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Abstract

This study aimed to assess the interrater reliability of a developed spinal-mouse (SM) instrument for measuring the
sagittal and frontal planes, as well as the overall range of motion (ROM) of the spine in patients with degenerative
scoliosis (DS) and kyphosis. Measurements were conducted on two groups: subjects with DS, characterized by a spinal
deformity exceeding 20° (n = 10), and subjects with kyphosis, defined by a thoracic kyphosis angle of less than 55° (n =
10). The developed SM was used to evaluate the curvature and mobility of the thoracic and lumbar regions in the sagittal
and frontal planes during flexion/extension and left/right lateral flexion, respectively. Two examiners performed the
measurements on the same day. Interrater reliability was assessed using the intraclass correlation coefficient (ICC), and
the results were compared to radiological measurements conducted independently by two orthopedists. For patients with
kyphosis and DS, interrater ICCs ranged from 0.783 to 0.985 and from 0.791 to 0.933, respectively, with higher reliability
observed in the sagittal plane than in the frontal. The SM measurements and Cobb angle values were consistent between
raters 1 and 2, demonstrating excellent interrater agreement, with 1CCs ranging from 0.860 to 0.924 for kyphosis and
0.833 to 0.889 for DS. Compared to interrater discrepancies in Cobb angle assessments, interobserver variability using the
developed SM was notably lower. The findings suggest that the developed SM is a reliable, effective, and user-friendly
tool for clinical studies and patient follow-up in spinal disorders.
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1.Introduction

The sagittal plane of the vertebral column in a fetus is
curved, with an anterior concave shape and a
posterior convex shape. An anterior concavity
characterises the centre curve of the spinal column.
Throughout an individual's lifetime, the thoracic,
sacral, and coccygeal sections of the spinal column
maintain a fundamental curvature. Secondary
convexity is the progressive curvature that develops
in the cervical and lumbar spine after birth. In adults,
the spinal column exhibits both primary and
secondary curvatures when viewed laterally. The
primary curvature is referred to as kyphosis, while
the secondary curvature is known as lordosis.
However, the terms kyphosis and lordosis should be
used to describe abnormalities of these curvatures
only when applied correctly and within a medical
context [1].

*Author for correspondence

768

Furthermore, age-related muscle loss often leads to
musculoskeletal diseases such as kyphosis. Kyphosis
is a painful musculoskeletal condition characterized
by an abnormal curvature of the spine. It can affect
the muscles, tendons, joints, and nerves [2, 3].

In older adults, kyphosis can lead to various physical
and psychological health issues, including reduced
mobility, loss of physical autonomy, localized pain,
depression, and ultimately a diminished quality of
life [4]. Furthermore, research has shown that older
individuals may occasionally overestimate or
underestimate their actual health status [5, 6].
Notably, some older individuals who report no
physical abnormalities may still have kyphosis,
which significantly contributes to back pain and the
decline in quality of life among this population [4].
Additionally, the spine may exhibit a slight curvature
in the frontal plane, in addition to the normal curves
observed in the sagittal plane. Any lateral deviation
of the spine equal to or greater than 10° is considered
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scoliosis. It is important to note that scoliosis is a
three-dimensional condition, characterized by both
lateral curvature and rotational deformity of the spine
[1]. Changes in the structure and appearance of the
vertebral body characterise structural scoliosis. A
vertebral shape change leads to rotational motion,
which is particularly noticeable when the change
occurs in the thoracic area of the spine [7]. Scoliosis
is a musculoskeletal disorder that can affect
individuals of all ages. There are different types of
scoliosis based on the age at which it occurs: infantile
scoliosis (0-3 years), juvenile scoliosis (3-10 years),
and adolescent scoliosis (11 years until skeletal
maturity or the first sign of puberty) [8].

There is also a type known as degenerative scoliosis
(DS), which develops as a result of aging and occurs
after skeletal maturation in a previously healthy
spine. Scoliosis often demonstrates degenerative
features after age 40 since the combined effects of
ageing and the degradation of the spine lead to the
development of scoliosis. Additional variables that
contribute to the condition include inflammation of
the facet joints and disc space narrowing. DS is
commonly associated with osteoporosis, particularly
in women, as the alterations gradually accumulate,
resulting in the spine deforming into a curved shape
over time [9].

Radiography is the predominant method used to
evaluate and diagnose spine deformities and monitor
their progression [10, 11]. Patients with kyphosis,
lordosis, or DS must undergo several spine
radiographs during their clinical follow-up. Despite
the availability of new techniques, such as EOS two-
dimensional (2D)/ three-dimensional (3D) vector
analysis systems [12], which allow for lower
radiation doses, the evaluation of curvatures still
relies on the use of the Cobb angle. However, it is
essential to note that this method poses a risk of
spinal cancer [13-15].

Non-invasive and radiation-free instruments have
been developed to objectively evaluate physiological
spinal curvatures, assess abnormalities, and perform
measurements across the superficial layers of the
skin. The most widely recognized tools include the
inclinometer, electrogoniometer, kyphometer, 3D
ultrasound,  rasterstereography, = computer-aided
systems, and photogrammetry [16-19].

The spinal-mouse (SM) is a non-invasive, external
device that has been designed to assess the curve and
angle of the spine in both the frontal and sagittal
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planes. The spine's range of motion (ROM) is another
measurement it takes [20-23].

The developed SM has not been employed in any
investigations to assess abnormal spinal curvatures,
including kyphosis and DS. The objective of this
investigation was to evaluate the reliability and
precision of the SM device by comparing the results
to the Cobb angle and designing and developing it.
The goal was to assess the ROM and spinal
curvatures in the sagittal and frontal planes of
individuals with DS and kyphosis.

The rest of the paper is organized as follows. The
literature review is presented in Section 2. Materials
and methods are described in Section 3. Results are
demonstrated in Section 4. The findings are discussed
in Section 5. Finally, the conclusion is provided in
Section 6.

2.Literature review

Numerous studies have examined the reliability and
validity of SM in individuals without reported pain.
The primary and most extensive investigation was
carried out by Post and Leferink [24] who evaluated
111 people to assess the same-day inter-rater
reliability for global and segmental ROM in spinal
flexion and extension. Despite global flexion and
extension demonstrating exceptional reliability, with
intraclass correlation coefficients (ICCs) of 0.95 and
0.92, respectively, there was inadequate agreement (k
= 0.22) in identifying when segmental flexion and
extension values deviated from the normalized values
supplied by the computerized system.

Subsequent research has largely corroborated the
initial findings of Post and Leferink [24]. The
between-day intra-rater and inter-rater reliability of
global and segmental spinal ROM evaluation using
the SM device has been assessed in two studies
involving 81 children and 20 adults. These studies
reported comparable ICCs, indicating strong
reliability for global ROM evaluation, with pooled
intra-rater 1CCs ranging from 0.57 to 0.96 and inter-
rater ICCs ranging from 0.62 to 0.94 [25, 26]. Both
investigations also reported similar standard errors of
measurement (SEM) for spinal ROM, typically
between 10% and 15%, though occasionally
exceeding 20% [25, 26]. While consistently high
reliability has been demonstrated for global spinal
ROM evaluation using the SM device, notable
variability in reliability has been observed in
segmental spinal ROM assessments [25, 26].
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Mannion et al. [25] revealed that the intra-rater and
inter-rater reliability for segmental flexion varied
from poor to good, with reliability coefficients
ranging from 0.39 to 0.90 and 0.28 to 0.81,
respectively. The standard error of the mean for these
measurements averaged 2.3°.

Zafereo et al. [27] conducted a study to evaluate the
reliability of spinal ROM assessment using an SM
device. The study included 20 individuals with low
back pain (LBP) and 20 adults without LBP, matched
by age and sex. The researchers evaluated both intra-
rater reliability on the same day and inter-rater
reliability. Global thoracic and lumbar flexion and
extension end-range motion assessment in patients
with LBP showed fair-to-high intra-rater reliability
(ICC = 0.76-0.96) and good-to-high inter-rater
reliability (ICC = 0.82-0.98). Interrater reliability for
segmental lumbar flexion assessments in individuals
with LBP was fair to high (ICC = 0.77-0.93). No
notable variations were observed in global thoracic
and lumbar flexion or extension end-range mobility
between people with and without LBP.

Livanelioglu et al. [28] executed a study to evaluate
the reliability and accuracy of Cobb angle and SM
measurements in individuals with adolescent
idiopathic scoliosis (AIS). The study included fifty-
one patients with AIS who received conservative
treatment. Two physiotherapists evaluated frontal
plane curvatures utilizing SM, and the results were
compared with radiography data. Two orthopaedic
surgeons performed radiographic assessments. The
interobserver and intraobserver reliability of the
Cobb and SM measurements was exceptional (ICC =
0.872-0.962). When comparing the assessment
discrepancies, the interobserver standard deviation
(SD) of measurement differences was lower than the
interobserver Cobb angle discrepancies (p = 0.003).
The concordance between the Cobb and SM readings
was more excellent for curves over 40°. A robust or
powerful correlation has been identified between
measures obtained using the Cobb and SM
techniques (p < 0.0001).

Roghani et al. [23] undertook a study to evaluate the
interrater reliability of the SM in assessing standing
sagittal curvature and total spinal mobility in older
women, both with and without hyperkyphosis.
Measurements were performed on 19 women with
hyperkyphosis (thoracic kyphosis angle >50°) and 14
women without hyperkyphosis (thoracic kyphosis
angle <50°). Evaluations were performed by the
identical assessor over two days, separated by a 72-
hour interval. ICCs ranged from 0.89 to 0.99 in both
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cohorts. The SEM ranged from 1.02° to 2.06° in the
hyperkyphosis group and from 1.15° to 2.22° in the
normal group. The minimal detectable change ranged
from 2.85° to 5.73° in the hyperkyphosis group and
from 3.20° to 6.17° in the normal group. The findings
demonstrated that the SM has better intra-rater
reliability in assessing sagittal thoracic and lumbar
curvature and spinal mobility in older women.

Walaa and Walaa [29] conducted a study to
determine the incidence of scoliosis and to
investigate the correlation between  scoliosis
prevalence and the increasing academic level among
physical therapy students at Majmaah University,
Saudi Arabia. A total of one hundred fifty-two
students in physical therapy were evaluated. Ninety-
two of the students were female, whereas sixty were
male. The SM assessed the curvature of the student's
spine in the frontal plane. The prevalence of scoliosis
among physical therapy students at Majmaah
University was significantly high at 31.5%,
particularly among female students, with a female-to-
male ratio of 3:1. There was a strong connection
between the prevalence of scoliosis and the amount
of education among female students. Female physical
therapy students are more prone to developing
scoliosis than male students throughout various
stages of the physical therapy program.

Azevedo et al. conducted a study in 2022 [30] to
investigate the correlation between spinal postural
angles in the sagittal plane and stable static balance
and, in 2023 [31], to find out the prevalence of
discomfort in the back. A cross-sectional study was
performed in 2019 with 1463 children and
adolescents from schools in northern Portugal. The
SM was utilized to evaluate posture. The findings
indicated that spinal postural angles are inadequate
predictors of stabilometric factors. Regarding back
pain, elevating the postural angle of the thoracic
spine raises the odds ratio of experiencing back pain
by 3% [30]. Fifty per cent of the participants
encountered back pain at least once during their
lifetime. The lumbar and thoracic spines were the
most  commonly  referenced,  predominantly
associated with mild to moderate pain intensities.
Age, female sex, body fat percentage, extended use
of smartphones and computers, hyperkyphosis, and
left lateral global spinal tilt are all associated with an
increased relative risk of back discomfort. Regular
engagement in physical activity or sports, as well as
video games, confers a protective benefit [31].
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Colati et al. [20] analyzed alterations in spine motion
utilizing the SM. Measurements were conducted
before and following an osteopathic treatment with
varying spinal column postures on healthy
individuals. The assessment was conducted on the
exposed spine in the following postures: standing,
static flexion, dynamic flexion, and during the static
Matthiass test, which involves sustaining the standing
position with arms extended while holding a 1 kg
weight. The spinal tilt was assessed in degrees, and
height alterations (measured in mm) were observed in
the specified postures before and after the osteopathic
therapy. Enhancements have been noted in spine
inclination (measured in degrees) and in the length of
vertebral metameres (measured in millimetres) while
in an upright position (T<0.04 and T<0.04). A
general increase in tilt (measured in degrees) was
observed during the static bending position (T<0.05)
and in the thoracic region during the Matthias test
(T<0.02). The current study demonstrated that
osteopathic treatment enhanced spinal mobility in
terms of tilt (measured in degrees) and length
(measured in  millimetres), assessed in various
situations.

Popova-ramova et al. [32] evaluated the prevalence
of poor posture among schoolchildren by clinical
assessment tests and SM software. The evaluation
encompassed 840 children across nine basic school
classes, utilizing four clinical examinations
conducted in a standardized manner, together with
SM device software. Test 2 exhibited the highest
positivity rate in class 2, whereas Test 1
demonstrated a positivity rate of 75% across the
population. The frequency of positive tests across
classrooms was insignificant (p > 0.05). However,
the percentage of total children with positive tests
was significant. School screening tests provide only
qualitative measurements and are not utilized for
condition assessment; however, the SM device is
crucial for the early identification of poor posture in
schoolchildren.

Topalidou et al. [33] evaluated the test-retest
reliability of the SM for assessing spinal curvatures,
mobility, and functionality. The test-retest reliability
was evaluated in 50 persons experiencing back or
lower back discomfort. Twenty-four characteristics
were examined in the sagittal and frontal planes. In
the sagittal plane, 22 of the 24 metrics demonstrated
high and good dependability, whereas only two
exhibited fair and poor reliability. In the frontal
plane, 17 parameters exhibited high and good
dependability, five showed acceptable reliability, and
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two were rated as inadequate. The SM demonstrated
exceptional test-retest reliability in the sagittal plane
while exhibiting marginally worse performance in the
frontal plane regarding assessing spinal curvatures,
deformation, and mobility.

Ruthard et al. [34] assessed the intra-rater reliability
of the SM assessments in children with cerebral palsy
(CP) and investigated differences following one week
of a rehabilitation program. 168 SM examinations in
the sagittal and frontal planes at three measurement
intervals from a sample of 28 children with CP were
deemed appropriate for evaluation. The findings
indicate substantial intra-rater reliability for the SM
measurements in both the sagittal and frontal planes
(ICC values = 0.69-0.99). SM can be utilized to
produce dependable metrics for the functional study
of the spine in pediatric patients with CP.

Okanishi et al. [35] analyzed the characteristics of
postural alterations in pregnant versus non-pregnant
women. The study group comprised fifteen women in
the 17-34-week gestational period, while the control
group included ten non-pregnant female volunteers.
Spinal curvature was assessed using SM to determine
the averages of sacral inclination, thoracic curvature,
and lumbar curvature and inclination. Eleven
pregnant women had postural traits of lumbar
kyphosis and sacral posterior inclination. Body
inclination exhibited diverse patterns in contrast to
those observed in healthy women. Spinal curvature
exhibited a propensity for lumbar kyphosis in
pregnant women. Pregnancy can induce alterations in
spine curvature and posture, potentially resulting in
significant problems.

Jung et al. [36] examined the relationship between
SM (continuous measurement), Flexicurve, and
Arcometer (selected measurement). Ninety healthy
subjects were assessed for thoracic kyphosis using
non-radiological measuring  instruments  (SM,
Flexicurve, and Arcometer). The association between
SM and Flexicurve assessments of thoracic kyphosis
was substantial (ICC=0.53, 95% CI1=0.37-0.67). The
correlation between the SM and Arcometer readings
of thoracic kyphosis was substantial (ICC=0.58, 95%
Cl1=0.42-0.70). The average discrepancy between the
SM and Arcometer was 12.70 degrees, whereas the
difference between the SM and Flexicurve was 23.83.
Although Flexicurve and Arcometer correlate
strongly with the SM, their agreement is inadequate.
Consequently, physical therapists must use caution
when interpreting the outcomes.
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Demir et al. [21] examined the reliability of the SM
device in frontal and sagittal measurements among
asymptomatic female teenagers. The survey was
comprised of 28 female students from high school
institutions in  Antalya that were comparable.
Measurements were conducted using the SM device
in both the frontal and sagittal planes at a one-week
interval. This investigation revealed that the test-
retest findings for thoracic and Ilumbar region
measurements in the frontal plane exhibited moderate
reliability (ICC: 0.591-0.665), while those in the
sagittal plane showed strong reliability (ICC: 0.867-
0.876). This study revealed that the test-retest
findings for thoracic and lumbar area measures in the
frontal plane exhibited reasonable reliability. The
test-retest outcomes for the thoracic and lumbar
curves in the sagittal plane demonstrated strong
reliability.

In summary, several research initiatives have created
technology designed to observe and evaluate the
movement and functionality of the spinal column and
analyse its curvature. This review aims to elucidate

the reliability of the SM for assessing the spine in
different age groups, as shown by the tests and
studies previously described. According to current
investigations, this study concludes that evaluation of
SM is essential for medical applications such as
evaluating the efficacy of the spinal function and, in
instances, necessitating frequent exams, such as the
surveillance of scoliosis and kyphosis.

3.Materials and methods

3.1Hardware and software design

The device is constructed using easily accessible and
cost-effective components. The circuit components
are interconnected to provide the intended
functionality of each element. The electrical circuit of
the proposed system is shown in the system
schematic diagram illustrated in Figure 1. The circuit
is described in detail, including each component, its
function, and the interface with the microcontroller.
The software integrates easily into the hardware
system, serving as an essential component of the
entire system.

1]

Bluetooth
Module

Rotary encoder
Sensor

MPU-6050
Sensor

Toggle
Switch

s DC-DC

Charge
Controller

Figure 1Schematic diagram of the developed system

The Arduino Nano, a microcontroller with
dimensions of 45x18 mm, was employed as a
compact development board to facilitate seamless
integration with other device components [37]. This
integration aimed to minimise the device's
dimensions, enhancing portability. The angle
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between the two vertebrae and the angle of the
thoracic segment and the lumbar segment were
measured using a 3-axis Gyroscope sensor, namely
the GY-521 MPU6050 model. The sensor detects the
inclination of the X, Y, and Z axes. It has dimensions
of 4x4x0.9 mm [38]. The MPU6050 can be
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calibrated by designing a base, on which the device is
placed after each examination so that the Gyroscope
value is zeroed due to its horizontal orientation. Prior
to any investigation, the sensor axes within the device
are set to zero.

The rotary encoder, model E38, Incremental type,
was used to measure the displacement of the device
on the spine. It has an outside diameter of 38 mm and
a shaft diameter of 6 mm. This particular encoder
was chosen for calculating linear displacement due to
its cost-effectiveness, low maintenance needs,
exceptional resistance to noise [39].

To calibrate the encoder and calculate the distance, a
mark was affixed to the wheel with a diameter of 60
mm. The wheel was then traversed over a ruler and
advanced by 800 pulses, signifying a full rotation.
The encoder traversed a distance of 23 cm, then
converted to millimetres. The value of 230 mm was
divided by 800 pulses, yielding a ratio of 0.2875. The
quantity of pulses produced during the encoder's
revolution on the patient's back is multiplied by
0.2875 and thereafter translated to millimetres. As a
result, the distance has been quantified in millimetres
rather than pulses [40].

The suggested device used a Bluetooth module, the
HC-06 model, to facilitate wireless data transmission
to the computer. The HC-06 is the optimal selection
for wireless communications within short distances.
It was employed for wireless communications within
a range of under 100 m. This specific type of
Bluetooth technology is readily accessible in the
market at an affordable price. Furthermore, it can
transmit data at a maximum rate of 2.1 MB/s [41].
Bluetooth and Wi-Fi both use the 2.4 GHz frequency
band. On the other hand, the 2.4 GHz band is free of
signal interference while using Bluetooth, in contrast
to Wi-Fi [42].

The proposed device used a rechargeable lithium-ion
battery, namely the 18650 model, with a voltage
range of 3.6 to 3.7 volts. The battery was activated by
toggling the switch to the "on" position. This battery
is lightweight, easily storable, has good energy
density, and experiences minimal energy loss during
periods of inactivity, with an efficiency of up to 99.9
per cent [43]. The 18650 battery has a life cycle of
around 300 charge cycles [44].

Nevertheless, the Arduino Nano microprocessor
functions at a voltage of 5V [45]. Consequently, a
DC-DC charge controller, measuring 27x17x1 mm,
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has been incorporated into this system to regulate the
voltage. The charger has an input voltage range of 4.5
V to 5.5 V and has been designed for charging single-
cell lithium-ion batteries. It offers both constant-
current and constant-voltage charging [46].

Furthermore, two input buttons are integrated into the
proposed device, each connected to pins D6 and D7
of the Arduino Nano microcontroller. The top button
is used to capture the position and angle of the
current vertebra, while the bottom button restores the
angle of the previously recorded vertebra. These
buttons enhance examiner comfort during the
assessment, as the device only records data when the
examiner has identified the correct position. The
process involves the examiner pressing the top button
to log the reading, moving the device to the next
vertebra, and repeating the action—thus enabling a
vertebra-by-vertebra measurement of the spine.

Furthermore, these buttons minimise discrepancies in
error rates among examiners when the duration of
button pressing varies. Specifically, the reading of the
pertinent vertebra is just recorded and does not
transition to the next vertebra until the examiner
removes their hand from the button. The bottom
button is positioned to make it easier to adjust the
reading in case the examiner makes a mistake in
selecting a vertebra.

For the software component of the proposed system,
Visual Studio was utilized, with Visual Basic as the
programming language. The mechanical designs of
the system were created using SolidWorks software
(version 2022), as illustrated in Figure 2. These
designs were subsequently fabricated using a 3D
printer based on fused deposition modelling (FDM)
technology, employing polylactic acid (PLA) as the
printing material. PLA is a biodegradable polymer
derived from renewable resources such as corn,
sugarcane, wheat, and rice. It is both eco-friendly and
non-toxic. Additionally, its lightweight properties
help reduce the overall weight of the device,
enhancing portability and ease of use for the
examiner. PLA filament has gained widespread
popularity in the field of 3D printing, particularly for
FDM applications [47].

The dimensions of the device structure, including the
wheel, are as follows: height = 8 cm, width = 8 cm,
length = 13 cm, and wheel diameter = 60 mm, as
illustrated in Figure 3. The base of the device has
dimensions of height = 4 cm, width = 10 c¢cm, and
length = 20 cm, also shown in Figure 3.
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An extanal wheel attached to
the encoder shaft facilitates
the movement of the
proposed device

Figure 2 Design using the SolidWorks program
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Figure 3 The developed device with the base

3.2Measured parameters

The parameters that were measured are as follows:

e The thoracic kyphosis angle (the sum of 11
segmental angles from Th1/2 to Th11/12).

e The lumbar lordosis angle (the sum of 6 segmental
angles from Th12/L1 to L5/S1) (kyphotic angles
are expressed as positive values, lordotic angles as
negative values).

e The L5/sacral spine angle.

o The sacral spine/hip angle in both the frontal plane
(left lateral flexion and right lateral flexion
positions) and the sagittal plane (flexion and
extension positions).

The back's length and spin mobility, which are
equivalent to a ROM, have been measured. Two
dynamic signals have been incorporated to improve
the examiner's visual perception during the
examination and to validate the correct execution of
the assessment. One signal indicates the pitch angle
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for calculating the frontal plane, while the other
suggests the roll angle for calculating the sagittal
plane, Figure 4 displays the software program's user
interface (UI).

3.3Study population

This study included 20 patients aged over 55 years.
The first group consisted of 10 women diagnosed
with DS, and the second group had ten men
diagnosed with kyphosis. All patients had a Cobb
angle > 20°. These patients were selected based on
the inclusion criteria at outpatient clinic from March
2024 to July 2024. The healthcare provider collected
the patient's medical history and noted their
demographic information, as shown in Table 1,
followed by a thorough examination and x-ray for
patients diagnosed with DS and kyphosis. The study
was conducted after obtaining ethical approval and
permission from the Al-Nahrain University Internal
Review Board. Every patient has read and agreed to
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the informed consent form. The exclusion criteria for
this trial encompassed congenital anomalies such as
hemivertebra, prior spinal surgery, skin folds or scars
that might limit the approach's application, and
curvature deformities not associated with DS or

.. B 2556

(@)

Table 1 Demographic characteristics of the 20 participants

kyphosis.  Participants  with a  history of
neuromuscular, cardiovascular, pulmonary,
vestibular, or rheumatological diseases were also
excluded, as shown in Figure 5.

. B 24.82

(b)
Figure 4 Analysis of measurement findings obtained with the developed SM and subsequently transferred to the
computer, (a) front view, and (b) side view

Variables ]()nS =G;00u);‘)1 le:I-ig)SaI 5 Group
Age (years) 60.51 +2.44 62.34 +3.62

Body height (cm) 156.50 +4.14 176.70 +4.42

Body weight (kg) 59.30+4.32 81.00 +3.49

Body mass index (BMI) (kg/m?) 24.25+2.16 25.93+£0.75

a = Mean + standard deviation.

Examined participants
(n=45)

A

Excluded (n = 25)
[J  Not meeting inclusion
criteria(n = 9)
Refused to take part (n

O
a = 8)
[J  Not finished the
investigation (n = 6)
O

Not comprehend
instructions (n=2)

\4

Included participants
(n=20)

Figure 5 Flowchart illustrating the process of
selecting samples and the criteria used for selection
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3.4Radiological measurements

The traditional Cobb angle evaluation method
identifies the upper and lower-end vertebrae
(UEV/LEV) on a full-spine anteroposterior X-ray
picture. Afterwards, vertical lines are placed at the
corresponding endplate lines of the upper and lower
end vertebrae (UEVEL/LEVEL). The Cobb angle
refers to the angle formed between these two vertical
lines [48]. Frontal plane X-rays were collected from
C1 to the coccyx. The X-ray indicated the location of
the cranial and caudal vertebrae. Subsequently, a line
was delineated from the endplate of each spine to
quantify the maximum angle [49], as shown in
Figure 6(A). X-ray images of the patients' spines
were obtained using a Shimadzu Mobile X-Ray
System (MUX-100H, Japan). After centring the X-
ray kyphotic angle at T8, a modified Cobb technique
was used with a fixed cutoff of T4 and T12 (Figure
6(B)). The modified Cobb method uses a
predetermined cutoff of T4 and T12 because T1-T3
are not visible on lateral spine films [50, 51] as much
as the original Cobb method, which used inflexion
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angles to determine the upper and lower bounds for
line positioning [52]. When it was not possible to see
vertebrae 4 and 12, the next closest visible one was
used as a stand-in; this was usually vertebra T5 in the
case of T4 and vertebra T11 in the case of T12.

Two orthopedic specialists assessed the Cobb angle
on radiographs, which showed anteroposterior
scoliosis and lateral kyphosis. The printed
radiographs were positioned on a lightbox, and the
primary angle was determined by precise
measurements using a pen, ruler, and protractor [53].
Because the film measurements for the X-ray
machine are 17x17, it is difficult to photograph the

3.55M measurement

The proposed device transmits data to the computer
using Bluetooth, and the computer display shows the
measured curvatures. The approach is safe and poses
no medical risks or dangers. The device is equipped
with a rolling wheel that follows the spinous process,
allowing for easy movement of the developed SM
along the spine. It is also connected to a rotary
encoder to determine the distance of the spine and an
MPUG050  sensor that detects inclination.
Transmission of data from the device to a personal
computer allows for the computation of spinal angles,
distances between vertebrae, and the sum of the
angles formed by the frontal and sagittal planes.
Additionally, the program is employed to determine
the ROM. The collected data is transferred
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whole length of the spine, including the vertebrae of
the thoracic and lumbar regions. To resolve this
issue, it is necessary to capture a photograph of each
segment, which entails the acquisition of two images
for each plane to measure the Cobb angle for each
section individually. However, this approach results
in many readings, necessitating more effort and time
to categorise and organise them. Following that, the
developed SM assessment findings were contrasted
among their own, as well as the Cobb angle
evaluations performed by the first observer (Cobb 1),
considered the "gold standard" and conducted by a
doctor with years of clinical results, to evaluate the
accuracy and consistency of the developed SM.

(b)
Figure 6 (a) AP radiograph of a patient with Cobb angle of scoliosis. (b) Lateral radiograph of a patient with Cobb
angle of kyphosis

immediately to a PC, producing a 2-D graphical spine
picture. The PC used to gather information was
roughly 1.5 meters from the registration place.
During the data transmission via Bluetooth, no
additional radios or cell phones were present in the
measuring room to avoid the risk of interfering. Two
investigators with differing degrees of clinical skill
performed the developed SM measures to improve
the assessment of the effects of experiences. The first
physiotherapist had six years of clinical experience,
whereas the succeeding one had three years of
clinical experience. The measures were conducted in
a calm and adequately illuminated setting, devoid of
distractions for both the participant and the examiner.
The participants were told to adopt a symmetrical
stance, equally dispersing their weight across both
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feet to the maximum extent feasible. Consistent
methodology was employed for all measurements
conducted in a standardised sequence. Initially, the
processus spinosus of the C7 was identified through
manual examination and marked using a cosmetic
pen. Subsequently, the initial physiotherapist
positioned a marker from the C7 to S1 vertebrae
while the patient maintained an upright stance in the
anatomical position. The developed SM was then
elevated along the spinal landmarks as the device
moved from the stationary segment of the spine
(proximal) to the mobile segment (distal).

Following the initial assessment by the first
examiner, the second examiner assessed the patient in
an identical posture. Each physiotherapist conducted
two repetitions of measures for each patient, resulting
in four measurements per patient. The mean for each
examiner was then taken. The sagittal plane for
assessing patients with kyphosis is demonstrated
when the subject stands upright with feet in line and
approximately shoulder-width wide. The hands must
be aligned in an anatomy-correct position parallel to
the trunk. b) The participant was instructed to achieve
maximum body flexion while standing, with their
knees completely straight, and lower their hands in a
parallel manner as if trying to touch their toes. They
were directed to maintain this position temporarily. c)
The examiner was instructed to fully extend their legs
and execute a complete backward torso extension
while keeping their head upright and sustaining this
posture, as shown in Figure 7.

Frontal plane to measure the patients with DS: a) In
the upright position, the subject was asked to put
their hands parallel to the body in an anatomical
posture, keep their head straight, and position their
feet parallel and shoulder-width apart. b) During left

lateral flexion, the participant was instructed to
incline their torso to the left while maintaining a
uniform weight balance on both feet. c) Each
participant received instructions for uniform weight
distribution on both feet while laterally bending their
body to the right.

In the sagittal plane, there are two curvatures of the
spine: the thoracic curvature, which includes the
vertebrae T1-T12, and the lumbar curvature, which
includes the vertebrae L1-L5. The examiner
evaluated these attributes in all positions, including
extension (Ext) and full flexion (Flex). Furthermore,
the device's software was employed to assess spinal
mobility and the aforementioned attributes for the
subsequent movements: The ROM encompasses
transitioning from an upright posture to full flexion
(UF), from an upright stance to full extension (UE),
and from full flexion to full extension (FE).

In the frontal plane, the spine exhibits two types of
curvatures: the thoracic curvature, encompassing the
vertebrae T1-T12, and the lumbar curvature,
comprising the vertebrae L1-L5. Both the left and
right lateral flexions were analysed by the examiner
in every position. In addition, the device software
was used to determine the mobility of the spine and
the parameters above for the following movements:
The movements include transitioning from an upright
stance to complete leftward flexion (UL),
transitioning from an upright stance to complete
rightward flexion (UR), and transitioning from
complete leftward flexion to complete rightward
flexion (LR). The measurements were conducted in
the morning to mitigate potential patient position
variations caused by weariness, stress, psychological
issues, and other related circumstances.

(a) (b)
Figure 7 Evaluation of the spine in the sagittal plane with the developed SM, a) patient's kyphosis, in b) upright, c)
flexion, and d) extension positions
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3.6Analysis of statistics

Descriptive statistical statistics, such as the mean +
SD, were represented using the patients' demographic
information and measurement findings. The
statistical studies were conducted using the IBM
SPSS 21 software package. The reliability of
measuring the length and angle of the back in the
sagittal and frontal planes and the ROM was
evaluated using the inter-rater reliability analysis.
This analysis used ICC and 95% confidence intervals
(CI). The inter-rater reliability, specifically the ICC
(2, k) 2-way-random with an average measure (k = 2
examiners), quantifies the variation between two or
more examiners when evaluating the same group of
individuals.

Generally, a higher ICC value indicates more
excellent reliability, ranging from 0 to 1. A number
below 0.40 for the ICC was categorised as poor,
while a value between 0.40 and 0.59 was regarded as
fair. A value between 0.60 and 0.74 was classified as
good, and a value between 0.75 and 1.00 was
considered excellent [54].

Descriptive statistics, such as the mean + SD, were
used to represent the patients' demographic
information and measurement findings. Statistical
analyses were performed using the IBM SPSS
Statistics software package, version 21. The
reliability of measuring spinal length and angle in the
sagittal and frontal planes, as well as the ROM, was
evaluated using inter-rater reliability analysis. This
analysis employed the ICC along with 95% CI.
Specifically, the ICC (2, k) model—a two-way
random-effects model with average measures (k = 2

examiners)—was used to quantify the agreement
between two examiners assessing the same group of
individuals. In general, higher ICC values indicate
greater reliability, with values ranging from 0 to 1.
ICC values were interpreted as follows [54]:

Below 0.40: Poor

e Between 0.40 and 0.59: Fair

e Between 0.60 and 0.74: Good

e Between 0.75 and 1.00: Excellent

4.Results

The study population comprised two cohorts of
individuals: 10 men with kyphosis (mean kyphosis
angle = 53°, SD = 20.74°) and 10 women with DS.
Among those with DS, 30% had bilateral curvature
deformity, while 70% had unilateral curvature
deformity. The deformity was located on the left side
in 60% (6 out of 10) of cases and on the right side in
40% (4 out of 10) of cases. In the kyphosis group, the
average age was 62.34, with SD of 3.62. The average
age in the DS group was 60.51, with SD of 2.44
(Table 1).

4.1Sagittal plane

Patients who had kyphosis performed measurements
in the sagittal plane while in upright, flexion, and
extension positions, and their ROM was also
assessed. All sagittal plane metrics showed no
notable variance among initial and later assessments
for the kyphosis group. All the parameters have a
demonstrated high level of reliability, ranging from
0.783 to 0.985, as shown in Table 2. Figure 8
presents a box plot comparing the 1st rater and 2nd
rater in the sagittal plane.

Table 2 The variables of spinal function and motion in the sagittal plane among kyphotic individuals (n=10), as

measured by the developed SM

Variables 1st Examine (A Degree)

2nd Examine (A Degree)

ICC [95% Cl]

Up Thor 51..839 +11.362

51. 007 +11.407

0.946 [0.905-0.970]

Up Lumbar -34. 839 + 10.067 -36.775 +£12.981 0.867 [0.725-0.936]
Flex Thor 70.478 +12.542 69.581 + 11.416 0.897[0.811-0.941]
Flex Lumbar 12.763 + 18.754 12.000 + 19.852 0.982 [0.964-0.990]
Ext Thor 45.189 + 15.800 44.645 +16.104 0.959 [0.925-0.975]
Ext Lumbar -38.600 + 16.000 -39.871 +18.438 0.783 [0.549-0.895]
UF Incl 80.902 + 17.893 79.516 + 20.840 0.975 [0.958-0.983]
UE Incl -13.450 +10.840 -13.710 £ 9.107 0.966 [0.924-0.988]
FE Incl 97.670 +8.070 96.129 + 11.864 0.985 [0.965-0.992]

The first and second examinations are provided as mean + SD. ICC stands for the intra-class correlation coefficient. Cl stands for

confidence interval, Inclination Angle= Incl
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The inter-rater reliability in the sagittal plane
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Figure 8 A box plot comparing the 1% rater and 2" rater of the inter-rater reliability in the sagittal plane

4.2Frontal plane

Patients with DS were assessed in the frontal plane
while upright and during right and left lateral flexion
positions, and their ROM was evaluated. Except for
the variables right and left lumbar, there were no
significant differences in the measurements for
practically all parameters in Table 3. The ICC

calculation ~ demonstrated  reduced  reliability
compared to sagittal plane measurements in Table 2.
All the parameters have a demonstrated high level of
reliability, ranging from 0.791 to 0.933, as shown in
Table 3. Figure 9 presents a box plot comparing the
1%trater and 2" rater in the frontal plane.

Table 3 The variables of spinal function and motion in the frontal plane among participants with DS (n=10) are

assessed using the developed SM

Variables 15T Examine (A Degree)  2"P Examine (A Degree) ICC [95% CI]

Upright Thor 17.452 +5.999 16.255 + 6.184 0.879 [0.749-0.942]
Upright Lumbar 25.545 + 5.569 23.903 + 4.096 0.807 [0.703-0.931]
Left Thor 74.095 + 4.990 72.993 +3.732 0.827 [0.703-0.910]
Left Lumbar 20.980 + 12.800 17.971 +10.109 0.791 [0.683-0.880]
Right Thor -29.672 £6.230 -27.916 £5. 752 0.927 [0.943-0.951]
Right Lumbar -13.942 + 4.890 -8.900 + 2.105 0.804 [0.593-0.905]
UL Incl -32.004 £13.910 -30.974 £12.301 0.894 [0.785-0.933]
UR Incl 9.943 +13.436 9.210 + 13.582 0.912 [0.799-0.943]
LR Incl 24673 +21.831 23..503 £ 20.982 0.933 [0.861-0.968]

DS denotes degenerative scoliosis. The first and second examinations are provided as mean + SD. ICC stands for the intra-class
correlation coefficient. Cl stands for confidence interval, Inclination Angle= Incl

4.3Cobb angle

The thoracic angle (Upright Thoracic) of patients
diagnosed with kyphosis in the upright position in the
sagittal plane, as shown in Table 2, was measured by
two examiners and compared to the Cobb angle
obtained from lateral thoracic X-ray images assessed
by two orthopedists. Similarly, the same two
examiners evaluated the lumbar angle (Upright
Lumbar) of patients with DS in the upright position
in the frontal plane, as presented in Table 3. This
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comparison was made against the Cobb angle
determined by two orthopedists using anterior-
posterior thoracic X-rays, due to the higher
prevalence of lumbar deformities among the patients.
The mean Cobb angle measured by the first
orthopedist (Cobb 1), considered the standard
reference, was 55.086 + 20.742 for kyphosis and
26.545 + 15.569 for DS, as shown in Table 4.
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The examination time using the developed device
was shorter than that required for X-ray assessment.
Spinal alignment evaluation via X-ray involves
multiple steps: obtaining the image, followed by
manual Cobb angle measurement by an orthopedic
specialist. In contrast, the developed SM device
enables faster assessment, requiring only a skilled
physiotherapist to identify the vertebral landmarks.
The device then automatically calculates the vertebral
angles, streamlining the measurement process.

Analysis of multiple measurements revealed a little
discrepancy in the Cobb-angle readings recorded by
two orthopedics from identical radiography.
Nonetheless, different raters detected no variance in
the SM measures. No disparity was observed
between the Cobb-one estimation and the developed

SM readings obtained by the two investigators. In
addition, a high level of agreement was observed
between examiners for both the developed SM and
Cobb angle measurements. The ICC ranged from
0.860 to 0.924 for kyphosis and from 0.833 to 0.889
for DS, indicating good reliability, as presented in
Table 5. Figure 10 illustrates a Bland—Altman plot
that compares the agreement between the Cobb angle
and the measurements obtained using the developed
SM. Figure 11 presents a scatter plot comparing the
Cobb angle and the developed SM measurements for
patients with Kkyphosis and scoliosis. The plot
demonstrates a strong positive correlation between
the two methods, with data points closely following
the line of best fit. This further confirms the
concurrent validity of the developed SM against the
radiographic gold standard.

The inter-rater reliability in the frontal plane

80 74.095

60

40

20

Measured P arameters

Comparing the 1°st rater aand 2”*nd rater

Il Series1 M Series2

Figure 9 A boxplot comparing the 1t rater and 2" rater of the inter-rater reliability in the frontal plane

Table 4 Distribution, comparison, and agreement of the developed SM and Cobb measurements

Parameter MEAN = SD ICC [95% CI]
. 1st observer 53.086 +20.742
Kyphosis = d observer 55.908 + 17.619 0-91210.834-0.979]
Interrater Cobb
DS 1st observer 26.545 +15.569 0.802 [0.705-0.927]
2nd observer 29.903 + 14.096 ) ) )
. 1st observer 51..839 +13.362
Interrater the Kyphosis 2nd observer 51.007 +12.407 0.946 [0.905-0.970]
developed SM DS 1st observer 25.545 £12.569 0.807 [0.703-0.931]

2nd observer

23.903 +9.096

DS denotes degenerative scoliosis. The first and second evaluations are provided as mean + SD. ICC stands for the intra-class
correlation coefficient. Cl stands for confidence interval
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Figure 10 A Bland-Altman plot between Cobb angle and the developed SM agreement for (a) kyphosis, and (b) DS
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Figure 11 Scatter plot comparing the developed SM measurements with Cobb angle values for (a) kyphosis and (b)

DS

Table 5 The agreement of assessment outcomes

Approaches ICC [95% CI]
s
T
5.Discussion Upon reviewing the literature, it is evident that

This study evaluated the reliability of the developed
SM device in detecting spinal curvature and mobility
for assessing scoliosis in patients with degenerative
conditions, as well as in individuals with kyphosis.
The findings suggested that the developed SM
approach is both valid and reliable.
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radiographic examination is the most widely
acknowledged approach for diagnosing scoliosis and
kyphosis and tracking their development. The Cobb
angle measurement is the most accurate way to
evaluate the degree of curvature, which is considered
the gold standard [48, 55].
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Researchers have devised multiple techniques and
instruments to safeguard patients from the adverse
consequences of x-rays [15]. Additionally, the need
to reduce radiation exposure for the general
community and patients has spurred the advancement
of alternative assessment methods. Some devices for
measuring spinal curvature include the scoliometer,
flexible curve ruler, debrunner kyphometer,
photographer gadget, raster stereography, and 3D
ultrasound. Many such methods fail to examine the
spine as a cohesive entity. In contrast, they
selectively capture a segment, usually concentrating
on the thoracic or lumbar spine. Simultaneously, they
yield outcomes solely within a single dimension [56].
The current study on the developed SM focuses
mainly on assessing the inter-rater reliability for
evaluating spinal curvature and movement,
particularly in the sagittal and frontal planes. The
study also compared the outcomes of these
evaluations with the Cobb angle measurement.

At 0.75, outstanding reliability can be distinguished
from fair-to-good reliability, while at 0.4, fair-to-
good reliability can be distinguished from lousy
reliability [57]; this assessment indicates that the
developed SM would offer much enhanced and
nearly exceptional reliability. More precisely, the
evaluation in the sagittal plane demonstrated
excellent reliability. For patients diagnosed with
kyphosis, the interrater ICCs ranged from 0.783 to
0.985.

The ICCs were calculated to be 0.783; this ICC value
indicates that the measurement of the curvature of the
lower back in a fully extended position referred to as
Ext Lumbar, showed good reliability. Compared to
earlier research, one possible reason for the lower
reliability values of Ext Lumbar measurements could
be the frequent cases where the developed SM did
not keep complete contact with the patient's back.
Although the motion assessment was carried out with
great precision in these instances, the irregular
contact of the device with the patient's spine may
have led to measurement mistakes that could have
affected the stated reliabilities. In a separate study,
the developed SM's inter-rater reliability was
assessed in healthy individuals and those with
chronic spinal fractures but no neurological deficits.
The study focused on inclination, flexion, and
extension measurements in the sagittal plane. The
results indicated that the ICC ranged from 0.92 to
0.95 [24]. Furthermore, the ICCs from complete
flexion to complete extension were determined to be
0.76 during the measurements [24]. The present
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research analysed the factors influencing the spine's
ROM in the sagittal plane, from complete flexion to
complete extension (FE Incl.). The findings indicated
that the 1CCs for this ROM were 0.985, with a range
of 0.965 to 0.992.

The evaluation of the created SM in the frontal plane
demonstrated slightly lower validity compared to the
sagittal plane. For DS patients, the interrater ICCs
ranged from 0.791 to 0.933. The ICCs demonstrated
0.791, 0.804, and 0.807 in the left lateral, right
lateral, and upright lumbar positions, respectively,
likely due to the incomplete contact between the
developed SM and the patient's lumbar region.

The existing method is an effective instrument for
assessing deformities of the side spinal curves,
particularly scoliosis, in the frontal plane. A potential
explanation for the higher global interrater reliability
observed in this study compared to previous reports
is that every examiner can use identical skin marks
for their evaluations. Mannion et al. [25] discovered
that employing identical skin markings for mobility
evaluations yielded more reliability than utilising
skin markings independently applied by each tester.
In addition, the study [24] used a potentiometer to
assess the angle and tilt of the spine. However, the
accuracy of this sensor's measurements depends on
the examiner's grip on the device. Moreover, since
the sensor calculates the angle relative to the vertical,
the results may vary when multiple examiners handle
the device and pass it over the patient's back. This
study addressed the issue by using an MPUG6050
gyroscope sensor to measure the angle between the
vertebrae. This method eliminates reliance on the
examiner’s grip and removes the need for examiner
intervention.

This investigation showed a notable disparity in the
Cobb  measurements conducted by different
examiners. However, no variation was observed in
the interrater results for the developed SM. The
developed SM outcomes did not differ considerably
from the Cobb 1 results. The association between the
developed SM and Cobb measures and the interrater
developed SM results for sagittal and frontal planes
was exceptionally strong. The association between x-
ray data and the developed SM has demonstrated that
the developed SM is reliable for measuring scoliosis
and kyphosis. Multiple investigators have assessed
potential variations in Cobb angle measurements. The
mean values indicate that the variation in Cobb
measurements among individuals is comparable to
that in the developed SM measurements from Cobb
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values. One unique feature is that the developed SM
readings from different examiners have fewer
difference angles than any other discrepancy angle,
which shows that the developed SM is reliable. Over
time, patients with scoliosis experience deformities in
their vertebrae. The enlarged discs on the concave
side undergo atrophy, whilst the developing discs on
the convex side undergo hypertrophy. As time passes,
the spinous structures undergo deformation and
eventually move towards the concave side of the
curve [58]. The developed SM gadget uses the
palpable spinous structures as reference points. Errors
are minimised by employing this method. A complete
list of abbreviations is listed in Appendix I.

Limitations

One limitation of this study is the use of a single rater
to consistently mark the spinous processes for motion
assessment, which was intended to control for
confounding variables. While this approach enhanced
the internal accuracy of the results, it limited the
ability to evaluate inter-observer variability—an
important consideration for clinical reproducibility,
as patients would need to be re-evaluated by different
clinicians during follow-up assessments.
Additionally, all evaluations were conducted on the
same day, which restricts the generalizability of the
reliability findings. The consistency of spinal
mobility measurements using the developed SM
device over multiple days remains unverified.
Another critical factor influencing measurement
accuracy with the developed SM device is the precise
identification of the spinous processes and the
smooth, consistent movement of the device over
these anatomical landmarks. The accuracy of
vertebral labeling and measurement reliability may
be affected by the subject’s BMI and the amount of
overlying soft tissue. Further limitations include
potential discrepancies in readings during extension
measurements when subjects experienced discomfort
or imbalance due to repeated testing. Moreover,
during forward flexion, the expansion of skin
markings caused contact between adjacent vertebral
marks, resulting in  occasional misreadings.
Environmental factors, such as temperature and
humidity, also influence the performance of the
developed SM device. To mitigate this, all
measurements were carried out in a controlled
environment.

Overall, to minimize human error and ensure reliable
outcomes, spinal assessments using the developed
SM should be performed with a high level of
concentration, precision, and examiner expertise.
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6.Conclusion and future work

The findings of this study indicate that the developed
SM device demonstrates exceptionally high interrater
reliability in assessing spinal curvature in both the
sagittal and frontal planes, as well as spinal mobility
in individuals with kyphosis and DS. While
radiographic evaluation remains the gold standard for
clinical decision-making, particularly in cases
requiring surgical intervention, the developed SM
proves to be a valuable tool for follow-up
assessments.

The device was designed to facilitate the tracking of
spinal curvature in studies involving the progression
of various spinal disorders and the effectiveness of
corresponding treatments. Its use significantly
reduces the need for repeated radiographic imaging,
thereby minimizing patient exposure to radiation
during routine follow-up visits. In this context, the
developed SM appears to be a suitable method for
non-invasive  spinal evaluation by healthcare
professionals, including physiotherapists. This study
contributes to the development of evaluation tools for
diagnosing and monitoring patients with DS and
kyphosis and represents the first investigation to
validate this approach specifically in this patient
population.

Below are some recommendations which may be

taken into account for future work:

1. Additional research with a more significant
number of participants is proposed.

2. Research may also be conducted to examine the
influence of deformity type, namely in the
sagittal plane (kyphosis) or the frontal plane
(scoliosis), on gender, whether male or female.
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Appendix |

S. No. Abbreviation Description

1 Adolescent Idiopathic

AlS Scoliosis

2 BMI Body Mass Index

3 Cl Confidence Interval

4 CP Cerebral Palsy

5 DS Degenerative Scoliosis

6 FE Incl. Fluxion to Extension
Inclination Angle

7 FDM Fused Deposition Modelling

8 ICC Intraclass Correlation
Coefficient

9 LBP Low Back Pain

10 LR Leftward Flexion to Rightward
Flexion

11 PLA Polylactic Acid

12 ROM Range of Motion

13 SD Standard Deviation

14 SEM Standard Errors of
Measurement

15 SM Spinal-Mouse

16 UE Upright Stance to  Full
Extension

17 UEV/LEV Upper and Lower-End
Vertebrae

18 UF Upright to Fluxion

19 UL Upright to Leftward Fluxion

20 UR Upright to Rightward Fluxion

21 2D Two Dimensional

22 3D Three Dimensional




