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Abstract Low back pain is regarded as the primary cause
of occupational disability in many countries worldwide.
However, there is a lack of valid assessment of kinematic
spine and trunk parameters to provide further insight into
occupational spine loads. A new 3-dimensional mobile
measurement system (3D-SpineMoveGuard) was devel-
oped and evaluated by means of repeated dynamic and
isometric trunk positions by 10 male and 10 female vol-
unteers. The interclass correlation coefficient indicates high
test—retest reliability (r = 0.975-0.999) of the 3D-Spine-
MoveGuard. Moreover, analysis of wvalidity revealed
almost identical results for the new measurement system.
The evaluation study indicates a good scientific quality for
the use in occupational task analyses. The objective
assessment of indirectly measured spine and trunk kine-
matics will give further insight to predict and prevent
job-related spine loads.
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Introduction

About 80% of the population in industrialized countries
will suffer from back pain during their lifetime [1, 2]. Back
pain is not only restricted to the elderly: highest injury rates
are documented for mid-agers of the working population
[3, 4]. Low back pain is estimated to be the number one
disabling injury in Germany and many other countries
[2, 5]. Moreover, once a person is affected by severe back
pain it often reoccurs within the next years [6].

The primary occupational risk factors for low back pain
are biomechanical stressors such as lifting, bending,
twisting, awkward postures, isometric postures, high fre-
quent actions, etc. Additionally, many “psycho-social
stressors” are documented as co-factors; however, they are
more likely to be involved in the recurrence of the initial
biomechanical caused injury [7-9]. Low back pain is a
multifactorial syndrome which makes the identification of
work-related risk factors difficult.

Thus, the valid assessment of occupational risk factors is
of paramount importance and has been part of recent sci-
entific studies [10-12]. The focus of direct measurement
systems was the analysis of spine loads resulting from load
bearing occupational demands. However, only a few sys-
tems consider the kinematic demands of the job. As a result
only occupational activities with high physical workloads
have been adequately evaluated. In addition, epidemio-
logical studies revealed that unspecific low back pain is not
only linked to load bearing tasks. Awkward postures
(bending, twisting, rotating) and kinematic specifications
like repetitive movements or isometric postures are also
highly correlated to low back pain [5, 9, 13-15]. Yet, for
the overwhelming majority of job tasks or workplaces there
is no way to derive occupational risk indicators for the
spine from work-specific postures and movements of spine
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and trunk. Moreover, most existing measurement systems
consist of relatively bulky sensors. These hardware
requirements make it difficult to use the systems in occu-
pational environments without encumbering the worker.
Neither can they be used in differing situations (standing,
sitting, walking, etc.). The use of the same system in dif-
ferent workplaces, however, would enable the comparison
of spine-related risk indicators [16]. Furthermore, to extend
the knowledge about work-related spine loads as a pre-
dictor of low back pain, a valid and reliable measurement
system is necessary to quantify data of trunk and spine
postures and movements [5, 17, 18].

The general aim of the study was the development of a
lightweight, mobile measurement system for assessing
postures and movements of trunk and spine. The sono-
Sens® Monitor (Friendly Sensor AG, Jena, Germany) was
used to assess 3D movements and postures within the three
spinal segments [cervical (CS), thoracic (TS) and lumbar
(LS)] [19-21]. To record sagittal trunk inclination as an
important parameter to predict occupation-related risk
indicators for the spine an inclinometer was added to the
system [10, 13]. Besides these hardware requirements, a
new data analysing software was developed to standardize
the evaluation of dynamic or isometric trunk action.

The present paper gives a concise description of the
technical specifications of the new 3D-SpineMoveGuard
(3D-SMGQG) and presents the results of the evaluation study.
Additionally, the objectively calculated kinematic param-
eters will be discussed in order to assess spine-related risk
indicators at the workplace.

Materials and methods

Components of the 3D-SpineMovementGuard
(3D-SMG)

sonoSens® Monitor

The sonoSens® Monitor is an ultrasound-based measure-
ment device which is largely described elsewhere [19-21].
In brief: four pairs of ultrasound transmitters and receivers
(diameter 20 mm, height 4 mm) were fixated on the skin
(Fig. 1) with adhesive tape. For each channel the “skin
distance” (shorter or longer traveling times of the ultrasound
signal through the skin) between transmitter and receiver is
determined at a sampling rate of 10 Hz. Transmitters
and receivers are cable-connected to a small data logger.
Variations in inter-transmitter skin distance represent
changes in spine positions within the associated spine seg-
ment. The data points of the 12-channel system represent a
3D model (sagittal-, frontal- and horizontal plane) of the
external spine curvature. Data can be recorded for up to 10 h.
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To document the direction (“flexion”/“extension”,
“right”/“left”) of movements or postures the signals were
made comparable by software algorithms (“JSpinal” is
described below) to the spine segment lengths in the refer-
ence position “upright body position” (see below). During
this process, the dimension of data is changed from milli-
meters to percentage. With regard to the indices below (SLI,
FLI, HLI) upright standing is set to the segment specific
value “0” [21]. Positive values represent flexion (sagit-
tal = SLI), right lateral flexion (frontal = FLI) or right
rotation (horizontal = HLI), negative values vice versa.

Sagittal length index (SLI):
[Left channel (mm) + right channel (mm)]/2

- — x 100
Segment length in reference position (mm)
Frontal length index (FLI):
[Left channel (mm) — right channel (mm)] « 100

Segment length in reference position (mm)

Horizontal length index (HLI):
[Diagonal channel 1(mm) — diagonal channel 2 (mm)]

Segment length in reference position (mm)
x 100

ultrasound
signal

ultrasound
transmitter/
receiver

inclinometer

Fig. 1 Standardised positions of the ultrasound transmitters and
receivers as well as inclinometer position. Each transmitter sends a
vertical and diagonal coded signal to capture position differences
between transmitter/receiver of CS, TS and LS. Changes in the
sagittal and frontal body plane are captured by the vertical signal.
Differences in the horizontal plane are recorded by the diagonal
channel. CS cervical spine, TS thoracic spine, LS lumbar spine
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Inclinometer

Forward and backward bending of the trunk is an important
factor to assess spine exposure [14, 22]. Recent studies have
shown the advantages of sagittal posture measurements by
inclinometer within the region of the lumbar spine [17, 23].
Because the sonoSens® Monitor cannot assess sagittal
trunk inclination independent of spine movements, it was
necessary to integrate a sagittal inclinometer. An one-
dimensional capacitive dielectric liquid based inclinometer
(NA4-70, Seika Mikrosystemtechnik GmbH, Kempten,
Germany) was fit into a plastic box [50 mm x 50 mm x
32 mm (length x width x height) weight: 70 g]. The box
was taped to the skin with the top edge at the middle of the
spinous process of the second lumbar vertebra (Fig. 1). The
inclinometer is connected via cable to a data logger.
The range of measurement was adjusted between +110°
and —30° (flexion/extension). Data was captured at a
sampling rate of 10 Hz for durations of up to 10 h.

Data analysing software “JSpinal”

A new Java™ based data analysing software (JSpinal) was
developed to:

e merge and synchronize data of the different measure-
ment devices (sonoSens® Monitor, inclinometer and
heart rate monitor),

e aggregate data and standardize documentation, data
screening and pre-processing of the row data,

e export the merged and pre-processed dataset to statis-
tical software and/or database applications.

The most important step of this software project was the
implementation of algorithms to derive and calculate
magnitude, duration, direction and velocity of every single
spine and trunk motion as well as to derive and calculate
duration and position of every single isometric spine and
trunk posture (Fig. 2).

Algorithm (1) motion analysis Data segments were clas-
sified as “motion” if a continuous increase or decrease (from
data point to data point) of intersegmental spine length
exceeded a defined threshold. Furthermore, interruptions of
spine movements were accepted within a time offset of 0.5 s
(for example, to exclude artifacts of movement).

Algorithm (2) isometric analysis Data segments were
classified as “isometric” if the defined threshold were not
exceeded by the consecutive data points (opposite situation
of motion analysis). No interruptions were accepted to
prolong isometric duration.

Both algorithms were continuously applied to all chan-
nels of the dataset.

motion |

isometric

[

SLI TS (%)
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|
magnitude

| duration |
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Fig. 2 Example of the relative 3D-SMG signal within the sagittal
plane (SLI) of the thoracic spine. Automatically detected segments of
motion (magnitude, direction, duration and velocity) and isometric
(duration and position) are marked

Evaluation study

Purpose of the study was the scientific evaluation of the
newly developed hardware and software components of
the 3D-SMG by means of reference positions. Because the
measurement technology is identical for different body
planes and spine regions (cervical, thoracic and lumbar
spine), only the data for sagittal postures and movements of
spine and trunk will be shown to evaluate the system:

e Test-retest reliability.
e Validity.

Data of the frontal and horizontal plane are shown in the
appendix (Table 4).

Subjects

20 young adult volunteers without any history of chronic or
severe nor acute back pain participated in the study
(Table 1). The majority of the participants were active or
former physical education students. Before testing, all
volunteers were informed about aim, scope and procedures
of the study and gave their written consent. The study was
evaluated and accepted by the ethics commission of the
German Sport University.

Reference positions

The following samples of static and dynamic reference
positions were derived and used to evaluate the 3D-SMG
(Fig. 3):

e Position 1: finger—floor distance (dynamic) was
assessed by maximum flexion of the upper body.
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Table 1 Biometric characteristics of the 20 volunteers

Variable Men (n = 10) Women (n = 10)

Mean + SD Range Mean + SD Range
Age, years 29+ 5 22-36 27 + 4 22-36
Body weight, kg 754 £5.8 68.5-89.0 643 £5.7 57.0-75.0
Body height, m  1.80 £ 0.04 1.75-1.86 1.72 £ 0.08 1.56-1.81
BMI, kg/m? 232 +19 207272 218+ 1.6 19.0-234

Values are means = SD

Subjects stood on top of a platform and kept their legs
straight during the flexion.

Test procedure Five repetitions of maximum finger—
floor distance tests were performed. The maximum
time of flexion was set to 15 s. Resting periods were
also set to 15 s in an upright body position.
Measurements Distance from the fingertips to the
platform-level was assessed with a tape measure.
Same, positive or negative distances (0 or =cm) for
every repetition were recorded.

“Schober’s measure” was assessed with a tape
measure as the maximum prolongation of the signed
skin markers from the upright body position to the
fully flexed body position.

The 3D-SMG was used to determine differences in LS
curvature within the sagittal plane by relative (%)
length changes compared to the upright body position.

Fig. 3 Reference positions
used: finger—floor distance was
repeated 5 times in a row;
positions 2—4 were performed
consecutively and this sequence
was repeated 5 times

g
S
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Moreover, trunk inclination was assessed by means of
maximum degree in the flexed body position.

Position 2: Prone position (static) was assessed on a
gymnastic pad in a defined posture; the hands were
placed on top of each other. The forehead rested on top of
the crossed hands. The legs were kept straight while the
feet were in an external rotation with the heels touching.

Test procedure The prone position was kept for 15 s
and repeated five times. Between the trials one
repetition of “upright standing position” and “70°-
flexion” had to be performed.

Measurements The 3D-SMG was used to assess
relative changes in spine curvature within the sagittal
plane of LS and TS. Moreover, trunk inclination was
recorded to compare upper body position from trial
to trial.

Position 3: Upright standing position (static) was
assessed in a defined posture; feet were placed in a
hip-wide position, knees straight, arms hanging relaxed
at the side of the trunk and the head was held according
to the Frankfurt horizontal [24].

Test procedure The standing position had to be kept for
15 s and repeated five times. Between the trials one
repetition of “70°-flexion” and “prone position” had to
be performed.

Measurements The 3D-SMG was used to assess relative
changes in spine curvature within the sagittal plane of
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CS, TS and LS. Moreover, trunk inclination was
recorded to compare upper body position from trial to
trial.

e Position 4: 70°-flexion (dynamic) was assessed in a
defined movement procedure; feet were placed in a hip-
wide position, knees straight and the arms being held
relaxed in front of the body. Furthermore, a flat screen
monitor was put in front of the feet that showed the
degree position of the inclinometer.

Test procedure Starting from an upright position the
volunteers were instructed to bend forward slowly until
they could see “70°” on the monitor. This “70°-
position” was to be kept for 15 s. The procedure was
repeated five times. Between the trials one repetition of
“prone position” and “upright standing position” had
to be performed.

Measurements The 3D-SMG was used to assess
relative spine curvature changes within the sagittal
plane of LS and TS. Moreover, trunk inclination was
recorded to compare upper body position from trial to
trial.

The whole study followed a fixed protocol from the
standardized instrumentation and placement of the sensors
until the end of the repetition of each reference position. In
addition to the described reference positions, postures and
movements in the frontal and horizontal plane were also
recorded (Appendix Table 4). However, due to the identi-
cal technical conditions and to preserve readability only the
data within the sagittal plane are described in the “Results”
section.

Data management and statistical analyses

Data from each test (3D-SMG, Schober’s sign or finger—
floor distance) were extracted with the developed software
“JSpinal” for every single trial.

Statistical analyses were performed using SPSS™ 17.0.
Normal distribution was assessed by Kolmogorov—Smirnov
test. Pearson correlation coefficient () was used to calcu-
late bivariate relations. In addition, to assess the reliability
of the data, the interclass correlation coefficient (ICC) was
calculated for the five posture repetitions. Analysis of
variance (ANOVA) for repeated measures was used to
assess group differences. If the main factor revealed sig-
nificant differences post hoc analyses (Newman—Keuls
test) were used for multiple cell comparison. The signifi-
cance level was chosen at p < 0.05.

According to statistical standards reliability was rated as
“poor” for r < 0.8, “fair” for r = 0.8-0.9 and “good” for
r > 0.9 [25]. Validity was assumed, if ANOVA for repe-
ated measures yield consistent results within individual and
different measurements.

Results

The Kolmogorov—Smirnov test confirmed normal distri-
butions of the data for all variables.

A generic time-course of 3D-SMG signals during the
assessment of finger—floor distance is shown in Fig. 4. The
corresponding data analysis revealed uniform results for all
parameters: significant within- and between-subject effects
were confirmed for the factor “test repetition” by ANOVA
for repeated measures (p < 0.05). Table 2 shows a con-
tinuous decrease in finger—floor distance and a corre-
sponding increase in Schober’s measure, sagittal spine
curvature (SLI LS) and inclination of the trunk. To esti-
mate reliability of the system, ICC was calculated for all
measures. Significant correlation coefficients could be
obtained for every investigated variable (Table 3).

Data analysis (ANOVA) of the prone position revealed
significance in between-subject effects only (p < 0.05);
within the subjects, prone positions were almost identical
(p > 0.05; Table 2). Moreover, with regard to the standard
values of reliability, ICCs indicate good and significant
(p < 0.05) correlations (Table 3). The results of the second
static reference position “upright standing” show neither
between- nor within-subject differences for each parameter
(p > 0.05; Table 2). Furthermore, ICCs of the upright
standing positions reveal significant (p < 0.05) fair to good
correlation coefficients (Table 3).

Data of the 3D-SMG device and Schober’s measure
indicate almost identical characteristics for the dynamic
reference position 70°-flexion: within the subjects, no dif-
ference in the means could be found from repetition to
repetition (p > 0.05; Table 2). Values differ only between
the participants (p < 0.05). In accordance with ANOVA,

e e SLILS(%)

Finger floor distance test Trunk inclination (%)
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Fig. 4 Example of time-course data from sagittal movements of the
lumbar spine (SLI LS) and corresponding trunk inclination during the
finger—floor distance test. The value “0” represents the upright body
position; positive values indicate spine flexion (SLI LS dotted line) or
forward bending of the trunk (solid line). Data are presented as
individual case example (n = 1) for the five test repetitions
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Table 2 Mean values (Y) and standard deviations (SD) of measurements during each final posture in the reference positions (n = 20)

Measurements

Test repetitions and reference positions

X SD X SD X SD X SD X SD

“Finger—floor distance”

finger—floor distance (cm) -1.9 10.3 -33 9.9 —4.0 9.9 —4.8 9.4 —5.4 94

Schober’s sign (cm) 15.6 1.0 15.7 1.0 15.8 1.0 15.8 1.0 15.8 1.0

SLILS (%) 35.7 9.2 36.0 94 36.3 94 36.6 9.5 36.7 9.6

Trunk inclination (°) 96.5 9.6 97.2 94 97.9 9.3 98.6 9.1 98.7 8.8
“Prone position”

SLI TS (%) 3.87 2.28 4.27 2.51 4.06 2.97 4.29 2.67 4.59 2.67

SLI LS (%) 1.19 4.24 0.19 4.38 0.86 4.87 1.37 4.10 1.51 4.61

Trunk inclination (°) 81.6 4.07 81.6 4.07 81.7 4.35 81.8 4.26 81.7 4.58
“Upright standing”

SLI CS (%) 0.20 1.81 —0.20 1.42 0.00 0.00 —0.34 1.91 —0.11 1.95

SLI TS (%) 0.03 0.70 0.04 0.44 0.00 0.00 0.15 0.66 0.28 0.79

SLILS (%) 0.60 2.57 0.37 1.13 0.00 0.00 0.45 1.21 0.01 1.40

Trunk inclination (°) 0.18 1.38 0.05 1.17 0.00 0.00 0.37 1.30 0.25 1.27
“70°-flexion”

Schober’s sign (cm) 15.3 0.9 15.3 0.9 15.3 0.9 15.3 0.9 15.3 0.9

SLILS (%) 32.9 9.4 324 94 32.7 9.4 32.6 9.5 32.7 9.5

Trunk inclination (°) 70 - 70 - 70 - 70 - 70 -

Data are shown for test repetition 1-5
SLI sagittal length index

ICC revealed high and significant associations (p < 0.05;
Table 3). Due to the test procedure the values of the
inclinometer were excluded from analysis because no
within- nor between-subject differences could be expected.

The generic analyses of dynamic and isometric parame-
ters of the 3D-SMG were performed by extracting kinematic
characteristics of the lumbar spine (LS) during the 70°-
flexion test. Data analysis revealed that flexion and
re-extension of the trunk was achieved by mean magnitudes
of 31.8 &£ 9.6% and 32.6 &+ 9.3% (p > 0.05; Fig. 5). The
magnitudes were constant for each volunteer (p > 0.05) but
differed significantly between subjects (p < 0.05). Para-
meters of ICC indicate a strong and significant relation of
the magnitudes from repetition to repetition for flexion
and extension movements, respectively (r = 0.993 and
r = 0.991; p < 0.05). Moreover, the isometric positions in a
70°-trunk flexion were kept for 8.6 & 0.1 s. Figure 6 illus-
trates the duration and the LS position of the five isometric
phases in 70°-trunk flexion. Statistics of isometric LS posi-
tion can be taken from Tables 2 and 3 (part “70°-flexion”).

Discussion

A simple and reproducible test procedure was chosen to
evaluate the new measurement system. One-dimensional
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reference positions were defined to reduce possible bias of
complex and hardly reproducible postures and movements
[25]. Parameters of different sensors (ultrasound and
inclinometer), manually taken measurements (finger—floor
distance, Schober’s measure) as well as a biofeedback
procedure (70°-flexion) were drawn upon to assess
repeatability and validity of the 3D-SMG.

Data analysis revealed identical characteristics for all
measures within the same reference positions: The data of the
3D-SMG were highly and significantly correlated (ICC
0.975-0.999) among themselves and in accordance with
further manually obtained measures (ICC 0.996-1.000).
With regard to the evaluation criteria validity, the equal
results of the ANOVA for repeated measures document the
accordance of 3D-SMG parameters and external measures.
Thus, the results indicate a strong validity of the 3D-SMG for
the assessment of trunk inclination and spine curvature in any
given body posture. The results of the current study are
consistent with the analyses of former studies with the basic
ultrasound system (sonoSens® Monitor), whose reproduc-
ibility has already been rated as “good” or “very good” for
short- and long-term test—retest reliability [19, 20]. However,
theses evaluations were done without an inclinometer and the
kinematic analysis of the new software “JSpinal”.

The present study is limited by the fact that there is no
“gold standard” to assess spine movements. 3-D camera
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Table 3 Bivariate data correlation as documented by Pearsons correlation coefficients for test repetition 1 versus 2, 2 versus 3, 3 versus 4, 4

versus 5 and 1 versus 5

Measurements Reference positions
1vs.2(r) 2 vs. 3 (r) 3vs. 4 (r) 4vs.5(r) 1vs.5(r) ICC (R)
“Finger—floor distance”
finger—floor distance (cm) 0.993 0.993 0.997 0.994 0.971 0.997
Schober’s sign (cm) 0.983 0.994 0.987 0.992 0.966 0.996
SLILS (%) 0.997 1.000 0.999 0.999 0.992 0.999
Trunk inclination (°) 0.992 0.990 0.990 0.994 0.943 0.995
“Prone position”
SLI TS (%) 0.809 0.772 0.950 0.964 0.921 0.975
SLI LS (%) 0.956 0.957 0.950 0.973 0.853 0.983
Trunk inclination (°) 0.876 0.961 0.961 0.964 0.811 0.981
“Upright standing”
SLI CS (%) 0.759 0.787 0.736 0.828 0.861 0.880
SLI TS (%) 0.910 0.845 0.839 0.869 0.897 0.975
SLI LS (%) 0.886 0.943 0.923 0.897 0.912 0.983
Trunk inclination (°) 0.943 0.967 0.966 0.985 0.918 0.981
“70°-flexion”
Schober’s sign (cm) 0.999 0.999 1.000 1.000 0.999 1.000
SLILS (%) 0.965 0.999 1.000 1.000 0.965 0.994

Trunk inclination (°) - _

SLI sagittal length index

Every correlation coefficient yielded significant results (p < 0.05; n = 20). Test-retest reliability was rated by the interclass correlation
coefficient (ICC). Each ICC yielded significant results (p < 0.05; n = 20)

systems [26, 27] could have been an alternative to validate
the 3D-SMG. However, they bear very high costs (ineffi-
ciency) and were not available for this study [28]. None-
theless, the selected reference positions were chosen by a
scientific expert committee. It cannot be excluded that
there might be some better postures or movements to
reduce methodical bias. Nevertheless, the present study
used a standardized and efficient protocol, which yielded
consistent results over different methods. In general, the
indirect measures captured at the surface of the skin are
limited by the fact that the assumed spine kinematics may
not represent the real movements of the spine. The data
could also be biased by the varying thickness of subcuta-
neous fat and the probably non-uniform distributed soft
tissue. However, non-invasive methods provide sufficient
validity and contribute to volunteer compliance [20, 29].
In addition to these methodical quality criteria, the new
software package of the 3D-SMG is able to analyse the
data for isometric and dynamic trunk and spine action. To
the best of our knowledge the 3D-SMG is the first mobile
measurement device to objectively assess kinematic crite-
ria of spine and trunk in three dimensions. The current
examples indicate the reproducibility of both dynamic
(magnitude and direction of movements) and isometric
(duration and position of static postures) parameters.

Kinematic trunk and spine parameters are of paramount
importance to evaluate spine-related risk indicators at the
workplace. As mentioned in the introduction, only weight-
bearing tasks can be drawn upon to document occupation-
specific strain on the lower back. In industrial workplaces,
however, the overwhelming majority of employees are not
primarily affected by load bearing tasks [30]. Monotonous,
unilateral tasks with static or repetitive demands are
common in industrial jobs [5, 23]. Moreover, epidemio-
logical studies have frequently assessed occupation-
specific body postures by questionnaire [5, 9, 13-15].
Multivariate data analysis of these studies revealed high
risk ratios for awkward body postures or movements with
regard to recurrence of low back pain, frequent pain epi-
sodes, etc. Although there is strong evidence of these
kinematic stressors, a valid data base is missing to quantify
occupation-specific characteristics of trunk and spine
dynamics.

Occupation-specific analysis with the 3D-SMG will
provide new insights in these yet unquantifiable parameters
of movement and posture at the workplace. The detailed
analyses of different spine segments, three dimensional
movements or postures and the continuous, real-time data
assessment will provide a valid database to rate occupa-
tion-specific risk indicators from the spine [31]. In
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70°-flexion-test: "'Magnitudes'

Bl magnitude flexion
C3 magnitude extension

| WT T W

Relative LS-length "0.0"" = upright standing

Magnitude SLI LS (%)
=
1

1 2 3 4 5
test repetition (n)

Fig. 5 Magnitudes of sagittal lumbar spine (SLI LS) movements
during the reference position 70°-flexion. Closed bars represent
magnitudes of flexion, open bars magnitudes of extension. Data are
presented for the five test repetitions (means + standard error,
n = 20)

70°-flexion-test: ""Isometric Position"
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test repetition (n)

Fig. 6 Sagittal flexion of lumbar spine (SLI LS) and duration of the
flexed posture during the isometric position in 70° trunk inclination.
The value “0” represents the straight body position; positive values
represent spine flexion (SLI LS). Data are presented for the five test
repetitions (means =+ standard error, n = 20)

addition, the data will derive further information on which
specific preventive strategies can be based on to reduce
spine loads at the workplace. For example: individual
kinematic requirements of spine and trunk can be evaluated
and used to specify vocational rehabilitation. Besides these
individual possibilities the data of 3D-SMG analysis could
be useful to evaluate ergonomic innovations. To quantify
the impact of such innovations, pre and post analysis of the
workplaces are necessary to assess the usefulness of the
ergonomic measure.

@ Springer

Conclusion

The evaluation (reliability and validity) of the developed
3D-SMG hard- and software package revealed good to very
good results. New kinematic parameters could be presented
to rate dynamic and isometric trunk and spine action. It can
be expected that further occupational analyses will provide
new insights into these highly relevant data of spine loads
at the workplace [30]. Furthermore, these data could be of
paramount importance for prevention and rehabilitation
and to appreciate ergonomic measures.
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Appendix
Position Al

Lateral flexion (static) was assessed in a defined posture:
feet were placed in a hip-wide position, knees straight and
the arms being held relaxed at the side of the body. The
upper body was maximal flexed to the side within the
frontal body plane (controlled by the investigator).

Test procedure

Starting from an upright position the volunteers were
instructed to bend sideways as far as possible. The maximal
lateral position was kept for 15 s. The procedure was
repeated five times for the right and left side of the body.
Between the trials one repetition of “prone position”,
“upright standing, “70°-position” and “rotation” had to be
performed.

Measurements

The 3D-SMG was used to assess relative spine curvature
changes within the frontal plane of LS and TS.

Position A2

Rotation (static) was assessed in a defined posture: feet
were kept together, knees straight and the arms being held
relaxed at the side of the body. The upper body was
maximal rotated to the side within the horizontal body
plane (controlled by the investigator).

Test procedure

Starting from an upright position the volunteers were
instructed to rotate as far as possible. The maximal rotated
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Table 4 Mean values (X), standard deviation (SD) and ICC values (r) of measurements during the final posture of “maximum lateral bending of
the trunk to the left” and “maximum rotation of the trunk to the right” (n = 20)

Measurements Test repetitions of reference positions
1 2 4 5 ICcC
X SD X SD X SD X SD X SD r
“Maximum lateral bending of the trunk to the left”
FLI TS (%) —12.4 24 —12.5 24 —12.5 2.7 —12.4 2.6 —12.5 2.7 0.988
FLI LS (%) —-16.7 43 —16.6 4.5 —16.7 44 —16.5 4.7 —16.6 4.5 0.881
“Maximum rotation of the trunk to the right”
HLI TS (%) 6.1 3.3 6.0 32 6.2 3.1 6.0 3.0 6.3 3.0 0.995
HLI LS (%) 7.6 3.7 7.7 3.7 7.7 3.6 7.8 3.6 7.7 3.6 0.996

Data are shown for each test repetition
FLI frontal length index, HLI horizontal length index

Statistics (over all): repeated measures analysis of variance, inner subject factor p > 0.05; between subjects factor p < 0.05. Inter-class-

correlation (ICC), p < 0.05

position was kept for 15 s. The procedure was repeated five
times to the right and left side of the body. Between the

9

trials one repetition of “prone position”, “upright standing,
“70°-position” and “lateral bending” had to be performed.

Measurements

The 3D-SMG was used to assess relative spine curvature
changes within the horizontal plane of LS and TS (see Table 4).
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