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J-PAS fleairy Proof of Concept

Reduction in Forces on Lower Back Muscles (Load and Lumbar Torque)

High or even moderate loads applied repetitively to the lumbar spine can increase the risk of low
back pain, weaken or damage the vertebrae, and cause intervertebral disc degeneration or herniation.
Reducing loading on lumbar tissues during common healthcare workers’ activities could help lower the
risk of back injury and resultant pain, or benefit other outcomes related to muscle effort and fatigue
[1].The J-PAS fleairy has proven to be highly effective in reducing strain during care work.
Electromyogram data from the Hyogo Prefectural Social Welfare Foundation's Welfare Town
Development Research Institute demonstrates that the exosuit reduces lower back strain by
approximately 94% when maintaining a half-squat position, such as during diaper changes, and by
59% when standing, such as in a toilet setting [2].

JTEKT’s Japan team also utilized a motion capture system and a force plate to simulate the load
on lumbar joints during a diaper changing operation. Motion capture data was converted into a digital
human body model by connecting marker points. Torque at the hip joint was estimated with inverse
dynamics using the motion capture and force plate measurements. In Figure 1, the orange line shows the
subject without J-PAS fleairy's assistance and the blue line with the J-PAS fleairy’s assist activated. The
addition of the J-PAS fleairy greatly reduced the load on the lumbar joint, visualized in Figure 2.
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Figure 2: Comparison of load on lower back
without J-PAS fleairy (left) to with J-PAS fleairy
(right) during diaper changing

Simulation(Body-mechanics)

Reduction in Fatigue

Fatigue is the state where one cannot sustain a specific exercise level or strength due to either
immediate strain or inadequate recovery from repeated physical activity. This exhaustion, whether
immediate or residual, stems from a mix of central and peripheral fatigue mechanisms occurring during
and after physical exertion [3]. The load measurements done by JTEKT Japan demonstrated the exosuit's
ability to reduce joint load in lumbar extensor muscles during leaning positions but reduction of muscle
fatigue was unclear. To address this gap, a Clemson University bioengineering team assessed the J-PAS
fleairy’s effect on reducing lumbar muscle fatigue during forward-leaning tasks. Fatigue was measured by
the time to failure during a repetitive lifting/bending motion while holding a 40Ib. dumbell. Two adults
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performed this task with and without the J-PAS fleairy with a three day rest period in between. This trial
was repeated two additional times with a three day rest in between each trial. Results showed a
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significant increase in time to fatigue while wearing the
J-PAS fleairy suit, with an average of 556 seconds
compared to 187 seconds without it, indicating a 200%
improvement. The study concludes that the J-PAS fleairy
effectively reduces muscle fatigue, enhancing endurance
and performance in physically demanding tasks, and could
improve well-being and productivity in healthcare workers
and other professions.

Figure 3: Comparison of Time to Fatigue During
Weighted Bending Motion With and Without J-PAS
fleairy exosuit

A comparison test was conducted between the percent improvement of a lift belt and the J-PAS fleairy to
determine which device more effectively improves time to fatigue during a forward-leaning position, a
common posture in patient transfers. Two adult males held a 40 Ib dumbbell with a 45° forward lean until
failure or discomfort was reported. Each participant completed the test three times for each solution

(J-PAS fleairy, lift belt, no equipment) with
one day of rest in between each trial.
Results showed that the J-PAS fleairy was
significantly more effective at increasing
time to fatigue with an improvement of
19.5% over the non-equipment average
time to fatigue. The lift belt was effective at
increasing time to fatigue but at a lower
11.3% improvement. These findings
suggest that the J-PAS fleairy may be a
more effective solution than a lift belt for
reducing low back fatigue and potential
injury in nurses performing patient transfers,
potentially offering greater protection in
clinical settings.

Time to Fatigue Percent Improvement J-PAS fleairy vs Lift Belt

250
200 I
19.5
1
150

100

50

Fercent Improvement Over Mo Equipment []

0o

Lift Belt J-PAS fleairy

Figure 4: Comparison of Percent
Improvement in Time to Fatigue between
Lift Belt and J-PAS fleairy when performing
45° static forward lean.
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Reduction in Spinal Disc Compression

Around 40% of lower back pain cases result from intervertebral disk degeneration, a condition
that is widely linked to mechanical overloading [4,5]. While difficult to measure spinal compression loading
in vivo, there are ways to theoretically calculate the reduction using force magnitude and moment arm
assumptions [1]. The reduction of spinal compression while wearing the J-PAS fleairy and performing
a static forward lean with hip flexion and no lumbar flexion at 45° was calculated to be 3.33%. This is
based on the assumption that the subject performing the lift has the anthropometrics of a 50th percentile
US male and that there is no additional weight being lifted [6]. The compression load reduction is limited

by the moment arm of the exosuit in relation to the intervertebral disks and the force magnitude provided
by the exosuit.

Biomechanics Explanation
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FM = Force required to counterbalance upper body and object weight Ar = Increase in moment arm length
rM = short moment arm of paraspinal muscle FE = Force provided by J-PAS fleairy
rHAT, rW = long moment arms of upper body and object weight F'M = New force required by paraspinal muscle

Figure 5: Biomechanical lllustration of the compression load while lifting an object with and
without the J-PAS fleairy. Adapted from (Lamers 2018)

At the L5 - S1 intervertebral disc (green dot), there is a clockwise flexion moment created by the
weight of the lifted object, and the user's head, arms, and torso. This moment is counterbalanced by a
counter clockwise extension moment created by the lumbar paraspinal muscles. Since the moment arm
of the muscles is much shorter than the moment arms of the upper body weight, it requires a high
magnitude of force to generate the required moment. This force places extra compression force on the
lumbar spine and can cause pain and injury. An exosuit like the J-PAS fleairy reduces lumbar tissue

loading by creating a longer moment arm and providing a force assist through the tension in the main belt
between the backpack and the legs.
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