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ABSTRACT

Background: Unsuitable posture in patient transfer motion causes lower back pain (LBP) among caregivers. The
suitable postures to reducing lumbar loads during patient transfer are investigated by musculoskeletal simulation.
However, existing musculoskeletal simulation cannot accurately predict lumbar loads because the existing
musculoskeletal models are generated by only motion data. Thus, this study aimed to propose and evaluate an accurate
musculoskeletal model using hand load data obtained from a hand load measurement device.

Methods: Motion and hand load data for the musculoskeletal model were measured during patient transfer by an inertial
measurement unit (IMU)-based motion capture system and hand load measurement device. The existing model without
using hand load data and the proposed model using hand load data predicted the activity of the erector spinae muscles
and the compressive force of L4-L5. The correlation of erector spinae muscle activity was compared between the
predicted and ground truth (surface electromyography) values. Furthermore, predicted compressive forces of L4-L5
were compared with reference value reported by previous study related to in vivo intradiscal pressures measurement.
Results: The proposed model could predict erector spinae muscle activity with a correlation that was significantly
greater than that of the existing model (p<0.05). Furthermore, the proposed model could predict compressive forces of
L4-L5 with approximate values close to in vivo intradiscal pressures measurement.

Conclusions: Proposed musculoskeletal model may more accurately predict lumbar loads during patient transfer than
the existing model. Proposed musculoskeletal model will be applied to explore suitable postures for preventing LBP.
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INTRODUCTION

Unsuitable posture in patient transfer motion causes LBP
among caregivers.! Assistive tools such as a sliding sheet
and a lifting device are used for preventing LBP among
caregivers.>® These assistive devices could reduce the
lumbar load during patient transfer; however, these
assistive devices cannot be used in several cases because
of the working space and time efficiency.?® Therefore,
new approaches to reduce lumbar loads during patient
transfer are necessary when assistive devices cannot be
used.

Postural adjustment is considered as an approach to reduce
lumbar loads during patient transfer.* Thus, exploring a
suitable posture is effective for reducing lumbar loads
without assistive devices. Previous have studies indicated
that the adjustment of trunk and lower limb movement
could reduce lumbar loads.* However, the relationships
between posture and various lumbar loads such as erector
spinae muscles (inner and outer) activities and spinal load
were nearly not investigated.® It is difficult to directly and
non-invasively measure lumbar load such as inner muscle
activity and spinal load.
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Previously, we investigated the relationship between
lumbar loads and posture during patient handling
through musculoskeletal simulation.®> Musculoskeletal
simulation can be used in non-invasive evaluation of
lumbar loads, including inner muscles.® However, existing
musculoskeletal simulations cannot accurately predict
lumbar loads because the existing musculoskeletal models
are generated by only motion data.® A previous study
found that ground reaction force as input data contributed
to the improvement of prediction accuracy in
musculoskeletal simulation.” Thus, external force data
may improve prediction accuracy in musculoskeletal
simulation. The hand load is one of the external forces
during patient transfer. The effect of hand load data on the
accuracy of musculoskeletal simulation for patient transfer
has not been investigated. From this background, this
study aimed to propose and evaluate a novel accurate
musculoskeletal model using hand load data obtained from
a hand load measurement device.

METHODS
Proposed musculoskeletal model

Figure 1 shows an overview of the proposed
musculoskeletal model. The input data of the proposed
model are the motion data obtained from the wearable
IMU-based motion capture system (Perception neuron 2,
Noitom, Ltd.) and the hand load data obtained from the
hand load measurement device. The wearable IMU-based
motion capture system measures motion including finger
movement during patient transfer by 31 IMUs. The
musculoskeletal model with this motion and hand load
data was implemented by the AnyBody modeling system
(Anybody technology A/S). The AnyBody modeling
system can predict lumbar loads more accurately than
other musculoskeletal simulations during various manual
handling tasks.2 Lumbar loads such as erector spinae
muscle activity and spinal load are predicted by inverse
dynamics and optimization for muscle activity via
functions in the AnyBody modeling system.
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Figure 1: Overview of the proposed musculoskeletal
model.

The hand load measurement device was manufactured by
the authors. An overview of the hand load measurement
device is shown in Figure 2. The measurement plate of this
device is shown in Figure 3. This device is manufactured
from pressure sensors (FlexiForce A201-100, Tekscan,

Inc.), amplifier circuits (FlexiForce Adapter 1120,
Phidgets, Inc.), and a data logger (P-WS1311, Logical
Product Co., Ltd.). The selected pressure sensor
(FlexiForce) is known as a suitable sensor for hand force
measurement.®
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Figure 2: Hand load measurement device.

Measurement plates were fixed on the fingers and palms
of the left and right hands. As shown in Figure 3, four
pressure sensors with spacers were placed on each acrylic
measurement plate. Each measurement plate was
calibrated using a load cell (PLP-10L-180L, Toyo Sokki
Co., Ltd). The specification of this device was validated in
our previous study.
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Figure 3: Measurement plate of the hand load
measurement device.
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Evaluation of the musculoskeletal model

In the experiment, the accuracies of the muscle activity
prediction of the proposed and existing musculoskeletal
models were evaluated via comparison with surface
electromyography (SEMG) on the erector spinae muscles
during patient transfer. In addition, the compressive forces
of L4-L5 as the spinal load predicted from the existing
model and the proposed model were compared with the
reference value reported by a previous study related to in
vivo intradiscal pressure measurements.!! The existing
musculoskeletal model was implemented with only motion
data. The proposed musculoskeletal model was
implemented with both motion and hand load data.

Participants were five healthy men (22.2+0.75 years,
169+6.03 cm, 55.6+3.72 kg, mean+SD). This study was
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approved by the National Institute of technology,
Hachinohe college ethics review board (approval number:
R4-2). The participants were asked to perform the patient
transfer motion. The patient transfer motion is shown in
Figure 4. The participants transferred the doll as a patient
from the bed to a chair with a left turn. Each participant
performed this motion three times. A total of 15 trial data
were measured via this experiment. Note that a light doll
(5 kg) as the patient was used for saving physical loads for
the participants.

Figure 4: Patient transfer motion in the experiment.

Motion data for the musculoskeletal model were measured
during patient transfer by a wearable IMU-based motion
capture system with 60 Hz sampling rate. Hand load data
were measured during patient transfer by a hand load
measurement device with a 1 kHz sampling rate. The
sampling rate of the hand load data was adjusted to 60 Hz
via a second-order Butterworth low-pass filter. To obtain
the ground truth of muscle activity, SEMG on the erector
spinae muscles during patient transfer was measured by
SEMG sensor (LP-WSD1402-0A, logical product Co.,
Ltd.) with a 1 kHz sampling rate. Noises of measured
SEMGs were removed via a second-order bandpass filter
(20<fs <500 Hz). In addition, the measured sSEMGs were
full-wave rectified. The sampling rate of the rectified
SEMGs were adjusted to 60 Hz via a zero phase-shift fifth-
order Butterworth low-pass filter. Finally, filtered SEMGs
were normalized by the muscle activity of maximal
voluntary contraction (unit: %MVC). The existing
musculoskeletal model predicted erector spinae muscle
activity during patient transfer using only motion data. The
proposed musculoskeletal model predicted erector spinae
muscle activity and compressive forces of L4-L5 during
patient transfer using both motion and hand load data.
These predictions were performed using the AnyBody
modeling system.

The correlation of erector spinae muscle activity between
the predicted (musculoskeletal model) and ground truth
(SEMG) values was calculated from the time waveforms
of each trial. Correlation values with the ground truth were
calculated for both the proposed and existing
musculoskeletal models. Correlation values between the
proposed and existing musculoskeletal models were
compared using the Wilcoxon signed-rank test. The mean
value of the compressive forces of L4-L5 was calculated
from the time waveform for each trial. The mean values of
the predicted compressive forces of L4-L5 were compared
with the reference value (approximately 2400 N) from a
previous study related to in vivo intradiscal pressure
measurements.!! This previous study showed that the

compressive force was approximately 2400 N when
participants were holding two 4-kg weights on their hands
with 30° trunk flexion.** The posture between this motion
in the previous study and patient transfer to this study are
similar. The mean values of the predicted compressive
forces of L4-L5 were compared between the proposed and
existing musculoskeletal models by the Wilcoxon signed-
rank test. The significance level was set as p<0.05. These
statistical tests were performed using EZR.2

RESULTS

Figures 5 and 6 show an example of the time waveform of
the erector spinae muscle activities during patient transfer.
Time waveforms showed small or negative correlations in
muscle activities between the ground truth values (SEMG)
and the predicted values from the existing model using
only motion data. In addition, the existing model predicted
a decreasing trend of muscle activity when the ground truth
of muscle activity was an increasing trend. Whereas a
positive correlation was found between the muscle
activities between the ground truth values and the
predicted values from the proposed model using both the
motion and hand load data.

Correlations with the ground truth values are shown in
Figures 7 and 8. The results showed that the correlation of
the proposed model with the ground truth was significantly
greater than that of the existing model in the left and right
erector spinae muscles (p<0.05). In addition, the
correlations between the ground truth and the existing
model were small or negative values.

Figure 9 shows the predicted compressive forces of L4-L5
during patient transfer. The results showed that the
compressive forces of L4-L5 predicted from the proposed
model were significantly larger than those predicted from
the existing model (p<0.05). As mentioned previously, a
previous study wusing in vivo intradiscal pressure
measurement showed that the compressive force of the
lumbar vertebra was approximately 2400 N.' The
proposed model could predict compressive forces of L4-
L5 with approximate values (around 2000 N) close to in
vivo intradiscal pressures measurement.!* On the other
hand, the existing model predicted the compressive forces
of L4-L5 to be <2000 N in all trials.
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Figure 5: Example of left erector spinae muscle
activities.

International Journal of Research in Orthopaedics | January-February 2025 | Vol 11 | Issue 1  Page 3



Uchimura R et al. Int J Res Orthop. 2025 Jan;11(1):1-5

L]

— Ground Truth (sEMG)
— Propused Model (Motion and Hand Load)
50 — Existing Model (only Motion)

40

30

20

Aetivity of Right
Erector Spinae Muscles [% MVC]

10 Correlation of This Trial
Ground Truth vs. Proposed Model : 0.56
Ground Truth vs. Existing Model :-0.31

0 10 20 30 40 50 60 70 80 90 100
Time [%]

Figure 6: Example of right erector spinae muscle
activities.
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Figure 7: Correlation between the predicted and
ground truth muscle activity in the left erector spinae
muscles.
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Figure 8: Correlation between the predicted and the
ground truth muscle activity in the right erector
spinae muscles.
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Figure 9: Predicted compressive force of L4-L5.
DISCUSSION

As mentioned previously, the results showed that the
correlation of the proposed model with the ground truth
(SEMG) was significantly greater than the existing model
in the left and right erector spinae muscles. These results
indicate that the proposed musculoskeletal model using
both motion and hand load data more accurately predicts
the trend of erector spinae muscle activity during patient
transfer than the existing model using only motion data.
Conversely, the existing musculoskeletal model predicted
erector spinae muscle activity by a small or negative
correlation with the ground truth. Furthermore, the time
waveforms showed that the existing model predicted a
decreasing trend of muscle activity when the ground truth
of muscle activity was an increasing trend. The results of
the compressive forces of L4-L5 showed that the proposed
model could predict the compressive forces of L4-L5 with
approximate values (around 2000 N) close to in vivo
intradiscal pressure measurements.'! On the contrary, the
existing model underestimated the compressive forces of
L4-L5 (<2000 N) compared with the in vivo intradiscal
pressure measurements.

In this study, existing models without hand load
information could not predict the increase in erector spinae
muscle activity and compressive forces of L4-L5 because
of manual handling. The existing model without hand load
underestimates the increase in lumbar loads during patient
handling. Lumbar loads should not be underestimated in
the investigation of a suitable posture for preventing LBP
because of patient transfer. Therefore, it is considered that
hand load data are necessary for accurate prediction of
lumbar loads during patient transfer wusing a
musculoskeletal model. In addition, it is considered that
the proposed musculoskeletal model using both motion
and hand load data and the manufactured hand load
measurement device are useful for exploring suitable
postures to reduce lumbar loads during patient transfer.
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This study has some limitations. First, the participants
were only young men. Patient handling varies because of
due to experience and sex.'®'* In addition, the proposed
musculoskeletal model was evaluated for only patient
transfer in the laboratory environment. Various tasks have
different lumbar loads in patient handling.’® In future
works, the proposed musculoskeletal model should be
investigated for various caregivers, motions, and fields.
The proposed musculoskeletal model might be tested for
various situations because motion and load data of the
proposed musculoskeletal model can be measured using a
hand load measurement device.

CONCLUSION

In this study, a musculoskeletal model was proposed and
evaluated using motion and hand load data to explore the
suitable posture and reduce lumbar loads during patient
transfer. Moreover, the proposed method could accurately
predict the activity of the erector spinae muscles and
compressive forces of L4-L5 during patient transfer. These
results indicate that the proposed musculoskeletal model
can be applied to explore suitable postures and reduce
lumbar loads during patient transfer. In future work, the
proposed musculoskeletal model will be tested for various
patient handling motions.
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