 0.9—
1.8) for the standing trunk angle to 7.0° (95% CI 5.3—
10.2) for ROE of the hips and ROFE of the thoracic spine
(Table 1).

Interexaminer reliability — same skin-markings
used by both examiners, day 1

It has been shown that a large part of the interexaminer
variability in measurements of spinal mobility arises from
differences in identification of the landmarks required for
measurement [28]. Thus, the present study also examined
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Table2 Between-day reliability for each examiner and interexaminer reliability on each day for segmental ranges of flexion. ROF range of

Vertebral Between-day reliability
level

Examiner 1 Examiner 2

Day 1, Day 2, P (day1 ICC,day 1 SEM Day 1, Day 2, P (day 1

meanxSD meanxSD vs day 2) vsday 2 (95% CI) meanxSD mean+SD vs day 2)

(95% CI)

T1-2 -0.4+6.3° —0.1£5.1° 0.76 0.76 (0.48-0.90) 2.8 (0.1-4.1) 3.745.5° -0.24+5.4° 0.00%*
T2/3 2.6x4.4° 2.4+4.9° 0.84 0.56 (0.16-0.80) 3.1 (2.34.5) 3.6x3.2° 4.944.5° 0.15
T3-4 —0.1+4.3° —0.5+3.3° 0.62 0.45 (0.01-0.74) 2.8 (2.2-4.1) 0.314.0° 1.0x4.7° 0.34
T4-5 0.514.1° 1.2+4.1° 0.33 0.71 (0.39-0.88) 2.2 (1.7-3.3) 1.6x3.4° 1.3£3.7° 0.66
T5-6 2.4+2.9° 2.3+3.7° 0.90 0.70 (0.37-0.87) 1.8 (1.4-2.7) 1.4+£3.4° 2.1+£3.7° 0.27
T6-7 0.7£3.2° 1.7£3.1° 0.10 0.71 (0.39-0.88) 1.7 (1.3=2.5) 0.6+£2.9° -0.2+3.1° 0.12
T7-8 -0.5£2.4° 0.1£2.5° 0.30 0.59 (0.21-0.82 1.5 (1.2-2.3) -0.24£2.5° —1.242.6° 0.11
T8-9 1.3+3.6° 0.942.6° 0.49 0.66 (0.31-0.85) 1.8 (1.4-2.6) 1.1+3.6° 1.5+4.1° 0.27
T9-10 4.1+£3.4° 4.0+3.6° 0.83 0.83 (0.60-0.93) 1.5 (1.1-2.2) 3.0£3.1° 4.5+3.2° 0.03*
T10-11 6.5£3.1° 6.1£3.6° 0.43 0.76 (0.47-0.90) 1.7 (1.3-2.4) 6.1x4.0° 7.8+3.8° 0.03*
T11-12 7.242.2° 7.0£2.5° 0.64 0.69 (0.36-0.87) 1.3 (1.0-1.9) 5.8+3.2° 6.3£3.0° 0.40
T12-L1 5.0£2.4° 5.6%3.0° 0.25 0.68 (0.34-0.86) 1.5 (1.2-2.3) 5.9+3.1° 5.0£2.9° 0.06
L1-2 8.5+2.7° 8.6+3.6° 0.87 0.43 (-0.01-0.73) 2.4 (1.8-3.5) 10.2+3.4° 9.4+3.2° 0.23
L2-3 13.1£3.4° 12.543.3° 0.31 0.70 (0.38-0.87) 1.8 (1.4-2.7) 14.0+£2.8° 13.54£3.0° 0.44
L3-4 17.34£5.7° 17.0£5.0° 0.70 0.83 (0.62-0.93) 2.2 (1.7-3.2) 16.84+4.1° 17.6£5.0° 0.22
L4-5 11.1£5.0° 10.3+4.3° 0.48 0.46 (0.02-0.75) 3.4 (2.6-5.0) 7.7£5.0° 9.8+5.7° 0.01*
L5-S1 7.914.6° 9.7+4.5° 0.12 0.39 (-0.06-0.71) 3.52.7-5.2) 12.5+4.2° 12.0£3.6° 0.44
Means of all 0.64 2.2
parameters
*P<0.05

whether interexaminer reliability improved when the ex-
aminers used the same skin markings (see Methods sec-
tion). There were significant differences between the ex-
aminers’ mean values for just as many parameters as when
the examiners conducted their own, independent palpation
and marking of the volunteer. However, the ICCs for the
two examiners’ results using the same skin markings were
consistently higher, ranging from 0.75 to 0.96 depending
on the parameter of interest. Fifteen of the 16 parameters
(94%) had an interexaminer ICC of 0.8 or higher (the re-
maining parameter, thoracic spine ROFE, having an ICC
of 0.75); the average ICC for all parameters was 0.86 and
the average SEM 3.7°.

Segmental range of flexion measures from T1-2 to L5-S1
Intraexaminer between-day reliability

For examiner 1, there were no significant differences be-
tween the mean segmental ranges of flexion measured on
days 1 and 2 (Table 2). However, the corresponding ICCs
were not consistently good, ranging from 0.39 to 0.83 de-
pending on the vertebral level, with a mean value for all
levels of 0.64. Only one of 17 variables had an ICC
greater than 0.80, and just three had ICCs from 0.70 to

0.79. The SEMs for the various vertebral levels ranged
from 1.3° (T11-12) to 3.5° (L5-S1), with an average value
for all vertebral levels of 2.2°.

For examiner 2, significant differences in the mean seg-
mental ROF were found for four of the 19 vertebral levels
measured (Table 2). The ICCs ranged from 0.46 to 0.90, de-
pending on the vertebral level examined, with a mean value
for all levels of 0.67. No level had an ICC for the ROF
greater than 0.80, and just four (of 17) had ICCs from 0.70
to 0.79. The SEMs ranged from 1.2° (T8-9) to 2.9° (T1-2
and T2-3), with an average value for all levels of 2.1°.

Interexaminer reliability — independent palpation
and marking by each examiner

In comparing the mean values of examiner 1 and 2 on each
of the two days, significant differences were observed for
about a quarter of the vertebral levels examined (Table 2)
(Fig.3). The ICCs for the interexaminer measurements
ranged from 0.28 to 0.81 (average 0.55) on day 1 and
from 0.46 to 0.77 (average 0.62) on day 2. The SEMs for
the interexaminer segmental ranges of flexion were be-
tween 1.7° and 4.0° on day 1 and between 1.6° and 3.4°
on day 2, with average values for each of the two days of
2.5° and 2.3°, respectively.
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flexion, ROF range of extension, ROFE range of flexion and extension

Interexaminer reliability

Day 1 Day 2
ICC, day 1 SEM P 1CC, SEM P ICC SEM
vs day 2 95% CI) (exam 1 exam 1 exam 1 (exam 1  exam 1 exam 1
(95% CI) vs 2) vs 2 vs 2 vs 2) vs 2 vs 2
(95% CI) (95% CI) (95%CI) (95% CI)
0.72 (0.40-0.88) 2.9 (2.24.3) 0.00* 0.55 (0.14-0.80) 4.0 (3.0-5.8) 0.95 0.58 (0.19-0.81) 3.4 (2.6-5.0)
0.46 (0.02-0.75) 2.9 (2.94.2) 0.31 0.42 (-0.03-0.73 2.9 (2.2-4.3) 0.01* 0.70 (0.38-0.87) 2.5 (1.9-3.7)
0.71 (0.39-0.88) 2.4 (1.8-3.5) 0.55 0.81 (0.57-0.92) 1.8 (1.4-2.7) 0.11 0.50 (0.07-0.77) 2.9 (2.24.2)
0.58 (0.19-0.81) 2.3 (1.8-3.4) 0.14 0.64 (0.28-0.84) 2.3 (1.7-3.3) 0.91 0.72 (0.41-0.88) 2.1 (1.6-3.0)
0.74 (0.45-0.89) 1.8 (1.4-2.6) 0.17 0.52 (0.11-0.78) 2.2 (1.7-3.2) 0.66 0.77 (0.50-0.91) 1.8 (1.3-2.6)
0.75 (0.46-0.89) 1.5 (1.1-2.2) 0.86 0.67 (0.32-0.86) 1.8 (1.4-2.6) 0.01* 0.64 (0.28-0.85) 1.8 (1.4-2.7)
0.46 (0.02-0.75) 1.9 (1.4-2.7) 0.68 0.28 (-0.18-0.65) 2.1 (1.6-3.0) 0.04* 0.51 (0.09-0.78) 1.8 (1.4-2.6)
0.90 (0.76-0.96) 1.2 (0.9-1.8) 0.69 0.70 (0.37-0.87) 2.0 (1.5-2.9) 0.41 0.58 (0.19-0.81) 2.2 (1.7-3.3)
0.63 (0.26-0.84) 1.9 (1.5-2.8) 0.11 0.59 (0.19-0.82) 2.1 (1.6-3.1) 0.48 0.63 (0.26-0.84) 2.1 (1.6-3.1)
0.66 (0.30-0.85) 2.3 (1.7-3.3) 0.49 0.71 (0.39-0.88) 1.9 (1.5-2.8) 0.03* 0.62 (0.24-0.83) 2.3 (1.7-3.3)
0.61 (0.23-0.83) 1.9 (1.5-2.8) 0.04* 0.48 (0.05-0.76) 2.0 (1.5-2.9) 0.22 0.69 (0.36-0.87) 1.6 (1.2-2.3)
0.73 (0.43-0.89) 1.5 (1.2-2.2) 0.13 0.56 (0.15-0.80) 1.8 (1.4-2.7) 0.33 0.55 (0.14-0.80) 2.0 (1.5-2.9)
0.59 (0.20-0.82) 2.1 (1.6-3.1) 0.04* 0.37 (-0.08-0.70) 2.4 (1.9-3.6) 0.30 0.57 (0.16-0.81) 2.2 (1.7-3.3)
0.47 (0.03-0.75) 2.1 (1.6-3.1) 0.11 0.70 (0.37-0.87) 1.7 (1.3-2.5) 0.20 0.46 (0.02-0.75) 2.3 (1.8-3.4)
0.80 (0.55-0.92) 2.1 (1.6-3.0) 0.62 0.51 (0.08-0.78) 3.5 (2.7-5.1) 0.49 0.76 (0.47-0.90) 2.5 (1.9-3.6)
0.79 (0.53-0.9) 2.5 (1.9-3.6) 0.01* 0.48 (0.05-0.76) 3.6 (2.8-5.3) 0.63 0.62 (0.25-0.83) 3.1 (2.44.5)
0.77 (0.49-0.90) 1.9 (1.5-2.8) 0.00* 0.34 (-0.12-0.68) 3.6 (2.7-5.3) 0.01* 0.68 (0.34-0.86) 2.3 (1.8-3.4)
0.67 2.1 0.55 2.5 0.62 2.3
Fig.3 Comparison of segmen- 20
tal ranges of flexion (in de-
grees) for each of the two ex-
aminers on each of the 2 test A
days
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Interexaminer reliability — same skin-markings

used by both examiners, day 1

When both examiners used the same skin markings for
measurement, there were significant differences between

Segmental level

their mean values for just as many parameters as when they
conducted their own, independent palpation and marking
of the volunteer. Although the ICCs were in general slightly
higher, the average ICC for all vertebral levels was still
only 0.61 (range 0.36 to 0.86, depending on level). The
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Table3 Comparison of values for range of motion measured in
the present study with those reported in the literature using other
devices and using X-ray measurements. All values are given in de-
grees. ROF range of flexion, ROE range of extension, ROFE range

of flexion and extension, stand angle in standing. Not all studies
examined every parameter, hence the missing values for some pa-
rameters

Device used, Region Lumbar Lumbar Lumbar Lumbar Hip Hip Hip
reference measured lordosis ROF ROE ROFE stand ROF ROE
Present study?® T12-S1 32 65 14 79 19 48 19
Isotrak [8] L1-S1 31 55 31 90 18 75 18
Fastrak [25] ¢ L1-S1 30 54 16 72

Fastrak [27] L1-S1 56 20 76

Inclinometers [32] ¢ T12-S1 23-28 4265 12-29

Inclinometers [52] 4 T12-S1 42-65 14-32

CA6000 [11] T12-S1 81 35 116

CA6000 [13] ¢ T12-S1 63 24 87

CA6000 [27] L1-S1 65 2 88

CA6000 [29] f T12-S1 57 24 81

CA6000 [40] T12-S1 62 21 83

CA6000 [45] ¢ T12-S1 40-72 6-29

X-ray [12] L1-S1 - - 77

X-ray [20] h L1-S1 53

X-ray [34] 1 L1-S1 52 16 68

X-ray [40] T12-S1 61 20 81

aMean, both investigators over both days

YMostly females (1840 years)

¢Unpublished data (using the Fastrak system) from 103 healthy
subjects (38% women, 62% men, age 19-59 years) involved in the
first author’s previous studies. Measurements were made between
sensors placed over the spinous process of T1 and L1 (for the tho-
racic spine) and L1 and S1 (for the lumbar spine)

ICC was greater than 0.8 for only two of 17 vertebral lev-
els and between 0.7 and 0.8 for a further three vertebral
levels. The average SEM for all levels (2.3°) was similar
to that obtained when the examiners independently pal-
pated and marked the skin (2.4°).

Discussion
General observations

The present study was carried out to examine the reliabil-
ity of measures of spinal curvature and range of motion,
made with the Spinal Mouse, in a group of men and women
of differing age, build, habitual activity level, and occupa-
tion. All were hospital employees but carried out very dif-
ferent types of work (manual, technical, office, clinical).
None of them had pain at the time of testing or in the
preceding 2 weeks, although some had previously suf-
fered back pain. This was therefore considered to be a suf-
ficiently nonselective, representative sample of individals.

dReviews of the results of various studies

¢Averages over all age groups examined, both genders

fAverages from the 20—-60-year age groups

¢Range of mean values from the oldest to the youngest age group
examined (1690 years old)

"Men only (19-59 years old)

iMen only (25-36 years old)

Reliability of the global measurements
Between-day measurements

In the assessment of human performance capacity, ‘one-
off” measurements rarely provide sufficiently accurate data.
In the present study, we therefore chose to carry out three
trials within any given testing session and to use only the
best two for further analysis. Between-day reliability was
thus based on the mean values from the best two trials in
any given session; the best two trials showed sufficiently
consistent results to justify their averaging (data not shown
due to space limitations but similar to those shown in Ta-
ble 1 for between-day measures).

For the majority of parameters investigated, the ICCs
were greater than 0.8, indicating good reliability [7]. The
corresponding average SEM, or typical errors associated
with repeated measurements, ranged between 3.5° and 4.2°.
The between-day SEM can be used to indicate the degree
of change required in a given individual’s measures, in or-
der to establish it (with a given level of confidence) as be-
ing a real change over and above measurement error. At
the 95% confidence level, this is defined as 1.96xV2x
SEM or 2.77xSEM and sometimes referred to as the
‘minimum (or smallest) detectable change’ [3]. For lum-
bar ROF, for example, the minimum detectable change
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was 2.77x3.2=8.9° for examiner 1 (8.3° for examiner 2).
In other words, if an individual recorded a change of more
than 8-9° after a given intervention, then the odds are
19:1 (i.e. 95% confidence level) that this represents a real
change. The minimum detectable change can also be ex-
pressed in relation to the mean value for the given vari-
able, to indicate the minimum detectable percentage change;
using the same figures as above for ROF of the lumbar
spine (with a mean value of approximately 64°), the min-
imum percentage change would equate to around 14%.
Previous studies report corresponding values ranging be-
tween 5.5% [32] and 34% [17].

Some authors have actually argued that 95% confidence
limits are too stringent to use as a threshold for deciding
that real change has occurred, and they recommend 1.5 or
2.0 times the SEM (rather than 2.77xSEM) [21]. In this
case, the corresponding odds of measuring a real change
would still be 6 to 1 and 12 to 1, respectively. In the exam-
ple above, this would mean that with a measured change of
approximately 6° in lumbar ROF, there would be a 12 to 1
chance (92% confidence level) that this represented a real
change. It is important to realise that these values for min-
imum detectable change per se do not necessarily indicate
clinically important change; the latter is best examined in
relation to changes in other clinical outcome measures. Our
current preliminary studies on patients with herniated disc un-
dergoing decompression surgery indicate that a 4-point de-
crease on the Roland Morris disability scale (the approximate
minimum detectable change for that questionnaire [3]) is as-
sociated with an approximately 11° increase in the range of
lumbar flexion [26]. Further, the difference in the improve-
ment in lumbar flexion between a group of patients satisfied
with the results of the operation and a dissatisfied group was
approximately 16° [26]. It would therefore seem that the
‘clinically relevant changes’ reported to date using the same
measurement device well exceed the error of measurement.
Using the data in Table2, Table 3, and the formulae given
above, the reader can calculate the minimum detectable
change for other parameters that may be of interest in specific
clinical studies. Notably, the SEMs for all the measurements
made in standing were particularly low, indicating that the
Spinal Mouse represents a sensitive instrument for investigat-
ing changes/anomalies in the standing sagittal profile of the
spine, for example associated with Scheuermann’s kyphosis,
flat-back syndrome, postural insufficiency, etc.

Interexaminer measurements

For some of the parameters, there were slight systematic
differences in the results of the two examiners, even though
their corresponding intraclass correlation coefficients were
high and SEMs low. This would tend to suggest that, if
implementing these measures during longitudinal studies,
best results would be obtained by using just one examiner
for the repeated measures made on any given individual.

However, if this were not practicable, it apparently would
not have a major influence on the absolute values re-
corded; the interexaminer SEM was comparable to the
intraexaminer SEM.

The slight systematic errors between the examiners
(both reasonably experienced using the Spinal Mouse) could
have arisen for a number of reasons. Firstly, there may
have been differences between the two measuring devices
that each experimenter used. This was considered unlikely,
as the two devices were cross-checked against a fixed struc-
ture of known angle before and after the experiments, and
in each case they yielded negligible differences in the an-
gles recorded. Furthermore, if the systematic error were re-
lated to the devices themselves, then the discrepant results
should have been evident for all parameters measured,
which they were not — most commonly, they included the in-
clination angles in standing (for the hips and the trunk, gen-
erally both very low absolute values) and some of the mea-
sures for the flexion movements. A second possible expla-
nation for the interexaminer differences could be that dif-
ferent start and end points were used by the two examiners
during their measurements, i.e. different landmarks were
palpated at the beginning. This is one of the most common
sources of interexaminer error in measurements of spinal
mobility [28]. However, this also appeared not to be the
case here, as the small systematic differences were still ev-
ident when both examiners used the same skin markings:
the intraclass correlation coefficients were somewhat
higher, but the differences in mean values were similar.

Other feasible explanations for the interexaminer dif-
ferences include discrepancies in the method of measure-
ment in terms of speed, pressure exerted, and exact path
followed during the rolling of the mouse. Further, de-
pending on the sensitivity of the volunteer to the device
on his/her back, differences in these factors could have
slightly influenced the precise posture adopted during
measurement. The recommended speed of measurement
was not explicitly stated before the experiments began
(and, indeed, is not specified by the manufacturers): the
examiners simply carried out the tests at speeds with which
they were comfortable and as they had been trained. Non-
etheless, as long as the Mouse is not rolled so quickly that
a signal transmission failure occurs, the speed of move-
ment should not influence the final results. The number of
data samples recorded is determined per mm distance
rolled such that the speed of rolling would not effect the
number of data points that contribute to the final calcu-
lated values.

As skin is flexible, the pressure exerted by the exam-
iner in rolling the mouse along the back may influence the
values recorded: greater pressure would result in the
mouse traversing an apparently greater distance along the
back surface and may also result in different curvatures
being monitored. Examination of the lengths measured in
the various postures, however, revealed no consistent dif-
ferences between the examiners that could have explained
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the systematic differences in angles measured. The exact
path followed along the spine, i.e. whether slightly par-
avertebral or strictly down the midline of the spine, could
contribute to slight interexaminer errors; this was not as-
sessed in the present study and is indeed difficult to inves-
tigate. Finally, it is possible that the two examiners gave
slightly different instructions to the subjects regarding the
postures to be adopted, differed with respect to the strin-
gency with which correct positioning was enforced, or en-
couraged the subjects to differing extents when attempting
the maximum for each movement. Notably, the amount of
trunk and lumbar flexion achieved by the subjects was
slightly less with examiner 1 than with examiner 2. How-
ever — in common with any such voluntary test procedures
— all these aspects relate more to the establishment of
strict and standardised testing procedures than to the reli-
ability of the device per se.

Validity of the global measurements

In deciding whether a new technology can be imple-
mented for use in either the clinical or research environ-
ment, the issue of reliability is not the only factor to con-
sider. It is also essential to confirm that the device yields
valid — or accurate — results, i.e. that it really measures
what it purports to measure. This is particularly important
if absolute values are to be used, for example in assessing
the extent of an individual’s injury, severity of disease or
deformity, need for rehabilitation, job suitability, etc. In
relation to the current investigation, the concern is
whether the angular changes recorded at the skin surface
accurately represent the position and movements of the
underlying vertebrae. In order to make such assessments
of accuracy, an established and reliable gold standard is
required with which the new system can be directly com-
pared in a given group of individuals using, for example,
the method of Bland and Altman [4]. With regard to the
accuracy of measures of lumbar spinal mobility, this is
difficult to do, because no suitable gold standard currently
exists.

Although radiographic measures of range of motion
are commonly considered to represent the ideal, no study
has ever demonstrated acceptable reliability for X-ray
measures of spinal range of motion. A number of studies
have examined the error associated with repeated mea-
surement of vertebral angles on a given set of radio-
graphic films and found that it can sometimes be appre-
ciable [28, 33, 39, 50]. However, this represents only one
likely source of error associated with the whole proce-
dure: in addition to the interpretation and measurement of
the final X-ray films, measurement error can also arise as
a result of differences in patient positioning during imag-
ing, image quality, patient performance, and so on. Thus,
the bottom line is that if the X-ray technique itself has not
been shown to be reliable, then its application can hardly

be considered to be a gold standard. Under these circum-
stances, the best that can be done is to ensure approximate
agreement (convergent validity) between the mean values
measured with the Spinal Mouse and those measured with
various other devices, including radiological images. This
should at least indicate whether the device is yielding rel-
atively realistic values.

In view of (1) the fact that skin-surface measurements
by definition follow the line of the posterior elements and
not that of the vertebral bodies (as in X-ray measures) and
(2) the varying distribution of subcutaneous tissue overly-
ing the spine, most notably in the lumbar region towards
the sacrum, it would not necessarily be expected that the
absolute curvatures measured with the Spinal Mouse would
be directly comparable to those measured radiographi-
cally. They should, however, be comparable to those mea-
sured using other skin-surface devices. Furthermore, the
ranges of motion measured for the various regions of the
spine should be comparable for both skin-surface devices
and X-ray measurements, assuming the same number of
motion segments is included in the measurements.

Comparison of Spinal Mouse
measures of global spinal curvature and range of motion
with other methods of measurement

Thoracic spine

A number of radiographic studies, but few studies using
skin-surface devices, have documented normal values for
the sagittal curvature of the thoracic spine. The standing
kyphosis measured in the present study with the Spinal
Mouse was on average 45°; this compares favourably with
our previous, unpublished data using the Fastrak system
[25], in which the average value from a total of 103 healthy
subjects (38% women and 62% men aged 19-59 years)
was 43+13°. It also compares well with published radio-
graphic measures, e.g. 48° [16], 46° [18], 42° [22], 47°
[49], and 34° [50]. As there is typically only minimal sub-
cutaneous tissue in this region of the spine, similar values
for skin-surface and radiographic measures may indeed be
expected.

Thoracic flexion and extension are considered to be
relatively limited motions [2], and few studies have re-
ported normal values for these. For the 103 subjects in the
study described above [25], the mean value for the tho-
racic ROF was 34+14°; this compares reasonably well with
the average value of 25° recorded in the present study.
These values are not dissimilar from that (30°) reported
for the normal thoracic ROF in clinical handbooks [24].
In both the current and previous studies [25] using skin-
surface devices, the mean range of extension was almost
negligible. This may be because, in standing, full exten-
sion of the thoracic spine is difficult to achieve under the
constraints necessary for measurement (head/neck in a
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neutral position and the hands crossed over the chest).
The few previously available reports in the literature refer
to an average range of extension for the thoracic spine of
approximately 20° [24].

Lumbar spine and hips

A large number of investigations have examined the cur-
vature and range of motion of the lumbar spine and hips,
perhaps reflecting the somewhat greater clinical interest
in these regions of the spine (Table 3). Many of the skin-
surface devices effectively zero the device when the sub-
ject is in upright standing (i.e. the angle of the lordosis in
upright standing is set to zero and the spinal movements
are measured relative to this starting point), and hence
they are unable to record an absolute value for standing
hip and lumbar curvatures. The standing hip angle has been
reported in only a few other studies using skin-surface de-
vices, and the values measured in the present study com-
pare favourably with these (all approximately 16-19°)
(Table 3). Lumbar lordosis, as measured with inclinome-
ters, has been reported in a number of studies, and the val-
ues vary between 23° and 33° [32]. These values are sim-
ilar to those recorded with the Isotrak or Fastrak (30° and
31°, respectively) (Table 3) and in the present study (32°).
All the skin-surface devices tend to yield considerably
lower values for standing lumbar lordosis than those mea-
sured with X-ray (for T12-S1 between 47° and 64°) [16,
19, 22, 30, 47, 49, 50, 52], most likely for the reasons ex-
plained earlier (i.e. the curvature is not that formed by the
bony structures themselves, and there can sometimes be
thicker layers of subcutaneous tissue overlying the lower
lumbar spine and sacrum).

The mean ROF of the lumbar spine, as measured with
the Spinal Mouse, lies well within the range previously
reported in the literature (Table 3). Naturally some caution
is required in making these comparisons, as the gender,
age, and back pain history of the participants all differ
somewhat between the studies, as does the number of mo-
tion segments attributed to the lumbar spine. With respect
to the latter, most of the skin-surface devices — CA6000
[11, 13, 29, 37, 41, 46], long-arm goniometers [40], and
inclinometers [53] — measure from the thoracolumbar
junction (T12-L1) to the sacrum, and these obviously give
slightly higher values than when the motion sensors are
placed over the spinous process of L1 and the sacrum, as
is typically done when using the Fastrak [25, 27] or Iso-
trak [8, 9, 10] systems or when the curvature is measured
from L1-2 to L5-S1 with X-rays [12, 34]. Regarding spi-
nal mobility, there appears to be no consensus as to
whether the T12-L1 motion segment should be considered
part of the lumbar spine, although guidelines for the mea-
surement of lumbar ROM [2] recommend its inclusion, as
T11-12 is considered to represent the functional junction
between the thoracic and lumbar regions [5].

The values for lumbar spine range of extension, as
measured with the Spinal Mouse, appear to be somewhat
lower than those reported using other skin-surface de-
vices, although they are relatively close to those deter-
mined using X-ray analysis (Table 3). In our experience
with devices that are affixed to the skin, there is some-
times a tendency for the sensors to tilt backwards under
gravity or for the skin to buckle in standing extension
such that the sensors do not always remain parallel to the
skin surface (in a manner which exaggerates the curvature
of the extended spine). Alternatively, the standing posi-
tion adopted during the present study may not have al-
lowed the achievement of maximal extension, as dis-
cussed earlier in relation to the measurements of thoracic
spine extension. Extension is considered to be a notori-
ously difficult posture to measure using skin-surface de-
vices [32].

Reliability of the lumbar segmental measurements

As might be expected, in view of the smaller angles being
measured, neither the intraexaminer nor interexaminer re-
liability was as good for segmental mobility as for the
global spinal segments. The intraclass correlation coeffi-
cients (ICCs) were high for certain segments, but overall
the reliability for the segmental angles was rather low, with
an average ICC of just 0.6 over all segments. The SEMs
were on average approximately 2-3°, giving a smallest
detectable change of 6-8° (95% confidence level) or 4-5°
(92% confidence level).

We consider this magnitude of error, although similar
to that reported for radiographic measures of segmental
range of motion [15, 33, 44], too high to allow reliable in-
terpretation of individual values and their changes over
time, at least in normal volunteers. Indeed, for some seg-
ments, the error of measurement was greater than the mean
value itself. Nonetheless, it is possible that in patients with
spinal instability and thus abnormally high ranges of mo-
tion for individual segments, the Spinal Mouse may be
sensitive enough to detect such changes. This will be in-
vestigated in our future studies.

The group mean values showed minimal differences
between days or between investigators (Fig.3), which
would tend to suggest that, for a given group of individu-
als, the mean values may still be of use in interpreting
trends for change, for example in response to a given pa-
thology or following surgical intervention. Some of our
preliminary (unpublished) clinical studies have shown mean
changes of 4-6° in the segmental ROF of operated or neigh-
bouring segments after spinal surgery, suggesting that the
device may indeed be sensitive enough to detect relative
change in segmental mobility in specific groups of pa-
tients.
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Fig.4 Comparison of the seg- 18
mental ranges of flexion mea-
sured in the current study with 16

those reported in the literature

Current study, examiner 1
= <= Current study, examiner 2
——[34]
——[30]
—h—[23]
——[38]

L1/2 L2/3

L3/4 L4/5 L5/51

Vertebral level

Validity of the lumbar segmental measurements

The concurrent validity of lumbar segmental ranges of
flexion measured in the current study is difficult to assess,
as few skin-surface devices have been used to examine
segmental angles. Indeed, such small angles are difficult
to measure accurately with the motion analysis devices
typically used for measuring global movements, as the
sensors themselves can be almost as long as the interver-
tebral distances. Earlier attempts to measure segmental
motion from surface changes in back curvature proved to
be unreliable and inaccurate [43], although measures of
regional (i.e. upper vs lower lumbar) mobility were more
successful [5].

The mean values for the segmental ranges of flexion
recorded with the Spinal Mouse, and in particular the rel-
ative differences in segmental mobility along the length of
the lumbar spine, compare reasonably well with those
measured using X-ray films (Fig. 4), with the exception of
the values recorded at L4-5 and L5-S1. In most X-ray
studies, these two lower segments of the lumbar spine
demonstrate the greatest ROF, but with the Spinal Mouse
the greatest mobility was recorded for L3-4. Interestingly,
in the present study, the greatest measurement error was
frequently recorded for the lowest two segments, 1.4-5
and L5-S1. This was also reported to be the case for ra-
diographic measures [15, 22, 44]. Further, in a previous
comparison of radiographic and surface measurements,
the lowest correlations between the two procedures were
found for the segments L4-5 and L5-S1 [43]. If both skin-
surface and radiographic techniques are subject to greatest
error at these lower lumbar levels, it is difficult to ascer-
tain which method yields more accurate results. It is un-
fortunate that this very same region is the one most fre-

quently affected in common disorders of the lumbar spine
and therefore represents the site of greatest clinical inter-
est. Perhaps the performance of some simple Spinal
Mouse measurements as a complementary test procedure
in more invasive studies of segmental motion (in which
motion sensors are attached to pins or wires fixed in the
spinous processes) may shed light on the relative accuracy
of radiographic and skin-surface measurements.

Conclusion

For global regions of the spine, the Spinal Mouse deliv-
ered consistently reliable results for standing curvatures
and ranges of motion both within and between days and
also between investigators. The values compared well with
those previously reported in the literature. This suggests
that the device can be used with confidence in both re-
search and clinical environments for the measurement of
sagittal profile and/or range of motion of global regions of
the spine. It may find clinical application in the assess-
ment of structural deformity associated with, for example,
Scheuermann’s disease, osteoporotic kyphosis, scoliosis, or
flat-back syndrome or in the monitoring of disturbances/
restrictions in movement in connection with ‘mechanical’
spinal disorders such as herniated disc, simple mechanical
back pain, spinal instability, etc. Further, in the areas of
ergonomics, work place, and seating design, the device
may be of use in assessing the spinal curvature associated
with postures commonly adopted during the performance
of given tasks.

As might be expected for the smaller angles being
measured, the segmental ranges of flexion measured with
the Spinal Mouse showed less reliability, as judged by the
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lower ICCs. Their usefulness for the interpretation of
change on an individual basis thus remains questionable.
Nonetheless, the average SEM for between-day measure-
ments was relatively low (approximately 2—3°), and group
mean values showed little between-day differences, sug-
gesting that the examination of mean segmental ranges of

Research Funds.

flexion, for groups of individuals with a given spinal pa-
thology or undergoing some type of intervention, may still
be of clinical relevance.
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