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Abstract This study presents a gait analysis method (including time series analysis) using a smart insole as an
objective and quantitative evaluating method after lumbar scoliosis surgery. The participant is a degenerative
lumbar scoliosis patient. She took 3-min-gait-test four times(before and 8, 16, and 204-days after surgery) and
6-min-gait-test once(204-days after surgery) with smart-insoles in her shoes. Each insole has 8-pressure sensors,
an accelerometer, and a gyroscope. The measured values were used to compare the characteristics of gait
before and after surgery. The analysis showed that all of the patient's gait parameters improved after surgery.
And after 6 months, the gait was more stable. However, after long walk, the swing duration of one leg was
slightly shorter than that of the other again. It was a preclinical problem that could not be found in the visual
examination by the practitioner. With this analysis method we could evaluate the improvement of patient
quantitatively and objectively. And we could find a preclinical problem. This analysis method will lead to the
studies that define and distinguish gait patterns of certain diseases, helping to determine appropriate
treatments.
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Fig. 2. Design of the insole sensor module
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Fig. 3. Spatiotemporal gait parameters

1) Validation of short-term effects after surgery (comparison of pre—op vs. d+16)

a) After the surgery, swing counts decreased and stride length increased.

b) As the support force of the left leg increased, the duration of the gait cycle, left stance, and
right swing lengthened and stabilized.

2) Validation of long-term effects after surgery (comparison of d+16 vs. d+204)

a) The patient’s walking was more stabilized, distance walked and speed increased slightly, and
variation in the duration of swing decreased.
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Fig. 4. Discrepancy in the left and right swing durations for each step

1) In the test before surgery, the swing duration of the right side was consistently shorter than that
of the left side, and this discrepancy increased as the number of steps increased.

2) After the operation (d+16), the left and right swing durations were almost identical, and no
deterioration occurred with as the number of steps increased.

3) In the follow—-up test (d+204), the swing duration tended to be slightly shorter on the right than
the left as the number of steps increased. This trend was exacerbated in the 6 min walk test
performed after the 3 min walk test.(Wilcoxon rank-sum test comparing differences between left
and right swing durations in the 3 and 6 min walk tests, p = 0.047).
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Fig. bA. Process for calculating the average acceleration difference in orthogonal distance
1) Modified time series created by matching the start points of the left and right swings for each
step.
2) Axes of the orthogonal plane: left and right accelerations.
3) The z score of acceleration is used to eliminate the influence of the acceleration value.
4) A smaller average acceleration difference distance indicates greater similarity.

Average differencedistance of X-axis acceleration in each step
s,  ema=- Pre-OPp Post-OP(d+16)

0.4 Highest in Pre-OF: 111th step

[E-EC0re)

Accelerailion

Lowest in Post-OP: 93th step

1st 2lst 41t Gl Blst 101st 121t 150th

nth Step

Fig. 5B. Example of average acceleration difference in orthogonal distance for each step
1) The highest value indicates the maximum difference in acceleration trajectory between the left
and right sides.
2) The x-axis of accelerometer indicates the posterior-anterior direction when standing.
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Table 1. Average acceleration and angular velocity differences in orthogonal distance for each axis.

Average orthogonal difference in acceleration (z score) Average orthogonal difference in angular velocity (z score)
x—a Xis y-a Xis z-a Xis X-a Xis y-a xis z-a Xis

Before the | 95 0.26 0.20 0.29 0.16 0.32

operation

After the 0.18 0.28 0.17 030 0.12 031

operation

p-value* <0.01 0.03 0.01 0.45 0.01 0.67

* H1: The average orthogonal difference after the operation was different from that before.
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