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INTRODUCTION

Thirty-five percent of people over 70 presents gait impairment [START_REF] Verghese | Epidemiology of gait disorders in community-residing older adults[END_REF]. The age-related decline in gait quality is a powerful indicator of older adults' capacity to perform everyday life activities [START_REF] Potter | Gait speed and activities of daily living function in geriatric patients[END_REF]. Gait spatiotemporal parameters, such as gait velocity and step length, may not be considered the best predictors of institutionalization or dependency [START_REF] Woo | Walking speed and stride length predicts 36 months dependency, mortality, and institutionalization in Chinese aged 70 and older[END_REF]. On the other side, the variability of the different body segments' positions could be better predictors of falls; indeed, larger variability of lower limb joints was reported to be higher in fallers compared to non-fallers [START_REF] Kobayashi | Key joint kinematic characteristics of the gait of fallers identified by principal component analysis[END_REF]. Moreover, aging is associated with shifting from an ankle to a hip gait strategy. More specifically, during gait, older adults tend to solicit their hips at a higher extend compared to younger adults, this being reflected by a higher range of motion of this joint, and they tend to solicitate their ankles at a lower extend, this being reflected by a lower ankle range of motion during gait reported in older adults [START_REF] Kerrigan | Biomechanical gait alterations independent of speed in the healthy elderly: evidence for specific limiting impairments[END_REF]. [START_REF] Schmitz | Differences in lowerextremity muscular activation during walking between healthy older and young adults[END_REF] reported that these age-related changes in walking neuromuscular activation, including this distal-toproximal shift, are even present among active, healthy older adults [START_REF] Schmitz | Differences in lowerextremity muscular activation during walking between healthy older and young adults[END_REF]. The increase in variability and the shift in gait strategy have been reported as independent from the gait slowing and one possible theoretical explanation suggests that they could be related to decreased lower-limb strength, specifically in the ankle plantarflexors [START_REF] Kang | Separating the effects of age and walking speed on gait variability[END_REF][START_REF] Kerrigan | Biomechanical gait alterations independent of speed in the healthy elderly: evidence for specific limiting impairments[END_REF]. The ankle strength loss engenders a lower mobilization of ankle muscles during gait [START_REF] Monaco | During walking elders increase efforts at proximal joints and keep low kinetics at the ankle[END_REF], possibly causing older adults to compensate by a higher hip muscle implication [START_REF] Boyer | Systematic review and metaanalysis of gait mechanics in young and older adults[END_REF]. The age-related lowering in strength is caused by fibrosis and fat tissue accumulation, replacing muscle fibers [START_REF] Evans | Human Aging, Muscle Mass, and Fiber Type Composition[END_REF]. Type II fibers, the fastest type, are preferentially affected by aging resulting in slower muscle activation leading to a higher risk of falling [START_REF] Evans | Human Aging, Muscle Mass, and Fiber Type Composition[END_REF]. The agerelated distal to proximal redistribution in muscle function is a robust finding even in healthy older adults [START_REF] Buddhadev | Effects of age, speed, and step length on lower extremity net joint moments and powers during walking[END_REF][START_REF] Schmitz | Differences in lowerextremity muscular activation during walking between healthy older and young adults[END_REF] but the causal implication of ankle muscle has been disputed. However, a recent study showed that voluntarily increasing ankle power can decrease hip power demand, highlighting the possible positive impact of training ankle muscles [START_REF] Browne | Ankle power biofeedback attenuates the distal-toproximal redistribution in older adults[END_REF].

Physical activity's regular practice, in particular resistance training, practiced 3 times a week for 12 weeks, can reduce muscular function decline, and gait and balance can often be restored [START_REF] Judge | Exercise to improve gait velocity in older persons[END_REF]. However, structured effective training is often not accessible for older adults due to the distance between homes and physical activity centers and the practice price [START_REF] Trost | Correlates of adults' participation in physical activity: review and update[END_REF]. The high risk of falls and the fear of falling could also lead older adults to be less willing to engage in physical training, perpetuating the vicious circle that leads to sedentary behavior [START_REF] Wijlhuizen | Older persons afraid of falling reduce physical activity to prevent outdoor falls[END_REF]). An interesting alternative that could avoid these issues while allowing restoration of muscle function could be home-based training by neuromuscular electrical stimulation (NMES): the application of an electrical current through surface electrodes to the muscles to trigger involuntary muscle contractions. Indeed, in a recent literature review, we demonstrated that NMES is accessible, safe, and effective in older adults [START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF]. One of NMES's main interests is the possibility of specifically triggering type II fibers (the most affected by aging and involved in the fall of seniors) [START_REF] Kern | Electrical stimulation counteracts muscle decline in seniors[END_REF], highlighting that NMES could be an interesting and convenient complement to more traditional training conditions.

Knowing that aging affects gait primarily at the ankle level [START_REF] Cabell | Effect of age and activity level on lower extremity gait dynamics: an introductory study[END_REF], NMES of ankle muscles could be of great interest. A systematic review on this topic has shown that NMES of lower limb muscles could trigger strength and mobility enhancement in the elderly [START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF]. In order to optimize benefits, training of more than 8 weeks and with a frequency of 50Hz is recommended [START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF].

While ankle plantar and dorsiflexors, highly affected by aging, seem to be the muscle groups the most implicated in the changes in gait kinematics and highly involved in the limitation of seniors mobility, the feasibility, and efficacy of NMES training on both of these muscle groups have never been studied [START_REF] Boyer | Systematic review and metaanalysis of gait mechanics in young and older adults[END_REF][START_REF] Kerrigan | Biomechanical gait alterations independent of speed in the healthy elderly: evidence for specific limiting impairments[END_REF]. Moreover, whether

NMES training could impact gait kinematics in older adults has also not been investigated yet [START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF]. This study aimed to determine the feasibility of 12 weeks of ankle plantar and dorsiflexors NMES training and its effect on strength and gait kinematics in healthy older adults.

METHODS

Participants

Adults aged between 70 and 80 years old participated in this study and were recruited between September 2015 and July 2016. They were low to moderately active [Dijon Physical

Activity Score (PAS) <20]. They were examined by a physician who collected information about the total number of drugs taken and the number of comorbidities (Kaplan-Feinstein Index). Exclusion criteria included pathologies influencing the vestibular system, dementia, psychiatric or neurologic pathology, alcohol or drug dependency, a low cognitive ability not allowing the understanding of the protocol [objectified by a Mini-mental State Examination (MMSE) <26]. Baseline descriptive characteristics are summarized in Table 1. Participants were asked not to change their daily life activities during the protocol. The study has been approved by the local institutional review board and conforms to the Helsinki Declaration.

2.2.Outcome Measures

Neuromuscular measures

Lower limb muscle mass (cumulative from all leg muscles) was assessed through impedancemetry (Akern BIA-101, Florence, Italy; RJL Systems, Clinton Twp, MI) after the participants stayed 10min in a supine position. The estimated mass (kg) before and after the training were recorded. Ankle plantarflexion and dorsiflexion isometric strength were assessed for the right limb through an ergometer developed in the laboratory [START_REF] Meldrum | Maximum voluntary isometric contraction: investigation of reliability and learning effect[END_REF]. Participants were seated with an angle of 90° between their trunk and thighs, their right knee fully extended, and an angle of 90°

between their feet and legs. The participants performed three maximal voluntary isometric plantarflexions, and three maximal voluntary isometric dorsiflexions. Each trial lasted 5 seconds, and the highest value in Newton (N) was recorded for both plantar and dorsiflexion.

Gait kinematic measures

Gait parameters were assessed at participant preferred pace in the gait laboratory equipped with a VICON ® system (Oxford Metrics Ltd, Oxford U.K.) using eight Bonita B10 cameras

(1 million pixels, 250fps) and one Bonita 720c camera (1280 x 720, 120Hz). The room contains a straight 16 m path, and gait parameters were recorded 2 m after gait initiation and stopped 2 m before gait termination [START_REF] Kobayashi | Key joint kinematic characteristics of the gait of fallers identified by principal component analysis[END_REF]. Four trials were performed. trials for all the different outcomes was collected corresponding to a total of around 80 steps.

Activity

Activity levels were measured during 7 days before the training started and during 7 days following the end of the training in order to control for possible changes in participants activity that a research protocol could induce, even though participants were asked not to change their daily life activities during the protocol. Actigraphs (Actiwatch 7, Neurotechnology, Cambridge, UK) were used to measure the participants' daily activity. For seven days and seven nights, the participants wore an actigraph on their non-dominant wrist.

The participants identified bed and wake time through a sleep agenda. The mean number of activities per hour was calculated for daytime and nighttime and averaged over the seven recording days.

2.3.Intervention

Participants were trained at home, in autonomy, after details about the use of the electrical stimulator (Compex® SP2.0, Compex SA, Ecublens, Switzerland) was extensively explained.

A picture adapted from the manufacturer manual showing the precise electrode positioning was then provided. A stimulator and the electrodes were then provided to the participants.

They could practice using the stimulator and positioning the electrodes before starting the actual training. During the last visit to the laboratory, the researchers verified that the participants understood how to use the stimulator and how to position the electrodes correctly.

A biphasic symmetrical square waveform with a phase duration of 400μs was used. The detailed parameters of stimulation are presented in Supplementary Material. These stimulation parameters were established in accordance with the conclusion of a literature review advising NMES training, in order to impact gait, should last around 30minutes, be performed between two times and four times a week for over 9 weeks, and use stimulation frequencies of 50Hz and above [START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF] 

2.4.Statistics

The sample size calculation was based on previous research results focusing on ankle muscles' training through NMES in healthy older adults [START_REF] Amiridis | Static balance improvement in elderly after dorsiflexors electrostimulation training[END_REF][START_REF] Mani | Neuromuscular electrical stimulation can improve mobility in older adults but the time course varies across tasks: Double-blind, randomized trial[END_REF]. According to the data distribution, paired t-tests or Wilcoxon tests were used to detect changes between baseline and post-training values. Cohen's Dz effect sizes were calculated (D=0.2 is considered a 'small' effect size, 0.5 represents a 'medium' effect size and 0.8 a 'large' effect size) [START_REF] Sawilowsky | New effect size rules of thumb[END_REF]. The JASP 0.8.0.0. software was used to conduct the analyses. The significance threshold was set at p<0.05. All the neuromuscular parameters improved after training. The mean improvement was 23%

RESULTS

Fourteen

for lower limb muscle mass, 30% for plantarflexion strength, and 9% for dorsiflexion strength (Table 2). Gait velocity, step length, gait variability, and step time remained unchanged (Table 3). Pelvic anterior tilt and hip mediolateral range of motion during gait (adduction/abduction) decreased after training compared to before training. The same results

were found for the angular variability of these articulations (Table 4). The FPA was more externally directed after training (-10.09° [-12.47, -7.71]) compared to before training (-7.84° [-13.33, -5.35]) (Figure 1). Finally, the daylight activity was lower after training compared to before (Table 5).

DISCUSSION

This protocol is the first to demonstrate the feasibility of a home-based NMES training of ankle plantarflexors and dorsiflexors in healthy older adults. The results showed that NMSE training of the ankle flexors could reduce the range of motion and the variability of the hip and the pelvis during walking by rehabilitating neuromuscular ankle function.

In accordance with previous studies, the NMES training resulted in an increased lower limb muscle mass, causing higher ankle plantar and dorsiflexors strength [START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF].

One previous study reported positive effects of dorsiflexors NMES training [START_REF] Mani | Neuromuscular electrical stimulation can improve mobility in older adults but the time course varies across tasks: Double-blind, randomized trial[END_REF], and another reported positive effects of plantarflexors NMES training (I. [START_REF] Amiridis | Static balance improvement in elderly after dorsiflexors electrostimulation training[END_REF]. The present study's specificity was to provide training of both muscle groups allowing to show that NMES training was three times more effective for plantarflexors (+30% in strength) compared to dorsiflexors (+9% in strength). This unequal increase could be caused by the higher age-related strength loss in plantar compared to the dorsiflexors leaving a higher progression margin for plantarflexors strength improvement [START_REF] Simoneau | Muscular performances at the ankle joint in young and elderly men[END_REF]. The muscle strength increase was surprisingly close to the torque decrement observed after 12 years of follow-up in older adults of 73.5 years (-30.3% for plantarflexors and -9.5% for dorsiflexors) [START_REF] Winegard | A 12-year follow-up study of ankle muscle function in older adults[END_REF].

Of the two studies evaluating NMES training of ankle muscles, the first one did not evaluate gait in the participants [START_REF] Mani | Neuromuscular electrical stimulation can improve mobility in older adults but the time course varies across tasks: Double-blind, randomized trial[END_REF], and the second noted no improvement of preferred walking speed but revealed faster maximal walking speed (I. [START_REF] Amiridis | Static balance improvement in elderly after dorsiflexors electrostimulation training[END_REF]. This is in accordance with the results of the present study, where spatiotemporal gait parameters at preferred walking speed also remained unchanged. Most of the other NMES training protocols used in the past studies triggered knee extensors and flexors, yielding mostly inconclusive results on gait parameters [START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF], possibly because knees muscles are not as affected by aging [START_REF] Boyer | Systematic review and metaanalysis of gait mechanics in young and older adults[END_REF].

Of importance, the present study is the first to explore the effect of NMES on gait kinematics.

Associated with more pronated (in-toeing) feet [START_REF] Scott | Age-related differences in foot structure and function[END_REF], the weaker ankle muscles is known to engender a higher involvement of hip muscles [START_REF] Judge | Step length reductions in advanced age: the role of ankle and hip kinetics[END_REF], causing a higher hip anterior tilt [START_REF] Boyer | Systematic review and metaanalysis of gait mechanics in young and older adults[END_REF] and prolonged hip adduction [START_REF] Judge | Step length reductions in advanced age: the role of ankle and hip kinetics[END_REF]. Considering the observed reduced range of motion and variability of the hip adduction/abduction angles and pelvic anterior tilt, the present intervention seems to have reduced hip implication during gait by reinforcing ankle.

Increasing FPA from -7° to -10° (reduced pronation) allowed a significant restoration of FPA in seniors [normal FPA in young adults being around -13° [START_REF] Seber | Rotational profile of the lower extremity and foot progression angle: computerized tomographic examination of 50 male adults[END_REF]]. This rehabilitation of ankle muscle function and position could have had repercussions on hip and pelvic motion during gait. Lateral motion of the hip and anterior pelvic tilt was reduced. More than the range of motion, the variability of the angular joint position during gait at hip and pelvis level was lowered, and decreasing gait patterns variability may help prevent falls by increasing control of the whole-body position [START_REF] Kobayashi | Key joint kinematic characteristics of the gait of fallers identified by principal component analysis[END_REF].

This hypothesis remains to be tested in future interventional protocols but suggests that rehabilitating neuromuscular function at the ankle level could impact hip motion during older adults' gait.

However, the actimetry results suggest that NMES is not effective in promoting more active behavior in the participants when it comes to physical activity. NMES would lead to participants being less active during the day. Similar results have been reported with traditional voluntary resistance training [START_REF] Laussen | Does physical activity change after progressive resistance exercise in functionally limited older adults?[END_REF].

NMES can also induce muscular fatigue [START_REF] Gueugneau | High-frequency neuromuscular electrical stimulation modulates interhemispheric inhibition in healthy humans[END_REF],

and participants practiced at a particularly high pace (thrice a week) for three months. It is also possible that post-testing actimetry a few weeks after the end of the training could have brought different results; fatigue could disappear and only leaves the stronger muscle and better gait strategy. Alternatively, the effects of the intervention may also fail to be retained following training cessation. Future studies should determine these retention effects.

However, these results suggest that NMES training, while safe and effective in older adults, may need to be combined with more traditional physical activity training to prevent a physical activity level reduction.

Even if most of the studies on NMES did not include a control group [START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF][START_REF] Mani | Neuromuscular electrical stimulation can improve mobility in older adults but the time course varies across tasks: Double-blind, randomized trial[END_REF], the lack of a control group in this present study could be seen as a limitation. However, the functional modifications seen in the present study could not be the consequences of participation itself, resulting in more active behaviors as the participants' activity was controlled by actimetry. Even if no consistent changes in gait kinematics are observed during repeated testing [START_REF] Awad | Effects of repeated treadmill testing and electrical stimulation on post-stroke gait kinematics[END_REF], the testretest effect could partly impact some of the present findings, and randomized controlled trials are needed to confirm these results.

The small sample size of the present study may have resulted in an underpowered analysis.

Because only the very large effects could have been detected otherwise (Cohen's D > 1.2), no correction for multiple comparisons was conducted, allowing the present study to detect 

  Thirty-nine reflective markers were positioned in accordance with the Plug-in-Gait full-body model (Vicon Motion Systems, Oxford, U.K.) on participants in underwear. This method provided the displacement in time of all body segments. The VICON signals were digitized at 100 Hz. All signals were recorded and calculated using a GIGANETLAB unit core, VICON Nexus 2, and PECS 1.1.60305. This allowed calculation of gait velocity (m.s -1 ), step length (m), gait variability (%) (calculated as the coefficient of variation of the step length), step time (s), Foot Progression Angle (FPA) [the angle between the foot vector (projected into the laboratory's transverse plane) and the sagittal laboratory axis, a positive number corresponds to an internally rotated foot], angular Range Of Motion (ROM) (the difference between the highest and the lowest angular positions) and variability of the ankle, hip and pelvic articulation [the standard deviation (S.D.) of the angular position]. The average of the four

  . During the training, the intensity of stimulation was set by the participants, as high as possible, within their tolerance threshold. The training was administered for both legs simultaneously, starting with a 30 minutes training of dorsiflexors, followed by a 30 minutes training of plantarflexors. For dorsiflexor training, two electrodes (Easysnap™, Compex SA, Ecublens, Switzerland) (50 x 50 mm) were placed on each tibialis anterior muscle. For the gastrocnemius stimulation, for each limb, one electrode (50 x 100 mm) was placed on the proximal part of the muscles, and two electrodes (50 x 50 mm) were placed on the two muscles bellies. The participants were asked to remain seated and keep their feet on the floor while relaxing their muscles. Electrode positioning was explained to the participant using pictures and written information. The training lasted for 12 weeks, three times a week. Between the first and the last month, the stimulation frequency of stimulation was increased from 50Hz to 70 Hz. The steady time of the work phase increased from 7 to 8 seconds and the steady time of the relaxation phase decreased from 7 to 4 seconds. The number of stimulation cycles (work phase + relaxation phase) started at 42 cycles by training and ended with 52 cycles during the last month. The participants chose days and times of practice, and one rest-day between two sessions was advised. Participants were contacted by phone once a month to check the compliance with the program. Participants were asked to write the mean intensity of the training session indicated on the stimulator at the end of each session. This was used to determine the observance and feasibility (observance > 80%) of the training based on the number of participants going through the complete training and the mean number of training sessions achieved.

  participants were included and went through the three months of training. Ninetyfour percent of the training sessions were performed. The mean intensity of training was 22.5 ± 9.5 mA for dorsiflexors, and 20.8 ± 8.8 mA for plantarflexors. The intensity between baseline and the end of the training was increased by 35% for the dorsiflexors and 47% for the plantarflexors.

  moderate effects and above(Cohen's D > .6). If all the present variables were to remain in further randomized controlled trials, 29 participants per group would be necessary to detect small improvement related to NMES training of ankle plantar and dorsiflexors (G*Power 3.1). NMES rehabilitation of gait kinematics through ankle training could be particularly effective to preserve gait strategy before gait spatiotemporal parameters are affected, and therefore before substantial mobility decline occurs. While the stimulations parameters and the training frequency seem optimum in regard to the literature[START_REF] Langeard | Does neuromuscular electrical stimulation training of the lower limb have functional effects on the elderly?: A systematic review[END_REF], training larger muscle groups could have led to spatiotemporal improvement. However,[START_REF] Paillard | Is electrical stimulation with voluntary muscle contraction of physiologic interest in aging women?[END_REF] reported no improved gait spatiotemporal parameters after similar rectus femoris and vastus lateralis training[START_REF] Paillard | Is electrical stimulation with voluntary muscle contraction of physiologic interest in aging women?[END_REF].[START_REF] Paillard | Is electrical stimulation with voluntary muscle contraction of physiologic interest in aging women?[END_REF] explained that one possible reason for this lack of improvement could be that the included participants had normal gait parameters without the need to improve. The same explanation could be valid for the present study. Whether NMES training of ankle plantar and dorsiflexors could improve spatiotemporal gait parameters in a population presenting gait deficits should be tested in future studies. It might also take a longer time to integrate the gait strategy changes into changes in spatiotemporal parameters. Further studies should test the effects of NMES training on gait a few weeks after the intervention. This study is the first report of NMES training effects on gait kinematics. The findings should be confirmed in larger subsequent studies, but they highlight that the NMES training could be a promising physical training technique in older adults. NMES training of ankle plantar and dorsiflexors in older adults is feasible at home, safe and could lead to improved neuromuscular performances and positively impact gait kinematics. While NMES might not replace traditional training, it could play a role in the global support of older adults' care by either initiating or maintaining physical activity in older adults who are too frail or too afraid of falling or in a combination of traditional training.

  

  Figure 1: pre and post-training values of foot progression angle

	TABLE1. Participants characteristics TABLE2. Neuromuscular parameters		
		Characteristics Age (mean ± sd) Before Training (Mean [95%CI]) After Training (Mean [95%CI])	Mean ± S.D. 73.6 ± 4.9 P	T	Effect Size (Cohen's Dz)
	Lower Limb Muscular Mass (Kg)	Women (%) BMI (mean ± sd) 7.36 [6.01, 8.71]	9.04 [7.50, 10.58]	50% 25.9 ± 3.2 .014*	2.84	.759
	Plantarflexion (N)	PAS (mean ± sd) 73.84 [69.64. 78.04] 96.14 [79.23, 113.05] <.001* 18.5 ± 5.8	4.28	1.14
		MMSE (mean ± sd)		28.0 ± 1.2		
	Dorsiflexion (N)	Number of comorbidities (mean ± sd) 39.33 [33.03, 45.62] 42.86 [36.51, 49.09]	0.36 ± 0.8 .020*	2.65	.708
		Number of drugs (mean ± sd)	2.6 ± 1.7		
		BMI: body mass index			
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