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Inter-segmental moments computed by inverse dynamic during gait come from active moments, due to muscle contraction, but also from passive moments, resulting from the resistance of the periarticular structures to their deformation. The evaluation of the proportion of the inter-segmental moments that can be attributed to passive moments has led to divergent results. Thus, the purpose of this study was to systematically search and synthesize the evidence of the contribution of passive moments to inter-segmental moments during healthy and pathological gait. A broad systematic search was performed including four databases.

Thirteen studies met all inclusion criteria. Results showed that passive moments participate to intersegmental moments during gait in a non-negligible way. For the ankle, the evaluation of the proportion of inter-segmental moment attributed to passive structures is 5% to 20% around the push-off. For the knee, this proportion is 40% to 98% during late swing and 10% to 80% during the single support phase.

For the hip, it is 20% to 50% at push-off. For pathological population, it has been shown that this contribution may sometimes be more important, either due to a smaller inter-segmental moment or a larger passive moment.

These results suggest that passive mechanisms can contribute substantially to normal human gait, facilitating the propulsion or the braking of the joint. Passive structures, acting as elastic springs, thus help to reduce the energy cost of gait. For pathological gait, studying the contribution of passive moments to inter-segmental moments can help to better understand the aetiology of the pathology.

Introduction

Human joints are complex mechanisms made of a set of structures allowing their proper functioning and preservation. Some are passive, such as the skin, ligaments, tendons, joint capsule. Others can be active, namely the muscle tissue under contraction. During a joint movement, all of these structures will play a role. Inter-segmental moments computed by inverse dynamic are the result of both deformations of the periarticular structures and contractions of muscles, either voluntarily or as a reflex. In the absence of muscular contraction, tissue deformations of skin, tendons, muscles, fascia, ligaments and joint capsule generate resistance to movement and produce so-called passive moments.

These passive moments have been measured in-vivo in several studies [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF][START_REF] Edrich | Analysis of passive elastic joint moment in paraplegics[END_REF][START_REF] Mansour | The passive elastic moment at the knee and its influence on human gait[END_REF][START_REF] Riemann | The Effects of Sex, Joint Angle, and the Gastrocnemius Muscle on Passive Ankle Joint Complex Stiffness[END_REF][START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF]. Joints are passively moved automatically, using an isokinetic dynamometer, or manually with a custom-made device, to obtain the necessary passive forces to mobilize the joint. Those studies have highlighted the increase of the passive moments as a function of the joint angle, up to significant values at the end of the range of motion. Moreover, some authors have identified mathematical models, usually exponential, of the passive moment-joint angle relationship [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF][START_REF] Nordez | Caractérisation et modélisation du comportement mécanique du complexe musculo-articulaire en conditions passives[END_REF][START_REF] Riemann | The Effects of Sex, Joint Angle, and the Gastrocnemius Muscle on Passive Ankle Joint Complex Stiffness[END_REF][START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF]. These models suggest that substantial passive moments could be present in normal gait, and may be influenced by the stretch of biarticular muscles [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] .

The ability of the elastic properties of passive structures to store energy has long been recognized as a mechanism for lowering the energy cost of locomotion [START_REF] Cavagna | Mechanical work in terrestrial locomotion: two basic mechanisms for minimizing energy expenditure[END_REF][START_REF] Heger | A quasi-linear viscoelastic model for the passive properties of the human hip joint[END_REF][START_REF] Marsh | Partitioning the energetics of walking and running: swinging the limbs is expensive[END_REF][START_REF] Saibene | Biomechanical and physiological aspects of legged locomotion in humans[END_REF]. Indeed, the elastic deformation of passive structures may allow energy storage and return during gait in order to accelerate the body segments, thus reducing the active part (i.e. muscle contraction) of required energy. However, the extent to which this phenomenon is present during the gait remains controversial. The evaluation of the proportion of inter-segmental moment that can be attributed to the deformation of the passive structures has led to divergent results and interpretations ranging from negligible [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF][START_REF] Vrahas | Contribution of passive tissues to the intersegmental moments at the hip[END_REF] to major [START_REF] Mansour | The passive elastic moment at the knee and its influence on human gait[END_REF][START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF][START_REF] Muraoka | Estimation of passive ankle joint moment during standing and walking[END_REF][START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF]. Thus, the contribution of passive moments to inter-segmental moments during gait is not clearly identified, whether for healthy or pathological subjects.

The purpose of this study was to systematically search, identify, criticize, analyze and synthesize the evidence of the contribution of passive moments, characterized in vivo, to the inter-segmental moments computed during gait. Specifically, the following question was addressed: To what extent do passive moments contribute to the lower limb (ankle, knee and hip) inter-segmental moments during healthy and pathological gait?

Method

This systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [START_REF] Liberati | The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration[END_REF].

Literature search

A single reviewer performed a web-based search for relevant literature. This search strategy was conducted among studies that were published from the earliest available date (1952) through January 2020. An electronic database search was performed in PubMed, SCOPUS, 1Findr and American Search Premier using the following search terms: (moment or torque) and joint and (gait OR walking) and contribution. Broad search terms were used to ensure that all articles with potential for inclusion in this review were evaluated. Results were limited to English language articles.

Eligible Study

Duplicates from the total search result were removed. Then, the titles and abstracts of articles identified were assessed by one of the authors to determine whether the article met our inclusion criteria (listed below). In the case of disagreement, a second author was consulted. If the title or abstract did not provide sufficient information to determine eligibility, the article was read to determine whether it met the criteria or not.

In order to be included in the systematic review, papers should provide an assessment of the contribution, at the joint level during gait, of passive moment, characterized from in-vivo measurements. There were no restrictions on the type of participants; all populations were eligible for the study. Thus, papers were not retained if they provided:

-Only the characterization of the passive moments without relating them to inter-segmental moments during gait.

-Only the contribution to inter-segmental power or work -Passive moments inferred from a musculoskeletal model (even if their contributions were provided) -The study of quasi-stiffnesses (without distinguishing passive moments from active)

Results of a preliminary study on two children [START_REF] Gaudreault | A method to evaluate contractures effects during the gait of children with Duchenne dystrophy[END_REF] were considered only for the hip because results for the ankle are assumed to be updated in a next study on 25 children of the authors [START_REF] Gaudreault | Evaluation of plantar flexion contracture contribution during the gait of children with Duchenne muscular dystrophy[END_REF].

Unclear decisions of study selection were discussed in meetings with authors to reach consensus.

Attempts were made to contact publication authors to clarify information.

Quality assessment

All studies included were assessed by three reviewers for their methodological quality. Since, PRISMA quality assessment tool was not applicable to our papers due to the study design, a customized quality assessment tool was developed based upon the STROBE statement (STrengthening the Reporting of OBservational studies in Epidemiology) [START_REF] Vandenbroucke | Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): explanation and elaboration[END_REF][START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational studies[END_REF] and other systematic reviews in biomechanics [START_REF] Lempereur | Validity and reliability of 3D marker based scapular motion analysis: a systematic review[END_REF][START_REF] Moissenet | Alterations of musculoskeletal models for a more accurate estimation of lower limb joint contact forces during normal gait: A systematic review[END_REF][START_REF] Peters | Quantification of soft tissue artifact in lower limb human motion analysis: a systematic review[END_REF]. Thus, 14 appraisal questions were developed and are presented in Table 1. Each question was rated as 0 (no description), 1 (limited description) or 2 (good description) or indicated non-applicable. In case of discrepancy between reviewers, the original article was checked to ensure the correct coding, and a consensus was found between authors.

[Table 1]

Data extraction

Data extraction was completed by one author. Study characteristics were recorded and summarized.

The extracted data were focused on:

-The studied population -The studied joint -The method used to measure passive moments and estimate inter-segmental moments -Qualitative or quantitative results expressing the contribution of passive moments These themes were selected to create a comprehensive illustration of each article for analysis. When the methods were only partially described in the original article, comprehensive information was retrieved from references and author's previous works to provide comparable data across the selected studies.

[Figure 1]

Results

Search results

The PRISMA flow of information diagram representing the numbers of articles that were excluded and reasons for exclusion, was used to track the search process as detailed in Figure 1.

After removing the duplicates and screening relevant titles and abstracts, 32 full-text articles were identified as potentially relevant and assessed for eligibility by reading the full text. Of those, 19 were rejected with reasons provided in Figure 1.

Therefore, 13 studies, spanning from 1982 to 2018, were identified as meeting all the inclusion criteria.

Their characteristics are presented below in Table 3.

Quality of reviewed articles

The quality of the reviewed articles is summarized in Table 2. Overall score of each article was calculated by the sum of rated questions divided by the number of applicable questions. Most of the selected studies (n=11) were all of high quality, with a scoring ranged between 80% and 100% and 2 articles had a score between 70% and 80%.

Most studies demonstrated high quality in the areas of context, research objectives, participant characteristics, equipment design and set-up, results, key findings and conclusions. However, some questions were only partially answered. For example, movement tasks were not always clearly described, mainly due to a poor description of the range of motion tested, the velocity of the mobilization or the position of the adjacent joints. Moreover, limitations of the studies were not always discussed and no study performed sample size calculations. Although the sample sizes were clearly stated, they were never statistically justified. Most of the studies reported only descriptive statistics (i.e. mean, standard deviation, root mean square error, and correlation).

[Table 2]

3.3.Studied population and joints

The different authors have all studied a healthy population and sometimes compared to a pathological population. Thus, 6 studies have focused on pathological cases: [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF] on 1 hemiparetic adult, [START_REF] Gaudreault | A method to evaluate contractures effects during the gait of children with Duchenne dystrophy[END_REF] on 1 child with Duchenne's disease, studied for the hip, [START_REF] Gaudreault | Evaluation of plantar flexion contracture contribution during the gait of children with Duchenne muscular dystrophy[END_REF] on 11 children with Duchenne's disease, studied for the ankle, [START_REF] Tardieu | Toe-walking in children with cerebral palsy: contributions of contracture and excessive contraction of triceps surae muscle[END_REF] on 13 CP children, [START_REF] Hines | Passive elastic contribution of hip extensors to joint moments during walking in people with low back pain[END_REF] on 25 adults with low back pain, [START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF] on 22 subjects with severe equinus.

The main joints of the lower limb, hip (n=7), knee (n=3) ankle (n=7) were all studied. Nevertheless, we note more studies on the ankle and hip than on the knee.

Methods

In a significant number of articles (n=11) the joint is passively mobilized in order to measure the passive actions of all the periarticular structures by establishing, in particular, the passive moment-joint angle curve. Only [START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF] employ a different protocol, by analyzing the gait patterns during stance phase before and after the injection of a tibial nerve block used to assist in isolating the contributions of the deformation of the passive structure from the inter-segmental moment.

Finally, a distinction in the calculation of the contribution of passive moments should be noted. Indeed, some authors directly relate the passive (during passive solicitation) and inter-segmental (during gait) moments obtained on the same subject. While others infer the contribution from inter-segmental moments reported in the literature. On the contrary, [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] use generic passive moment-joint angle relationships [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF][START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF].

A more detailed description of the different test methods is available in Supplementary Material. In this document, we detail, for each paper, the position of the subject and of the distal and/or proximal joints, the stretch velocity as well as the material used to measure the moments and the angles during the passive test.

[Table 3]

3.5.Contribution values of passive moments

The contribution of passive moments to inter-segmental moments could be quantitatively assessed.

Here, the main results shown in Table 4 and Figure 2 are presented. The convention used to represent the curves of moments corresponds to that recommended by the International Society of Biomechanics [START_REF] Derrick | ISB recommendations on the reporting of intersegmental forces and moments during human motion analysis[END_REF]. The reader can invert the ankle and hip curves to find a convention more generally used by the clinicians.

A distinction has to be made, among the different papers, between those that define a passive moment-angle relationship and are able to determine a contribution of passive moments throughout the gait cycle and those that provide a contribution value at a specific instant of time.

Healthy subjects

At each joint, contribution peaks of different amplitudes have been identified at different instants of the gait cycle. If no details are given, all the below-mentioned results refer to a flexion-extension movement.

Ankle

For the ankle, a main contribution peak has been detected, in 4 studies, at push-off in different proportions.

Thus, [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF], using the passive moment-joint angle relationship developed by Riener and[START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF][START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] found a contribution from passive structures around 20% of the inter-segmental extension moment measured during gait. For [START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF], this contribution may even be more important, around 45%. Nevertheless, [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF], based this time on the results of [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF], as well as [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF] estimated more negligible passive moments in the order of 6%.

Similarly, 3 studies expressed this contribution around the push-off. Indeed, [START_REF] Gaudreault | Evaluation of plantar flexion contracture contribution during the gait of children with Duchenne muscular dystrophy[END_REF] and [START_REF] Tardieu | Toe-walking in children with cerebral palsy: contributions of contracture and excessive contraction of triceps surae muscle[END_REF] found 18% and 14.4% respectively in healthy children at 60% and 55% of the stance phase, while for [START_REF] Muraoka | Estimation of passive ankle joint moment during standing and walking[END_REF], it was 5.8% when the length of the medial gastrocnemius muscle-tendon complex is maximal, an instant estimated at 45% of the gait cycle [START_REF] Barber | Medial gastrocnemius and soleus muscle-tendon unit, fascicle, and tendon interaction during walking in children with cerebral palsy[END_REF].

The curves provided by [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF], [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF], [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF] and [START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF], allow estimation of the participation of passive structures at these times. Thus, [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] (based on [START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF]), [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] and [START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF] assessed a contribution from 20% to 40%, while [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] (based on Amankwah et al ( 2004)) and [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF] evaluated a more negligible participation of no more than 10%.

Finally, a last value is specified in the literature by [START_REF] Gaudreault | Evaluation of plantar flexion contracture contribution during the gait of children with Duchenne muscular dystrophy[END_REF] at 30% of the stance phase and evaluates the contribution of passive moments to the inter-segmental moments at 58% in healthy children. Similarly, based on the curves in the literature, this contribution is also considered significant by [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] (based on [START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF]), [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] and Maurer et al (1995) (22.7%, 46.5% and 42.8% respectively), but more negligible by [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] (based on Amankwah et al ( 2004)) and Siegler et al (1984) (7.1% and -1.2% respectively).

Knee

For the knee, fewer results are available. Two contribution peaks were found by [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] and [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] at single support and late swing. However, these results differ between the two studies. For the first peak, [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] highlighted a passive moment contributing to 23% (based on [START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF]) and 10% (based on Amankwah et al ( 2004)), while [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] found a passive moment contributing to movement at 79% of the total moment. Similarly, for the second peak, at the late swing, the values vary between 98% and 46%.

It should also be noted that [START_REF] Mansour | The passive elastic moment at the knee and its influence on human gait[END_REF] during their study determined passive moments generally higher than total moments during walking.

Hip

At the hip, 7 studies report contribution values at different instants of the gait cycle. One peak of contribution was highlighted by [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] and [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF]. During the toeoff, these studies and the one of [START_REF] Yoon | The passive elastic moment at the hip[END_REF] seem to agree on a contribution of passive moments between 20% and 50% of the inter-segmental hip flexion moment. Similarly, [START_REF] Gaudreault | A method to evaluate contractures effects during the gait of children with Duchenne dystrophy[END_REF] showed that at the end of energy absorption phase, defined as the end of the hip extension during the stance phase, an instant assumed to be around the toe-off, 44.7% of the inter-segmental moments came from passive structures in one healthy child. In addition, at an instant described as just before the toe-off, [START_REF] Vrahas | Contribution of passive tissues to the intersegmental moments at the hip[END_REF] found a less important contribution of 10%.

Gasparutto et al (2018) (based on [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF]) also found two more peaks of contribution of passive moments to the inter-segmental extension moments at the beginning and end of the cycle.

During double support and late swing, passive moments would participate of up to 16% and 80% respectively. Moreover, [START_REF] Hines | Passive elastic contribution of hip extensors to joint moments during walking in people with low back pain[END_REF] estimated this contribution when the hip flexion is maximal, which is assumed to also correspond to an instant during the late swing [START_REF] Fukuchi | A public dataset of overground and treadmill walking kinematics and kinetics in healthy individuals[END_REF][START_REF] Winter | Kinematic and kinetic patterns in human gait: Variability and compensating effects[END_REF] and determined that nearly 40% of the inter-segmental moment could be attributed to the deformation of the passive structures. Nevertheless, such contributions were not highlighted by [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] or [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] (based on [START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF]). [START_REF] Lee | Passive moment about the hip in straight leg raising[END_REF] are the only one to express explicitly the contribution at the heel-strike in the range of 10 to 30%. Based on the curves provided by [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] and [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF], the contribution expressed at this instant of the gait cycle varies between the different articles from -250% to 11%. Furthermore, at an instant expressed as just before the heel-strike, [START_REF] Vrahas | Contribution of passive tissues to the intersegmental moments at the hip[END_REF] and [START_REF] Yoon | The passive elastic moment at the hip[END_REF] also found disparate results i.e. 5% and 60-100% respectively.

Again, based on the curves provided by [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] and [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF], values also vary between 9% and 100%.

Finally, since [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF] are the only authors who have studied passive hip solicitation in abduction-adduction, [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] could assess the contribution of passive moments to inter-segmental moments about this axis. It is interesting to note that during these movements, the deformation of passive structures also seems to contribute during gait. Nevertheless, this result should be taken with caution, since [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF] stated that the determined passive moment-joint angle model corresponded poorly with these experimental data on this axis.

Pathological subjects

Six studies have attempted to determine the contribution of passive moments during gait in pathological subjects. Among them, [START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF] and [START_REF] Tardieu | Toe-walking in children with cerebral palsy: contributions of contracture and excessive contraction of triceps surae muscle[END_REF] classified subjects according to their contribution values. Since their contribution calculation was based on the ratio of passive moment to inter-segmental moment, the contribution could be important when the passive moment was high or when the inter-segmental moment was low. The resulting interpretation was then modified.

Therefore, [START_REF] Tardieu | Toe-walking in children with cerebral palsy: contributions of contracture and excessive contraction of triceps surae muscle[END_REF] attempted to explain the origin of toe-walking in children with cerebral palsy based on the contribution values at the ankle, at a precise instant of the gait cycle. In some subjects, the contribution being low, due to low passive moment and normal inter-segmental moment, toe-walking would then be the consequence of excessive contraction of the triceps surae. On the contrary, for other subjects, the contribution being high, due to a high passive moment, toe-walking would then be the consequence of an excessive contracture of the passive structures surrounding the ankle. This way of reasoning was also proposed by [START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF], in order to distinguish the cause of toe-walking, observed in some patients, between spasticity and contracture.

Besides, [START_REF] Gaudreault | Evaluation of plantar flexion contracture contribution during the gait of children with Duchenne muscular dystrophy[END_REF] and [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF] highlighted the potential beneficial effect of a contracture. Indeed, they showed an increase in the contribution for their pathological subjects compared to healthy ones : 25% versus 18% at 60% of stance phase [START_REF] Gaudreault | Evaluation of plantar flexion contracture contribution during the gait of children with Duchenne muscular dystrophy[END_REF] and 25% versus 6% at toe-off [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF]. This increase was either due to substantial passive contracture, a decrease in the active part or both. In some patients with high passive moments but low inter-segmental moments, the increase in passive contracture compensated for the lack of muscle contraction during ankle extension during the propulsion phase.

Otherwise, [START_REF] Hines | Passive elastic contribution of hip extensors to joint moments during walking in people with low back pain[END_REF] showed that, in people suffering from low back pain the contribution of passive moment to hip extension inter-segmental moment, was more important than in healthy subjects from 50% to 100% of maximal hip flexion.

[Table 4]

Discussion

Search results

At the end of this literature review, the most striking point is the limited number of studies on the contribution of passive moments during gait, especially for the knee. Several authors have focused on characterizing the effect of the deformation of the passive structures, notably by determining a passive stiffness value (Alhusaini et al., 2010;[START_REF] Barber | Passive muscle mechanical properties of the medial gastrocnemius in young adults with spastic cerebral palsy[END_REF][START_REF] Edrich | Analysis of passive elastic joint moment in paraplegics[END_REF][START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF].

However, few of them have related these data to inter-segmental moment during gait.

We tried to use broad search terms in 4 different databases to ensure the inclusion of as many articles as possible. Finally, our research strategy identified 13 studies. All of them were evaluated with a good quality. Nevertheless, protocols were not always clearly described and limitations not always discussed.

The main joints of the lower limb (hip, knee, and ankle) were studied. However, less data are available for the knee. This may be due to the difficulty of implementing an experimental protocol that allows its passive solicitation. Moreover, the metatarsophalangeal joint, whose usefulness during gait has been demonstrated [START_REF] Mann | The function of the toes in walking, jogging and running[END_REF][START_REF] Zammit | Plantar pressure distribution in older people with osteoarthritis of the first metatarsophalangeal joint[END_REF], has been passively characterized few times [START_REF] Heng | A novel method of measuring passive quasi-stiffness in the first metatarsophalangeal joint[END_REF][START_REF] Man | Is passive metatarsophalangeal joint stiffness related to leg stiffness, vertical stiffness and running economy during sub-maximal running?[END_REF] but the contribution of its passive moment during gait has never been studied.

Reported contribution discrepancies between studies may be due to anthropometric differences in the subjects tested in the studies. In addition, the different measurement methods (material, protocol cf. Supplementary material) used for passive solicitations, as well as the different techniques for calculating inter-segmental moments by inverse dynamics, may also explain the observed differences.

Moreover, the contribution is not always calculated in the same way. For some authors, the contribution is only inferred by inter-segmental moments reported in the literature. Thus, passive and gait moments are measured on different subjects. Consequently, the results obtained this way should be taken with caution.

In addition, the different studies do not always provide a contribution value for the same instants of the gait cycle. The comparison of the results of those studies is then delicate.

Finally, these differences blur the general understanding and make it difficult to compromise on the contribution values of the passive moments during gait, which nevertheless seem to participate in a non-negligible way at some instants.

At the ankle, the passive moments seem to participate during the second half of the stance phase between 5% and 40%, and in particular at push-off. The deformation of passive structures of the knee produce non-negligible passive moments during the late swing and the single support phase, counting for more than 40% and from 10% to 79% of the inter-segmental moments respectively. At the hip, the articles agree with a contribution of passive moments around 20-50% at toe-off.

Role of passive structures during gait

Functionally, these contributions of the passive moments to the inter-segmental moments could play several roles. Indeed, it would enable to save energy, by reducing the necessary part of the muscle contraction to the movement. [START_REF] Gasparutto | Contribution of passive actions to the lower limb joint moments and powers during gait: A comparison of models[END_REF] and [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] expressed this contribution in terms of power and found contribution to positive power of the ankle and knee at pushoff, and during the flexion phase of the hip, but also to resistive power at the end of the swing phase for the knee and throughout the extension phase of the hip. Thus, this participation of the passive structures would reduce the energy cost of gait. This phenomenon has also already been highlighted in the literature. For instance, [START_REF] Heger | A quasi-linear viscoelastic model for the passive properties of the human hip joint[END_REF] showed that at the hip joint, 73% of the passively stored energy is returned during the gait cycle.

Similarly, [START_REF] Simonsen | Explanations pertaining to the hip joint flexor moment during the stance phase of human walking[END_REF], based on the absence of intra-muscular EMG signal in the rectus femoris and iliacus, estimated that it is likely that approximately 70% of the hip joint flexor moment come from the deformation of the passive structures.

Another aspect noted in studies such as [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] and [START_REF] Heger | A quasi-linear viscoelastic model for the passive properties of the human hip joint[END_REF] is the transfer of energy via the bi-articular muscles. Indeed, [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] highlighted the role played by these muscles, particularly the gastrocnemii and rectus femoris, in the transfer of energy from one joint to another. At the knee, the absorption of energy by the rectus femoris occurs at the same time as its generation at the hip, suggesting that this muscle transfers energy from one joint to another.

Similarly, gastrocnemii muscles, by being stretched during the dorsiflexion, shall store elastic energy, which they will release when the ankle is plantarflexed.

Therefore, it appears that passive structures act as elastic springs or stops for the joints of the lower limb, slowing down the segments by storing elastic energy and generating power instantaneously by releasing this energy. This action can thus facilitate propulsion or control of the lower limbs, thereby reducing the energy cost of healthy gait.

In the case of pathological gait, increased passive stiffness can be observed due to several physiological disorders at the muscle tissue level [START_REF] Barber | Passive muscle mechanical properties of the medial gastrocnemius in young adults with spastic cerebral palsy[END_REF][START_REF] Marcucci | Increase of resting muscle stiffness, a less considered component of age-related skeletal muscle impairment[END_REF][START_REF] Pavan | Alterations of Extracellular Matrix Mechanical Properties Contribute to Age-Related Functional Impairment of Human Skeletal Muscles[END_REF][START_REF] Riemann | The Effects of Sex, Joint Angle, and the Gastrocnemius Muscle on Passive Ankle Joint Complex Stiffness[END_REF]. Thus, the study of the contribution of passive moments would allow to detail the aetiology of an impairment by classifying subjects according to the value of this contribution.

In addition, in the case of a significant contribution due to a contracture, this one could have a beneficial effect, by compensating for the weakness of the active structures affected. This phenomenon highlighted by [START_REF] Gaudreault | Evaluation of plantar flexion contracture contribution during the gait of children with Duchenne muscular dystrophy[END_REF] and [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF], is also displayed by [START_REF] Lamontagne | Contribution of passive stiffness to ankle plantarflexor moment during gait after stroke[END_REF], who determined that the contribution of passive stiffness to gait stiffness on the paretic side is 2 to 3 times greater (16.8% on average) than that of the non-paretic side (7.3%) and the control group (5.9%) or by [START_REF] Sekiguchi | The contribution of quasi-joint stiffness of the ankle joint to gait in patients with hemiparesis[END_REF] whose findings suggest that ankle power during gait might be generated by increasing quasi-joint stiffness in patients with hemiparesis. Thus, the passive structures could supplement the active structures affected. Indeed, in some patients with high passive stiffness but low quasi-stiffness, the increase in passive stiffness compensates for the lack of muscle contraction during ankle extension during the propulsion phase. [START_REF] Salsich | Effect of plantar flexor muscle stiffness on selected gait characteristics[END_REF] also found that passive ankle stiffness explained 34% of the variance in quasi-stiffness during gait in subjects with diabetes and peripheral neuropathy.

Clinically, studying the passive contribution enlightens on the mechanisms present during pathological gait and must be considered in order to address the best therapeutic decision. Pathological hyper-resistance to passive stretch have been clearly defined during an European consensus and it has been stated that it was essential to distinguish its non-neural component, which is related to a modification of tissue properties leading to an increased stiffness, from its neural one, which is composed of velocity-dependent stretch hyper-reflexia and non-velocity dependent involuntary background activation (central nervous system related) component (van den [START_REF] Van Den Noort | European consensus on the concepts and measurement of the pathophysiological neuromuscular responses to passive muscle stretch[END_REF]. Thus, studying the passive moment contribution would enable to determine to what extent passive stiffness disturb the gait and would permit to focus treatment on non-neural (orthopaedic surgery, casts or splints) or neural component (selective dorsal rhizotomy, botulinum toxin type A and baclofen).

4.3.Limitations and recommendations for future research

Various assumptions are made in the studies included in this review. First is to assume that passive properties are additive with the active components present. Indeed, if there is a more complex interaction between passive and active components to total moments is not currently understood and therefore warrants further investigation [START_REF] Hines | Passive elastic contribution of hip extensors to joint moments during walking in people with low back pain[END_REF][START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF]. This is likely a reasonable assumption for fully passive structures such as the joint capsule, ligaments, and skin.

However, the interaction of passive and active components in muscle fiber remains an area of active research [START_REF] Epstein | Aspects of skeletal muscle modelling[END_REF]. Only [START_REF] Muraoka | Estimation of passive ankle joint moment during standing and walking[END_REF] separate the passive contributions of the muscle fiber and the rest of the joint to the passive moment, in order to consider the decrement of passive moment due to muscle fascicle shortening upon contraction. This distinction highlights that the decrement of the contribution of passive moment to total inter-segmental moment due to muscle fascicle shortening was calculated to be 2.5% during standing and 2.2% during walking initiation.

Other interactions between passive and active actions, at the level of the musculo-tendon units, are not taken into account. The use of muscle contractions to modulate tendon length and adjust elastic storage and release appears as a strategy to optimize gait energetics [START_REF] Wilson | The anatomical arrangement of muscle and tendon enhances limb versatility and locomotor performance[END_REF]. This is particularly efficient in muscles with a long tendon part as for plantarflexors and it can be only studied using musculoskeletal modelling [START_REF] Arnold | How muscle fiber lengths and velocities affect muscle force generation as humans walk and run at different speeds[END_REF][START_REF] Arnold | Fibre operating lengths of human lower limb muscles during walking[END_REF][START_REF] Lai | Muscle-specific indices to characterise the functional behaviour of human lower-limb muscles during locomotion[END_REF].

Conversely, this literature review deliberately adopts a macroscopic and experimental point of view, easily applicable in clinics and on pathological subjects. This way, the contribution of the passive moments to the inter-segmental moments during gait can be seen as a baseline of the potential elastic storage and release (i.e. only due to musculo-tendon stretch in the absence of muscle contraction).

Still, it is interesting to note that this baseline estimated by generic musculoskeletal modelling (i.e. when setting all activations to 0 during gait) appear to be consistent with the results of the present review [START_REF] Lai | Why are Antagonist Muscles Co-activated in My Simulation? A Musculoskeletal Model for Analysing Human Locomotor Tasks[END_REF][START_REF] Rajagopal | Full-Body Musculoskeletal Model for Muscle-Driven Simulation of Human Gait[END_REF].

Then, from a methodological point of view, most papers use different biomechanical models for the calculation of passive and inter-segmental moments. Inter-segmental moments during gait are computed by inverse dynamics using well-defined kinematic and inertial models. Whilst in most of the articles, passive moments are computed with basic 2D free body diagram and sometimes neglecting the segment weight [START_REF] Hines | Passive elastic contribution of hip extensors to joint moments during walking in people with low back pain[END_REF][START_REF] Lee | Passive moment about the hip in straight leg raising[END_REF][START_REF] Mansour | The passive elastic moment at the knee and its influence on human gait[END_REF][START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF]. Thus, unifying the calculation of the moments could prevent some approximations. Only [START_REF] Gaudreault | A method to evaluate contractures effects during the gait of children with Duchenne dystrophy[END_REF] and [START_REF] Whittington | The contribution of passiveelastic mechanisms to lower extremity joint kinetics during human walking[END_REF] offer a method that allows to match the biomechanical measurement models between gait and passive stretch (in particular the definition of the joint coordinate system axes).

In addition, improvements to the mathematical models of the passive moment-angle joint relationship would be desirable. Firstly, hysteresis related to the viscoelastic properties of the passive structures is present during passive loading and unloading. Thus, the moment value for a given angle depends on the direction of the solicitations (from flexion to extension or from extension to flexion). Most of the papers do not take this difference into account by averaging the measures obtained according to the direction. This compromise, justified by the fact that low-speed solicitation minimizes the hysteresis, remains at the origin of approximations that can affect the final determination of the contribution of passive structures during gait. Nevertheless, in the literature, different models have been proposed to take this hysteresis into account [START_REF] R243 Chan | Using a discrete preisach model for hysteresis in ankle joint passive moment[END_REF][START_REF] Heger | A quasi-linear viscoelastic model for the passive properties of the human hip joint[END_REF][START_REF] Nordez | Caractérisation et modélisation du comportement mécanique du complexe musculo-articulaire en conditions passives[END_REF]. In pathological population, physiological disorders modify passive properties, which may lead to a more hysteresis and velocity-dependent behaviour (Alhusaini et al., 2010;[START_REF] Singer | Velocity dependent passive plantarflexor resistive torque in patients with acquired brain injury[END_REF]. Thus, the use of such models could increase the accuracy of the evaluation of the passive contribution, but these ones can be more complex to estimate.

Another approximation may come from the used solicitation speed. Indeed, various authors [START_REF] Lamontagne | Impaired viscoelastic behaviour of spastic plantarflexors during passive stretch at different velocities[END_REF][START_REF] Mcnair | Stiffness and passive peak force changes at the ankle joint: the effect of different joint angular velocities[END_REF][START_REF] Nordez | Caractérisation et modélisation du comportement mécanique du complexe musculo-articulaire en conditions passives[END_REF][START_REF] Singer | Velocity dependent passive plantarflexor resistive torque in patients with acquired brain injury[END_REF] have shown that the passive moment may depend on the speed at which the joint is mobilized. This relationship is not considered in the mathematical models proposed by the studies in this review.

Thus, the solicitation speed should ideally match the speeds recorded during the desired movement for the comparison. In order to do this, some authors have used the average velocity during the stance phase [START_REF] Lamontagne | Contribution of passive stiffness to ankle plantarflexor moment during gait after stroke[END_REF][START_REF] Salsich | Effect of plantar flexor muscle stiffness on selected gait characteristics[END_REF]. Nevertheless, during the swing phase of gait, the lower limb joints can reach 300°/s [START_REF] Mentiplay | Lower limb angular velocity during walking at various speeds[END_REF]. However, at such a speed, the response of the musculo-articular complex may no longer be passive due to the presence of stretch reflexes. But even for solicitation velocity matching the studied movement velocity or for low-speed solicitation, the passive moments may be compounded by muscle actuation. This aspect remains difficult to control experimentally through instructions given to the subject and surface EMG.

Moreover, the different studies except Gasparutto et al (2018) (based on [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF]) have all investigated passive solicitations during a flexion-extension movement. In the case of healthy gait, this may be sufficient, since movements in other planes are minimal at the various joints. However, in the case of pathological gait, it might be interesting to consider the other planes, for which nonnegligible moments can be determined. The use of a 3D passive moment model at the different joints, and especially at the hip, could prove to be highly beneficial.

The improvement of these models seems to be an asset in order to better quantify the contribution of passive moments to inter-segmental moments, but would require the estimation of more parameters than at present, and the performance of more tests under different conditions, which could be difficult to implement.

Finally, it appears that the determination of the contribution of passive moments to inter-segmental moments during gait, or any other activity, remains an area for further research. Understanding how and to what extent the musculo-articular complex responds passively to a solicitation can greatly improve our understanding of the mechanisms related to locomotion and better treat certain gait disorders. Moreover, this characterization of passive contributions could be used, to develop more robust musculoskeletal models, used in gait analysis and simulation studies, with personalized calibration according to the participation of passive structures, which are generally misestimated in these models [START_REF] Dumas | Influence of joint models on lower-limb musculo-tendon forces and three-dimensional joint reaction forces during gait[END_REF][START_REF] Lai | Why are Antagonist Muscles Co-activated in My Simulation? A Musculoskeletal Model for Analysing Human Locomotor Tasks[END_REF]. As a result, this may help to avoid misestimating the active musculo-tendinous actions.

Conclusion

The inter-segmental moments estimated during gait result from the contraction, voluntary or involuntary, of the muscles surrounding the joint as well as the deformation of the periarticular passive structures. Nevertheless, the importance played by these passive structures during the gait remains unclear.

A consensus, as to a contribution value, cannot be formulated for the different joints. Nevertheless, at the ankle, a contribution peak appears at push-off around 5-20% of the inter-segmental moments, the passive structures would then mainly participate in its propulsion. At the knee, these would facilitate the braking of the joint at the end of the swing phase. At this stage, passive moments are found to be more than 40% of the inter-segmental moments. These also would help during the single support phase between 10% and 79%. Finally, at the hip, propulsion would also be facilitated. At toe-off, the deformation of passive structures of the hip produce non-negligible passive moments, counting from 20% to 50% of the inter-segmental moments.

In the case of pathological gait, analysing the contribution of passive structures would allow a better understanding of the origin of an impairment, especially since these structures could, in some cases, play a beneficial role in supplementing active structures that have been damaged.
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The passive hip moment at toe-off is approximately 30-50% of the total computed hip moment at this time.

In the neighborhood of heel strike the passive hip moment can be calculated to be approximately 60-100% of the total moment at this time. [START_REF] Siegler | Passive and active components of the internal moment developed about the ankle joint during human ambulation[END_REF] Healthy Pathological

Hemiparetic (n=4+1)
Ankle Passive moment is measured during passive solicitations matched with the angular displacement during the stance phase.

Passive moment throughout the stance phase is determined.

Inter-segmental moment during the stance phase is calculated by inverse dynamic. Contribution is calculated from the ratio between passive and intersegmental moments.

Contribution is calculated throughout the stance phase and contribution peaks are highlighted.

Healthy

The results from the healthy subjects indicate that during normal level walking the passive component contributes no more than 6.5% to the inter-segmental moment about the ankle. This maximum value is reached at approximately 80% of the stance phase period. Thus, the contribution of the passive component was found to be negligible.

Pathological

For the pathological subject the passive component reached values as high as 25% (average = 21%) of the inter-segmental moment developed about the ankle during locomotion. corresponding to the various stages in the gait cycle. Thus, for this limited range of activities, the assumption of negligible contribution of passive structures is reasonable. [START_REF] Maurer | Quantitative identification of ankle equinus with applications for treatment assessment[END_REF] Healthy Pathological Equinus (n=9+22) Ankle Gait patterns during stance phase were analysed before and after the injection of a tibial nerve block used to assist in isolating the passive contributions from the total moment. Contribution is calculated from the ratio between the moments preand post-TNB throughout the stance phase of the gait cycle.

Healthy Post-TNB injection the maximum positive moment was 45.3% of the pre-TNB value. Passive moments can contribute substantially to normal human walking.

Pathological

No mean value but case-studies showing the differentiation between excessive contracture pathologic and spasticity pathologic subjects. [START_REF] Lee | Passive moment about the hip in straight leg raising[END_REF] Healthy (n=14)

Hip

Passive moment is measured during passive solicitations. From the experimental data, a passive moment -joint angle relationship is determined. Using typical hip joint angles at heel strike from the literature the passive hip moment during gait is calculated.

Inter-segmental moments during gait were extracted from the literature.

Contribution is calculated from the ratio between passive and intersegmental moments.

Passive moment contribution is about 10-30% of the total hip moment at heel strike. Thus, the contribution of passive soft tissues to the total moment is not insignificant. Healthy At the end of energy absorption phase of gait, the passive contribution is around 45%.

Pathological

At the end of energy absorption phase of gait, the passive contribution is around 33%. From the experimental data, a passive moment -joint angle relationship, taking account of the distal/proximal joints, is determined. Using kinematics of all joints measured during gait, passive moment during gait is computed. Inter-segmental moment during gait is calculated by inverse dynamic. Contribution is calculated from the ratio between passive and intersegmental moments throughout the gait cycle.

Contribution is calculated throughout the gait cycle but contribution peaks are highlighted at each joint.

Hip Passive moments coincided temporally with the inter-segmental hip flexor moment, producing on average 35% of the peak total moment at toe-off. Knee Two peaks of passive moment contribution occurred at single support and late swing for, respectively, -4% and 46% of the inter-segmental moment.

Ankle Passive ankle moments coincided temporally with the inter-segmental ankle plantarflexor moment, producing on average 21% of the peak total moment at push-off.

Together, these results suggest that passive moments can contribute substantially to normal human walking. Inter-segmental moment during gait is calculated by inverse dynamic.

Contribution is calculated from the ratio between passive and intersegmental moments for angle values corresponding to every 5% of the stance phase.

Healthy At 30% of the stance phase, the passive contribution is around 58%. At 60% of the stance phase, the passive contribution is around 18%.

Pathological

At 30% of the stance phase, the passive contribution is around 27%. At 60% of the stance phase, the passive contribution is around 25%. Passive moment during gait is computed using kinematics of all joints during gait and passive moment -joint angle relationships from the literature [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF][START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF].

Inter-segmental moment during gait is calculated by inverse dynamic.

Contribution is calculated from the ratio between passive and intersegmental moments throughout the gait cycle.

Contribution is calculated throughout the gait cycle but contribution peaks are highlighted at each joint. Hip Passive moments coincided temporally with the inter-segmental hip flexor moment, producing 20% (based on [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF] or 34% (based on [START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF] of the peak moment at toe-off. Two peaks of passive moment contribution occurring at double support and late swing have also been found, but only with one model, accounting for 16% and 80% of the intersegmental moment, respectively. (based on [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF] Knee Two peaks of passive moment contribution occurring at single support and late swing for, respectively, 10% and 53% (based on [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF] or 23% and 98% (based on [START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF] of the inter-segmental moment.

Ankle Passive ankle moments coincided temporally with the inter-segmental ankle plantarflexor moment, producing 6% (based on [START_REF] Amankwah | Effects of spinal cord injury on lower-limb passive joint moments revealed through a nonlinear viscoelastic model[END_REF] or 20% (based on [START_REF] Riener | Identification of passive elastic joint moments in the lower extremities[END_REF] of the peak moment at push-off. 
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Knee

Passive moment is measured during passive solicitations.

Inter-segmental moment during gait is extracted from the literature at selected times, where joint angles fitting those during passive solicitations.

Contribution is calculated from the ratio between passive and intersegmental moments.

The passive moment generally exceeds the intersegmental moment required for locomotion.

Tardieu et al. (1989) Healthy Pathological

Cerebral Palsy

(n=5+13)

Ankle Passive moment is measured during passive solicitations.

Inter-segmental moments during gait were calculated by inverse dynamics.

Contribution is calculated from the ratio between passive and intersegmental moments at one instant.

Healthy For healthy children, the ratio R was 14.4 ± 3.0%.

Pathological

The pathological children were divided into two groups according to the value of ratio R. Group CPI was characterized by a small value of ratio R = 1.4± 2.0%. Group CPII was characterized by an abnormally high value of the ratio. Group CPII-1, R = 43.0 ± 12.0%, and Group CPII-2, R = 25.0 ± 6.0%. [START_REF] Vrahas | Contribution of passive tissues to the intersegmental moments at the hip[END_REF] Healthy (n=15)

Hip

Passive moment is measured during passive solicitations.

Inter-segmental moments during gait were extracted from the literature at selected times, where hip and knee angles fitting those during passive solicitations. Contribution is calculated from the ratio between passive and intersegmental moments.

Just before heel-strike, an average passive hip moment of only 2.2 Nm, or 5% of the intersegmental moment reported for this stage of gait is found. Just before toe-off, an average passive hip moment of only 4.7 Nm, or 10% of the intersegmental moment reported for this stage of gait is found. Moreover, compared to inter-segmental moments at the hip, passive moments were relatively low at all hip and knee angles