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Abstract

Purpose The radiation-free, noninvasive and computer-assisted Spinal Mouse® (SM) is a reliable and valid measuring instru-
ment for functional analysis of the pediatric spine. The aim of this study was to examine the intra-rater reliability of the SM
measurements in children with cerebral palsy (CP) and to investigate differences after a 1 week of the rehabilitation program.
Methods A total of 168 SM investigations in the sagittal plane and frontal plane at three measurement times from a sample
of 28 children (n=10 girls, age 9.7 +3.1 years) with CP were eligible for evaluation. For the verification of reliability, the
measurement results from the first and second measurement times (¢1, #2) were used at intervals of 1 day. In addition, differ-
ences after the rehabilitation program the patients underwent (#3) were evaluated using the measurement results of the first
and third measurements (5-day interval).

Results The results show good to excellent intra-rater reliability for the SM measurements, both in the sagittal and in the
frontal plane (ICC values =0.69-0.99). Furthermore, significant changes may occur after only 1 week of therapeutic inter-
vention for total spinal inclination (¢1: 12.82 +5.40, £3: 11.11 +£5.60, p=0.014, Cohen’s d=0.43) and spine length (¢1:
401.75 +69.05, 13: 409.25 +63.58, p=0.030, Cohen’s d=0.43).

Conclusions SM can be used to generate reliable values for functional analysis of the spine in children with CP. Furthermore,
significant posture differences can be demonstrated by therapeutic interventions, especially in the spine inclination (Inc)
and spine length (SL).
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SM  Spinal Mouse
SSU  Sagittal sitting upright
TS Thoracic spine

Introduction

Cerebral palsy (CP) is a group of disorders that result from
non-progressive damage to the developing brain [1]. With
an incidence of 2-3 per 1000 live births, it is the most com-
mon cause of childhood and adolescent movement disorder
[2]. Approximately a quarter of the children and adoles-
cents with CP develop neuromuscular scoliosis during their
lifetime and suffer from spinal deformity [3, 4]. Over time,
the deformity can lead to pain, as well as complicating the
motor, pulmonary and cardiac situation due to the lateral
bending of the costal arch toward the iliac crest [5, 6]. Early
detection of scoliosis and severity, measured by the Cobb
angle, is essential to start therapy, such as physiotherapy
(PT) and brace treatment [7, 8]. In order to determine the
Cobb angle, those affected regularly undergo radiographic
X-ray examination since childhood [9, 10]. This screening
contributes to the increased radiation exposure of this patient
population (e.g., due to the radiographic screening for hip
dislocation).

A noninvasive, radiation-free and analog—digital meas-
uring device for measuring the spine surface is the Spinal
Mouse (SM). The SM measurement is a computer-assisted
measurement method that analyzes and displays the mal-
positions, postural weaknesses and mobility of individual
segments of the spine in the sagittal plane (erection, flexion
and extension) as well as in the frontal plane (erection and
lateral flexion to the left and right). Scientific publications
have already demonstrated the validity and reliability of use
in healthy children and adults [4, 11, 12]. The validity of the
SM was determined by comparing the results of the lumbar
segment mobility of X-ray examinations and the SM [4].
Although people who suffer from CP need regular spinal
examinations, there are no studies with SM.

Thus, the primary aim of this study was to investigate the
intra-rater reliability of SM in children and adolescents with
CP. The second aim was to evaluate the possible application
in the rehabilitation program of children with CP.

Method

Study population

The study population consists of children with CP, who par-
ticipated in the rehabilitation program “Auf die Beine” at the

Center for Prevention and Rehabilitation of the University
Hospital of Cologne from November 2017 to January 2018.
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The rehabilitation program “Auf die Beine” had already
been presented in detail in a previous publication [13]. Over-
all, 276 investigations were performed in 46 children with
CP (Gross Motor Function Classification System (GMFCS)
[-1V) in the studied period.

The GMFCS was used to define the level of motor func-
tion of the children with CP. This well-established tool con-
sists of a 5-point ordinal scale, designated as I (best motor
function) to V (worst motor function) [14]. Children with
CP, GMEFCS level I and 11, are free walkers, while children
with CP, GMFCS level III-V, need additional support, or
are unable to walk.

Only measurements in children with GMFCS stages I, 11
and III were further evaluated (39 children). After applying
the additional exclusion criteria (1 not complete investiga-
tion, 3 not independent implementation, 3 stayed longer in
therapy, 4 not understand instruction), another 11 children
were excluded. Totally, 168 investigations with one meas-
urement each in the sagittal and frontal plane with three
consecutive SM assessments (¢1—3), from a sample of 28
children, were eligible for examining the intra-rater reliabil-
ity (Fig. 1). The measurements took place on three different
days—t1 (Monday), 2 (Tuesday) and ¢3 (Friday). The physi-
cal characteristics of the participants are given in Table 1.

The guardians of the respective participant and the partic-
ipants who were able had to sign the permission. The study
was approved by the Ethics Committee of the University of
Cologne (No. 17-326). A detailed description of the registry
can be found at http://www.germanctr.de (DRKS00013759)
which is a primary register of the International Clinical Tri-
als Registry Platform of the World Health Organization.

Spinal Mouse, investigation and variables

The investigations were conducted using the measuring sys-
tem SM of the company idiag (Nr.: DM/043 705, idiag AG,
Fehraltorf, Switzerland) with the Software Version 1.14.0.0,
which is a class 1 medical device (Fig. 2). On the bottom
is a big wheel, which records the length of the spine, and
a potentiometer, which measures the angles relative to the
vertical at a rate of 150 Hz [12]. Due to this type of measur-
ing device, the angular position of the individual vertebrae
can be performed in almost any body position.

For all measurements, the children had to clear their
upper body and sit on a chair. At the beginning, the exam-
iner marked the start and end points (third cervical vertebra
and anus fold). Through a standardized movement task, the
children were asked by the examiner to take certain meas-
urement positions. In total, two measurements were made,
one in the sagittal plane (sagittal sitting upright=SSU) and
one in the frontal plane (frontal sitting upright=FSU). The
following variables, which were also used in other studies
for comparison [11, 15], were assessed for spinal evaluation:
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Investigated subjects (n = 46)

Excluded subjects (n = 18)
Not completed investigation (n = 1)

Not understand instruction (n = 4)
Not independent implementation (n = 3)
GMFCS-Level > lll (n=7)

Inpatient stay > 6 days (n = 3)

v

Included subjects (n= 28)

Fig. 1 Flowchart on sample selection and criteria

Table 1 Study population

Variables Total
Participants (n) 28 (100)
Female (n) 10 (35.7)
Age (years) 9.7 (3.1)
Height (cm) 128.9 (19.8)
Weight (kg) 29.9 (14.9)
GMECS level (n)
I 2(7.1)
I 10 (35.7)
I 16 (57.1)
CP subtype (n)
Bilateral spastic 21 (75.0)
Unilateral spastic 2(7.1)
Dyskinetic 1(3.6)
Ataxic 2(7.1)
Mixed type 2(7.1)

Data presented as mean (SD) or n (%)

thoracic spine (TS), lumbar spine (LS), inclination (Inc) and
spine length (SL). The TS, LS as well as the Inc are regional
angles that result from the sum of the individual segment
angles and are therefore given in angular degrees. The SL is
given in millimeters.

Intra-rater reliability and therapeutic effect

Overall, the subjects were examined within 1 week at three
measuring times (Monday, Tuesday and Friday) with the
SM. Two measurements were taken at the time of each
measurement so that a total of 168 measurements were

Fig.2 Spinal Mouse in lateral view

available for evaluation at the end of the study. To check
the intra-rater reliability, the measurements from the first
(1) and second measurement times (72) were used. Fur-
thermore, the clinical application to evaluate the therapeu-
tic effect of 1-week intensive rehabilitation program on the
spine of children with CP was examined in the study. Dur-
ing the 1-week treatment, the children were given every
day 4 h of goal-oriented PT in combination with vibra-
tion-assisted PT. It was examined whether after 1 week of
therapeutic treatments already an improved spinal column
erection is to be measured. For this analysis, only meas-
urements in the sagittal plane from the first (z1) and third
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measurement times (#3) were used since the clinical expe-
rience so far, especially the trunk erection of the children
improved under the rehabilitation program.

Statistical analysis

We used the intraclass correlation coefficient (ICC) to assess
the inter-day and intra-rater reliability of the SM. Accord-
ing to McGraw and Wong [16], the ICC (C,3) was used
for an adjusted (consistency) two-way random model for
single values. According to Livanelioglu [17], ICC values
between 0.60 and 0.74 reveal a good reproducibility and ICC
values >0.75 an excellent reproducibility, respectively. All
the collected data were first checked for normal distribu-
tion. If these were present, the change in the mean values of
the before—after comparison with the dependent ¢ test was
checked for significance. For results that did not show nor-
mal distribution, the Wilcoxon test was used. By means of
these tests, it was examined whether there were significant
changes in the mean values during the 1-week therapeutic
intervention. Cohen’s d was used to calculate the effect size
[18]. The significance level was < 0.05 for italic values.

To check whether the age or the sex has an influence on
the measurement results, a variance analysis (without repeat
measurement) was performed for the normally distributed
variables. The Kruskal-Wallis test was used for the non-nor-
mal distributed values. Statistical analyses were conducted
using the software SPSS Statistics Version 25 (SPSS Inc.,
Illinois, USA).

Results
Study population

The participants’ demographics are given in Table 1. The
mean age of the children included for investigation was
9.7+3.1 years of age (Table 1). Among the investigated
children, 35.7% were girls. Only the spine length differed
with increasing age (SSU-SL Pearson’s r=0.848, p <0.001;
FSU-SL Pearson’s r=0.856, p <0.001). No statistically sig-
nificant relation of age and gender could be shown with TS,
LS and INC (in SSU and FSU, p=0.069-0.966).

Intra-rater reliability

The calculations of the ICC for all variables showed values
between 0.69 and 0.99 in the sagittal plane and in the frontal
plane (Table 2). Chiefly, the spine length showed ICC values
between 0.96 and 0.99 in both measuring positions.
Furthermore, the ICC values were differentiated relative
to the GMFCS level to see if there were any differences in
the reproducibility by the severity of the CP. Since the group
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Table 2 Reproducibility measures for each parameter

2 ICC [95% CI]

SSU

TS 22.43+12.49 24.29+11.35  0.83[0.63; 0.92]

LS 1.21+18.02 1.68+16.60  0.93[0.85; 0.97]

Inc 12.82+5.40 12.18£5.13 0.70[0.33; 0.86]

SL 401.75+69.05 406.11+64.66  0.99 [0.97; 0.99]
FSU

TS —-5.21+5.69 —-4.04+6.16 0.78 [0.54; 0,89]

LS 0.29+6.25 0.93+6.31 0.87[0.71; 0,94]

Inc —2.54+3.86 —2.75+£3.65 0.69 [0.33; 0,86]

SL 401.29+69.67 402.82+70.35  0.96 [0.90; 0.98]

ICC intraclass coefficient, Inc inclination, FSU frontal sitting upright,
LS lumbar spine, SL spinal length, SSU sagittal sitting upright, 7S
thoracic spine

of probands with a GMFCS level I demonstrated only two
subjects, the groups of subjects with a GMFCS level I and
II were summarized as the “mild” CP group. The analysis
showed no significant differences between children with
mild and moderate CP (GMFCS III).

Therapy effect

The variables SL (¢1: 401.75, £3: 409.25, p=0.014) and Inc
(#1: 12.82,13: 11.11, p=0.030) were in the measuring posi-
tion SSU significant differences between the first and the
third measuring time. The effect size of the SL according
to Cohen’s d was d=0.43 and corresponded to a small to
medium effect size, respectively, and Cohen’s d=0.43 is
also of the variable Inc.

Discussion

In this study, we evaluated the inter-day and intra-rater reli-
ability of the SM in children with CP. The measurements
were taken in the sagittal plane and in the frontal plane using
the SM (idiag AG, Switzerland). By calculating the ICC for
the two measurement times ¢1 and 72, values of 0.69-0.99
could be determined (Table 2). For all ICC calculations of
the parameters, six values were above 0.75. Based on the
study by Livanelioglu and Kellis [11, 17], in which SM was
also used as a measuring instrument for scoliosis research
in boys and in healthy boys, the available ICC scores can
be described as excellent. In the study of Kellis, they found
ICCs ranged from 0.61 to 0.96. Only two parameters of our
study show ICC values between 0.69 and 0.75. These results
are also reliable to good ICC values [17]. In addition, there
was no significant difference in the inter-day and intra-rater
reliabilities between children with mild CP (GMFCS level
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Table 3 Effect of the rehabilitation program on the measured vari-
ables of the Spinal Mouse

t1 13 p value Cohen’s d
SSU
TS 22.34+£12.47 22.18+£10.20 0.881 0.02
LS 1.21+18.02 -0.68+19.03 0.395 0.20
Inc 12.82+5.40 11.11+5.60 0.030 0.43
SL 401.75+£69.05 409.25+63.58  0.014 0.43

Inc inclination, SL spinal length, SSU sagittal sitting upright

[-1T) and moderate CP (GMFCS level III). During the 276
assessments with the SM, no adverse effect had occurred.

To evaluate the therapy effect, the data of the first and
the third measuring time were used for calculation. After
the 1-week intervention through the rehabilitation program,
significant changes in the measurement of SSU for the Inc
and the SL could be shown (Table 3). Both parameters show
a change within the 1-week therapy. The inclination of the
total vertebral column is calculated from the perpendicular
of the imaginary line by the vertebrae C7 and S3—start and
end points of the measurement. Children with healthy backs
ideally have an inclinatory value of almost O in the position
SSU. A significantly smaller value of the inclination at the
time of measurement 73 in an upright sitting position makes
it clear that the subjects were able to assume a more verti-
cal sitting position after 1 week of therapy. For this change,
an effect strength of Cohen’s d=0.43 could be calculated,
which corresponds to a small to medium effect.

The improved spine erection is confirmed with the ana-
lyzed SL value. At the SL, the measured values of 73 show
significantly larger values than at 1. For this parameter,
larger readings correspond to a longer spine. The values
show that the spine has extended on average by almost 1 cm.
A length growth of the spine within a week is to be excluded
in this case. It is believed that the improved erection after
therapeutic intervention in a sagittal seated position made
it possible for the children to be stretched more extensively
and thus the vertebral bodies stood more vertically on top
of each other. A positive therapeutic effect of this rehabilita-
tion program on the gross motor function (assessed by gross
motor function measure) of children with CP was already
reported [19].

Limitations

The study population consisted of participants in the reha-
bilitation program “Auf die Beine.” Although the authors did
not identify any selection bias, it can still not be excluded.
In addition, the dates for the SM examination had to be
subordinate to the time frame of the rehabilitation program.

As a result, the subjects had different therapy applications
before the measurements and it often happened that the
subjects were already very tired from the previous therapy.
Accordingly, the general physical condition also had an
impact on compliance. A further limitation is the under-
standing of the task of movement. Children with CP have
different cognitive prerequisites, making the standardized
test procedure more difficult. It is recommended to conduct
further studies with a larger study population.

The period (1 week) used in this study to evaluate the
effect of the rehabilitation program on posture is too short
to assess effects on scoliosis.

Conclusion

In the present study, it was shown that a functional analysis
of the spine with SM is feasible and safe in children with CP
and that the measurement results show a good to excellent
inter-day and intra-rater reliability. Since the SM is a radi-
ation-free and noninvasive measurement system, multiple
measurements over time to monitor the development of the
spine in children with CP are possible. Therefore, the moni-
toring of the spine in children with CP with the SM might
be a useful supplement to any necessary X-ray examinations.
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