Spaciotemporal Gait Analysis of the Geriatric Wearing an Orthopedic Walking Boot Versus a Fixed, Ankle-Foot Orthosis to
Investigate How Balance and Gait Variability are Affected to Minimize Fall Risk
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Introduction

Elderly gait stability is largely influenced by variations in sagittal alignment, gait width, gait phase, and vertical displacement. High
levels of variation within the gait are indicative of instability and an increased fall risk. Spinal sagittal alignment impacts the
postural balance and deteriorates directly with age [1]. Studies show a correlation between the ratio of the thoracic and lumbar
angles to fall risk caused by overcompensation of related muscles and decline in spinal functions [2]. Changes in gait parameters
influence the margins of stability experienced by elderly during the gait cycle. Controlled ankle movement (CAM) boots alter
normal gait patterns, causing the elderly to experience increased step width to compensate for instability [3]. Studies have shown
that elderly patients experience longer single and double support phases compared to the swing phase, resulting in increased
instability [6]. Functional leg length discrepancy (FLLD) is defined as a condition of asymmetrical leg length due to pelvic tit, not
necessarily a result or compensation of a true bone length difference. FLLD causes a shift in weight towards the shorter limb,
resulting in a decrease in stability during the gait cycle [9]. In this study, a spatiotemporal gait analysis of elderly subjects wearing
CAM boots and ankle-foot orthotics (AFO) was performed to investigate how balance and gait variability are affected by each
device to minimize the fall sk of elderly patients.

Participants

+ Male and females within the age
range of 60-90

Table 1 show the general questionnaire health data form results

Subjects required to walk 120
meters without assistance of a
walking device
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Materials and Methods

Materials

* 39 Vicon Nexus 2.12.1 with Full-Body Plugin Gait.Ai markers (14.0 mm sphere B&L Engineering Pearl Markers) shown in Figure
land2

* Vero 2.2 Vicon 8-camera motion capture system

2 AMTI OPTIMA BMS464508-2K force plates

+ VINCA DRGA-0605 Electronic Digital Brake Rotor Gauge 6-inch calipers

« Avia Avi-Verge control shoes shown in Figure 3

« Walker Genesis 3 strap tall CAM boot (sizes range from small to large) shown in Figure 3

+ Acute TayCo XAB Ti-100-3-R orthotic brace (sizes range from small to large) shown in Figure 3

Methods

« Participants marked with reflective markers (adhering to Full-Body Plugin Gait.Ai placement requirements)

* Vicon 8-camera system calibrated by having participant stand with one foot equally placed in each of the two ATMI force
plates in "motor bike pose" to collect static files

+ Participants practice walking to establish confidence in gait interval

* 12 trials total are run in a randomized order to reduce fatigue in data: three control, three CAM walking boot, three fixed
TayCo XAB brace, three range of motion (ROM) TayCo XAB brace

Figure 1 (Left): Plug-in Gait Marker
set front view

Figure 2 (Right): Plug-in Gait
Marker set left view

e

Hypotheses
Subjects will experience the most instability walking in the CAM boot due to variable force distribution and increased hip
offset caused by FLLD.

The ROM TayCo will provide the most stability to geriatrics due to increased ankle mobility and decreased FLLD compared to
the CAM boot.
Equations:

Cadence = number of step/ time (minutes)

Walking speed = distance traveled (meters)/ V i
time (seconds)

/
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Figure 3: Shows equipment used by subjects while walking in trials.
Left: control shoe, Center: TayCo XAB brace, Right: CAM walking boot

Average = Sum of observations / Total number of
observations

Standard deviation = sqrt((1/n-1)*3(X-)"2)
n = number of observations
X = the value in the data distribution
1= mean of the observations
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Figures 4 a —d show the static calibration and center of mass (COM) for each modality. Tables 2 a — d display the
spatiotemporal data for all modalities.

+ Cadence values for the ROM TayCo brace (109 + 58.3 steps/min), fixed TayCo brace (112 + 81.4 steps/min), and
CAM boot (87.0 + 9.95 steps/min) were shown to decrease compared to the control shoe (136 + 133 steps/min),
indicating a relationship between the overall cadence and reduction in ankle mobility.

The ROM showed the least amount of variance in walking speed when compared to the control (ROM: 1.03 +0.21
m/s; Control: 1.03 £ 0.30 m/s). The CAM boot, alternatively, showed a significant decrease in walking speed
(0.78 £ 0.30 m/s).

The presence of the fixed and ROM TayCo braces did not appear to impact step width variation. The CAM boot
showed a marginal difference in step width value (0.20 + 0.042 m) compared to the control shoe value (0.16 +
0.043 m).

Data showed an inverse relationship between ankle mobility and stride time, with a decrease in ankle mobility
resulting in an increase in stride time. The stride times were as follows: Control shoe: 1.15 + 0.37 s; ROM brace:
1.23£0.21s; Fixed brace: 1.30 £ 0.23 5; CAM boot: 1.36 £ 0.15 5.

Data showed no significant changes in stride length between the control shoe and TayCo braces. The CAM boot
had a small decrease in stride length (1.03 + 0.34 m) compared to the control shoe (1.17 +0.40 m).

Table 2a: Spatiotemporal data for control shoe
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Figure 4a: Static calibration Stride Time 11310365 1150375
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O Table 2b: Spatiotemporal data for ROM brace
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Figure 4bs: Static calibration St Thne 1s0abs 1235035
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stance for ROM brace

Table 2c: Spatiotemporal data for fixed brace

Cadence 112 +81 4 steps/min
Cadence 97.2.+145 steps/min 95.7.+21.4steps/min
DoubleSupport 033£00675 045:0225
FootOff 610+689% 628+569%
Limpndex 096+014 0921028
OppositeFoot Contact 1634996% 4725115%
Opposite Foot Off 1ar268% 232:289%
SingleSupport 047100545 035:0415
steplLength 059s0.12m 059:00%0m
StepTime 067£0125 066200745
StepWidth 016£0044m 017:0033m
Stride Length 1084026m 115029m
StrideTime. 1260175 13020235

Figure 4c: Static calibration WalkingSpeed 087£024m/s 093£033m/s

stance for fixed brace

Table 2d: Spatiotemporal data for CAM boot

Cadence 87.0+9.95 steps/min
Cadence 89,6+ 12.2 steps/min 89.4.+9.61 steps/min
DoubleSupport 03220215 06010425
FootOff 5572181% 625£510%
Limp ndex 0932023 0832022
Opposite Foot Contact 5002677% 4572565%
Opposite Foot Off 13.02208% 290+316%
SingleSupport 054400635 026£0405
stepLength 052:018m 052:016m
stepTime 067200925 074200835
stepWidth 020+0084m 020£0062m
Stride Length 1052032m 103034m
StrideTime. 13620175 13620155

Figure 4d: Static calibration WalkingSpeed 079+028m/s 078+030m/s

stance for CAM boot

Survey Data

Figure 5 displays the hypotheses and significance level for the One-Way ANOVA. Figure 6 displays the Post Hoc Dunnett’s
significance tables for three out of five questions for which significance was shown when the modality groups were compared to
the control. Figure 7 displays a histogram of the standard error of the participants compared to the population mean. Table 3
displays the Tinetti’s Falls Efficacy Survey results showing all participants scored less than 20 points indicating no fear or risk of
falling. Below details questions 1 -5 used in the Likert Survey.

Method

Question 1: Which modality was the most comfortable?
Null hypothesis All means are equal
Alternative hypothesis Not all means are equal Question 2: Which modality did you feel most likely to fall?

Significonce level = 0.05
Question 3: Which modality’s size impacted your ability to walk?

rere ossumed for
Question 4: Which modality provided the most support?
Figure 5: Figure above shows methods used

to analyze all data for a One-Way ANOVA Question 5: Which modality was the easiest to walk in?

hypothesis.

Factor N_Mean Grouping__ Factor Mean Grouping _ Factor N__Mean Grouping
Q1 Shoe 15 4.000 A Q2 Shoe 15 1467 A Q5 Shoe 15 4.467 A
(control) (control) (control)

Q1 ROM 15 4467 A Q2 Boot 15 2.600 Q5 ROM 15 4.267 A

Q1 Fixed 15 3.867 A Q2ROM 15 1667 A Q5 Fixed 15 4.067 A

Q1 Boot 15 2333 Q2 Fixed 15 1.667 A Q5 Boot 15 2.733

Figure 6: A Post Hoc Dunnett's test was used to determine the significance of a one-way ANOVA of the varying modalities
compared to the control. Questions 1, 2, and 5 showed significance with a 95% confidence interval

Histogram of PROMIS Short Form 20a Standard Error
. Table 3: Subject data from Tinetti's Falls Efficacy Survey.
> 70 Fear of Falling; >80 Risk of Falling; All Subjects < 20.

Subjects
E 2 11 10
2 12
. . 1 14
Standard Error 1 16

Figure 7: The 15 participants had physical function standard
error ranging from +L.5 - +5.7 above the population mean

Conclusion

The fixed and ROM status of the TayCo brace did not appear to affect overall stability during the gait cycle.

Subjects reported experiencing the most instability wearing the CAM boot.

CAM boot showed decreases in overall cadence, walking speed, and stride length, contributing to an increased sense of
instability.

Wearing ROM and fixed TayCo braces did not produce an increase in step width variation, indicating higher levels of stability.

The ROM TayCo showed the least amount of variance of the three tested devices compared to the control.

Data showed similarities between the step width and walking speed of the ROM TayCo and the control shoe, supporting the claim
that the ROM TayCo provides the most stability for geriatrics.

* Further work can be done to determine the impact of each brace on FLLD.
Run the experiment with EMG sensors to collect muscle activation data.

References

* [1]5.Imagama, Z. Ito, N. Wakao, T. Muramoto, Y. Sakai, Y. Mat N N. Ishiguro, Y. Hasegawa, “Influence of spinal sagittal alignment, body
balance, muscle strength, and physical ability on falling of middle-aged and elderly males," Eur Spine J, pp. 1346-1353, Feb. 2013. Accessed: Sep. 29, 2022. doi: 10.1007/00586-013-
2721:9. [Online). bi.nlm.nih

+ [2] K. Hasegawa, M. Okamoto, 5. Hatsushikano, H. Shimoda, M. Ono, T. Homma, and K. Watanabe,
gravity line in humans," Journal of Anatomy, pp. 619-630, Jan. 2017. Accessed: Sep. 28, 2022. doi: 10.1111/0a.12586. [Online]. Available:
https://pubmed.ncbi.nim.nih. gov/28127750/

* [3] L Hak, H. Houdij, P. . Beek, and J. H. van Dieén, “Steps to take to enhance gait stability: The effect of tride length, and
stability and margins of stability” PLOS ONE, 13-Dec-2013. [Online]. Avalable:https://doi.org/10.1371/journal. pone.0082842. [Accessed: 29-Sep-2022].

+ ) A, Skiadopoulos . E. Moore, H. R. Sayles K. K.Schid,and N. tergiou, a . Journalof
habilit: Mar-2020. [Online]. Im.nih. 7059259/ [Accessed: 22-Sep-2022).
* [S1M.J.P. Toebes, M. J. M. Hoozemans, R. Furrer, J. Dekker, and J. H. van Dieén, °I fall
Eisevier, Jul2012. [Online]. 101016 12012.05.016 Accessed: 29-50p-2022],

* (6] M. Schwenk, C. H

vol.60, no. 1, pp. 79-89, 2013
+ [7)8.Kim, C. Youm, H. Park, M. Lee, and B. Noh, “C & a o
Environmental Research and Public Health, vol. 18, no.9, p. 4704, 2021.

Jeh, J. Mohler, G. Grewal, D. Armsti d B. Najafi, “Fraity and gait analysis in /* Gerontology,

\ International Journal of
* 8] H. Hollman, E. M. McDade, and R. C. Petersen, “Normative spatiotemporal gait parametersin older adults;

+ 9] Adizan NA, Basaruddin KS, Salleh AF, Sul R, Safar MIA, Rusli WMR.
10,2018:7815451. doi: 10.1155/2018/7815451. PMID: 29983905; PMCID: PMC6015677.

Acknowledgements

Special thanks to Sheri Trine for recruiting subjects and to D

ait & Posture, vol. 34, no. 1, pp. 111118, 2011,
J Healthe Eng. 2018 Jun

erlic for providing AFO device




