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teaching and research institutions in France or abroad, or from public or private research centers.  

INTRODUCTION

Osteoarthritis (OA) of the ankle is a common chronic disorder characterized by progressive joint degeneration, significant pain and disability, with approximately 1% of the world's adult population living with symptomatic ankle OA. [START_REF] Agel | Functional Limitations of Patients with End-Stage Ankle Arthrosis[END_REF][START_REF] Cunningham | Epidemiology of musculoskeletal impairments and associated disability[END_REF][START_REF] Glazebrook | Comparison of Health-Related Quality of Life Between Patients with End-Stage Ankle and Hip Arthrosis[END_REF][START_REF] Peyron | The epidemiology of osteoarthritis[END_REF][START_REF] Saltzman | Impact of Comorbidities on the Measurement of Health in Patients with Ankle Osteoarthritis[END_REF] Currently, the "gold standard" surgical treatment is ankle arthrodesis (AA), which provides good pain relief and a relatively well-documented long-term survivalship of AA. [START_REF] Demetriades | Osteoarthritis of the ankle[END_REF][START_REF] Donatto | Arthritis and Arthrodesis of the Hindfoot[END_REF][START_REF] Haddad | Intermediate and Long-Term Outcomes of Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Thomas | Gait Analysis and Functional Outcomes Following Ankle Arthrodesis for Isolated Ankle Arthritis[END_REF][START_REF] Thomas | Ankle arthritis[END_REF] However, AA leads to deficits in work and leisure activities and to adjacent joint degeneration, [START_REF] Beyaert | The effect of tibio-talar arthrodesis on foot kinematics and ground reaction force progression during walking[END_REF][START_REF] Coester | Long-Term Results Following Ankle Arthrodesis for Post-Traumatic Arthritis[END_REF][START_REF] Fuchs | Quality of life 20 years after arthrodesis of the ankle[END_REF][START_REF] Pinsker | Symptom Resolution and Patient-Perceived Recovery Following Ankle Arthroplasty and Arthrodesis[END_REF]54 thought to be a consequence of altered mechanical loads as a result of the change in function of the ankle. [START_REF] Beyaert | The effect of tibio-talar arthrodesis on foot kinematics and ground reaction force progression during walking[END_REF][START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Coester | Long-Term Results Following Ankle Arthrodesis for Post-Traumatic Arthritis[END_REF][START_REF] Fuchs | Quality of life 20 years after arthrodesis of the ankle[END_REF] These disadvantages have encouraged the use of motion-sparing procedures such as total ankle replacement (TAR), the potential benefits of which are conserving the existing pre-operative ankle range of motion (RoM), improving gait and protecting the adjacent joints [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Cenni | Functional performance of a total ankle replacement : thorough assessment by combining gait and fluoroscopic analyses[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF] , although the latter has not yet been proven. [START_REF] Philippe | Ankle Replacement versus Arthrodesis: A Comparative Gait Analysis Study[END_REF] Three-dimensional gait analysis (3DGA) is the state of the art of measuring lower limb joint kinematics and kinetics simultaneously during activities of the daily living. Three narrative reviews of the literature reported the impact of TAR and AA on the lower limb gait mechanics and outcomes. [START_REF] Barton | Biomechanical changes associated with the osteoarthritic, arthrodesed, and prosthetic ankle joint[END_REF][START_REF] Leardini | Biomechanics of the natural, arthritic, and replaced human ankle joint[END_REF][START_REF] Queen | Directing clinical care using lower extremity biomechanics in patients with ankle osteoarthritis and ankle arthroplasty[END_REF] However, these papers did not assess the overall effect size of these procedures on the biomechanical parameters of interest between pre-and post-operative time points, which raises questions regarding the evidence supporting the biomechanical value of TAR and AA in patients suffering from end-stage ankle OA. The relative advantages of TAR versus AA continue to be one of the most debated topics in foot and ankle surgery. Do TAR patients maintain or improve their pre-operative dorsi-/plantarflexion ankle motion during gait? Do TAR and AA patients improve their foot mechanics relative to their preoperative state? The debate also continues as to which ankle prosthesis design should be used to provide the best clinical outcome, the evidence from the TAR group overall being unclear.

The objective of this review is to present a quantitative assessment of the scientific credibility and clinical utility of the present knowledge regarding the assessment of the biomechanical effect of TAR and AA in patients suffering from end-stage ankle OA.

METHODS

The systematic review protocol was developed in accordance to the guidelines provided by the Preferred Reporting of Systematic Reviews and Meta-Analysis (PRISMA) Statement. [START_REF] Moher | Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement[END_REF] The protocol for the review was registered in the International Prospective register for Systematic Reviews (PROSPERO; registration no. CRD42018110053).

Search strategy

The Population, Intervention, Comparison and Outcome (PICO) framework was used to define the search strategy. The following databases were searched from inception: Cochrane Library, PubMed and Web of Science (via ISI Web of Knowledge) (until May 2019). The three main groups of keywords covering all MeSH terms and keywords related to "ankle osteoarthritis", "biomechanical and locomotion metrics" and "ankle arthrodesis / ankle prosthesis" were used in this review (example for PubMed in Fig. 1). Databases were searched by two reviewers, with agreement required on the number of search hits achieved before screening was initiated. References and abstracts of studies were stored alphabetically using the reference management software Mendeley (Elsevier, Netherlands). Additional relevant papers were found by examining the reference lists of papers identified in the initial searches. Duplicate references sourced from different electronic searches were removed. The inclusion and exclusion process was performed by two reviewers (JLB & PAD) based on the title and abstract of the identified papers. A full-text evaluation was undertaken if the title and abstract did not provide adequate information. A consensus meeting was held to resolve any areas of disagreement between reviewers, and the opinion of a 3 rd reviewer (AN) was sought if a consensus was not reached. To affirm the inclusion of all eligible studies, one reviewer (PAD) subsequently manually screened the reference lists of all included articles.

Eligibility criteria

Studies published in English as full papers were eligible for inclusion in this review when they met the following criteria: 1) participants were adults aged ≥18 years undergoing primary TAR and AA; 2) ankle OA was the principal indicator for surgical intervention; 3) studies reported at least pre-operative and post-operative gait data; 4) a minimum of 12 months follow-up providing evidence of any pre-to post-operative changes in gait; 2,51 5) the use of non-invasive/in-vivo 3DGA using a motion capture system to collect at least joint kinematic data based on the trajectories of skin-mounted markers.); and 6) the participants were able to perform the given task unaided. Studies including participants with a history of other major medical conditions affecting gait or previous surgery (e.g. neuromuscular diseases, revision lower limb arthroplasty, etc.) were not eligible for inclusion. Letters, conference proceedings, case reports, cadaveric studies, bone pin (invasive) studies, abstracts and reviews were excluded from the review.

Methodological quality assessment

A modified version of the Downs and Black Quality Index was used to evaluate the methodological quality of the selected papers. [START_REF] Downs | The feasibility of creating a checklist for the assessment of the methodological quality both of randomised and non-randomised studies of health care interventions[END_REF] The methodological quality of the papers was assessed using a subset of the data extracted to gauge both internal and external validity. Two reviewers (PAD, LC) independently evaluated the quality of each study, and any discrepancies were resolved during a consensus meeting. The opinion of a 3 rd reviewer (AN) was sought if a consensus could not be reached. The modified version of the Downs and Black Quality Index [START_REF] Downs | The feasibility of creating a checklist for the assessment of the methodological quality both of randomised and non-randomised studies of health care interventions[END_REF] is scored out of 26, with higher scores indicating higher-quality studies. The studies were ranked using the following classifications: "high quality" (HQ) having scores greater than 21; "moderate quality" (MQ) having scores between 17 and 21; "fair quality" (FQ) having scores between14 and 17 and "poor quality" (PQ) having scores lower than 14. [START_REF] O'connor | Failure of a numerical quality assessment scale to identify potential risk of bias in a systematic review: a comparison study[END_REF] A Kappa inter-rater agreement test (Kappa (K) statistic) was used to evaluate the agreement between the two reviewers (PAD and LC). The K value was interpreted as follows: scores < 0.20 rated as Poor, scores between 0.21-0.40 rated as Fair, scores between 0.41-0.60 rated as Moderate, scores between 0.61-0.80 rated as Good, and scores between 0.81-1.00 rated as Very good. Studies rated as "poor quality" were excluded from the systematic review.

Outcome measures and data extraction

A data-extraction file created in Cochrane Review Manager (RevMan, V.5, Cochrane Collaboration, Oxford, UK) was used to extract numerical data from all studies by two reviewers (PAD & AN). Once completed, one of the two reviewers compared the original data with the extracted data to verify that the data were extracted accurately from the studies included in the meta-analysis. The primary outcome measures for this review were spatiotemporal, kinematic and kinetic parameters reported during level walking. Means and standard deviations (SD) for all gait variables relating to the affected ankle were extracted for pre-operative and the final post-operative assessments in order to determine the long term effect of surgery on gait function, as functional recovery can take 6 to 12 months. [START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] To assist the interpretation of findings, one investigator (PAD) extracted data regarding study design, participant characteristics and publication details.

Data synthesis and analysis

Where adequate data were reported, means and standard deviations (SDs) of the following gait variables were used to calculate standardized mean differences (SMD and 95% confidence intervals) between pre-and post-operative assessments using Cochrane Review Manager (V.5) (RevMan, V.5, Cochrane Collaboration, Oxford, UK): ankle RoM, maximal ankle dorsiflexion and plantarflexion angle, maximal ankle moment, maximal ankle power, knee RoM, hip RoM, walking speed, cadence, stance duration and step length. When means and SDs were not reported by the authors estimations were made using the methodology described by Wan et al. and medians and interquartile ranges used. [START_REF] Wan | Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range[END_REF] Meta-analyses were performed by calculating the effect size using the standardized mean differences, and a random-effects model. Interpretation of SMD magnitude was based on previous recommendations, where SMD values were considered large (> 1.2), medium (0,6-1,2) or small (< 0,6). No significant differences were considered to have been identified from the meta-analysis when the 95% confidence interval was exceeded 0 (P < 0.05). When appropriate data (e.g. means and SDs) were not provided in the publication, authors were contacted with a request to provide additional data. In the case of non-response, the variables were recorded as "not reported" and excluded for further analysis. [START_REF] Hume | Effectiveness of Foot Orthoses for Treatment and Prevention of Lower Limb Injuries[END_REF] Forest plots were produced using Cochrane Review Manager (V.5) to facilitate the interpretation of SMD values and their respective 95% Confidence Interval (CI). Results of studies were pooled if adequate homogeneity was found to occur in terms of research design and outcome measures.

The level of statistical heterogeneity for pooled data was tested by using a chi-squared test and I 2 statistics. [START_REF] Higgins | Measuring inconsistency in meta-analyses[END_REF] Heterogeneity was defined as high (>75%), moderate (50-75%), and low (25-50%). [START_REF] Higgins | Measuring inconsistency in meta-analyses[END_REF] When adequate data were reported in the same international system of units, mean differences (MD and 95% confidence intervals) between pre-and post-operative time points were calculated.
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Evidence-based recommendations

Based on the previous publication of van Tulder et al. (2003), levels of evidence were assigned for each variable of interest, based on the statistical outcomes and methodological quality of the included studies. [START_REF] Van Tulder | Updated method guidelines for systematic reviews in the cochrane collaboration back review group[END_REF] Levels of evidence are described in Table 2.

RESULTS

Review selection and identification

Details of the search results and the process of inclusion and exclusion are shown in Table 1.

A total of 6475 citations were retrieved from the electronic database search. After applying the eligibility criteria and searching reference lists, 129 references were identified as being eligible for full-text review based on their title and abstract. Of these, 112 papers were subsequently excluded, the main reasons for exclusion being cadaveric studies, finite element studies and studies without preoperative gait data. Seventeen papers were included for final review.

Quality assessment

The Downs and Black scale checklist scores ranged from 9 to 23 of a possible 26 (Appendix file 1). Of the 17 studies included, 2 had a score lower than 14 (rated as "poor quality"). [START_REF] Caravaggi | Functional and clinical evaluation at 5-year follow-up of a three-component prosthesis and osteochondral allograft transplantation for total ankle replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF] One study was rated as high-quality scoring between 26 and 22, [START_REF] Queen | Are There Differences in Gait Mechanics in Patients With A Fixed Versus Mobile Bearing Total Ankle Arthroplasty? A Randomized Trial[END_REF] and two studies were rated as "moderate quality" scoring between 18 and 21. [START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF] Twelve studies were rated as "fair quality" scoring between 14 and 17. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Grier | The effect of tibiotalar alignment on coronal plane mechanics following total ankle replacement[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF][START_REF] Pagenstert | Realignment surgery as alternative treatment of varus and valgus ankle osteoarthritis[END_REF][START_REF] Queen | Bilateral differences in gait mechanics following total ankle replacement: a two year longitudinal study[END_REF][START_REF] Queen | The Influence of Concomitant Triceps Surae Lengthening at the Time of Total Ankle Arthroplasty on Postoperative Outcomes[END_REF][START_REF] Queen | Patient-Reported Outcomes, Function, and Gait Mechanics After Fixed and Mobile-Bearing Total Ankle Replacement[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF] The Kappa inter-rater agreement value, including the assessment of the 17 studies, was 0.747 (95% CI 0.682 to 0.813), indicating a good agreement between the two reviewers (PAD and LC). Of the 17 papers, 14 were case series studies, 1 was a prospective cohort study and 2 were retrospective studies (Table 2).

Sample selection, composition and description

Study details including sample sizes, participant demographics and type of prosthesis used are shown in Table 2. The number of participants ranged from 9 to 229 in the 17 studies.

Gender male:female ratio was not reported in 3 studies. The subtype of OA was reported in 8 of the 17 studies. The characterization of the investigated ankle OA describing the subtype of ankle OA and its associated osteo-articular deformity was poorly described in 14 studies.

Post-traumatic ankle OA was the most common aetiology reported by subjects in all of the included studies. Only one study reported the radiographic severity of ankle OA prior to surgery. [START_REF] Valderrabano | Total Ankle Replacement in Ankle Osteoarthritis: An Analysis of Muscle Rehabilitation[END_REF] The most common intervals between intervention and follow up were 12 and 24 months (range: 12 to 49 months).

3.4.Study procedures related to gait specific measurement protocol

Conventional marker setups and lower limb models available with the Motion Capture systems were most commonly used for gait data acquisition, and kinematic and kinetic computation (Table 2). The foot was modelled in most of the studies as a single rigid element, except for the study of Flavin (2013). Variables relating to the mechanical behaviour of the lower limb were limited to the sagittal plane in 12 of the included studies.

Outcome measures

A summary of findings for each gait variable in the meta-analysis is shown in Table 3 &4 and Supplementary Materials with detailed information of the magnitude of effects and the strength of evidence provided below.

Ankle dorsi-/ plantarflexion RoM

Based on the overall pooled SMD from 11 studies totalling 280 participants, moderate evidence indicated an increase in ankle RoM after the implantation of TAR (SMD: 0.68, 95%CI 0.51 to 0.85) with a MD of 3.20° (95%CI 2.44-3.96)(Fig. 2). Mobile-bearing TAR showed similar improvements in ankle RoM than the fixed-bearing TAR (Table 4). 7- 9,11,18,23,26,39,46,51 There was limited evidence of no change in ankle dorsi-/plantarflexion RoM after an AA in the 17 studies (Fig. 3). [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF] 

Maximum ankle dorsiflexion angle

8 studies reported moderate evidence of an increase in ankle dorsiflexion angle after the implantation of a TAR (SMD: 0.37, 95%CI 0.14 to 0.59) with a MD of 1.72° (95%CI 0.70-2.73). [START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Caravaggi | Functional and clinical evaluation at 5-year follow-up of a three-component prosthesis and osteochondral allograft transplantation for total ankle replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF][START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF] Fixed-bearing TAR showed similar improvements in ankle dorsiflexion angle to the mobile-bearing TAR (Table 4). [START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] Limited evidence indicated no change in ankle dorsiflexion angle after an AA. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

Maximum ankle plantarflexion angle

Moderate evidence indicated an increase in ankle plantarflexion angle after implantation of a TAR (SMD: 0.37, 95%CI 0.14 to 0.60) with a MD of 2.03° (95%CI 1.07-2.99). [START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Caravaggi | Functional and clinical evaluation at 5-year follow-up of a three-component prosthesis and osteochondral allograft transplantation for total ankle replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF][START_REF] Queen | Are There Differences in Gait Mechanics in Patients With A Fixed Versus Mobile Bearing Total Ankle Arthroplasty? A Randomized Trial[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF] Six studies [START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Caravaggi | Functional and clinical evaluation at 5-year follow-up of a three-component prosthesis and osteochondral allograft transplantation for total ankle replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF][START_REF] Queen | Are There Differences in Gait Mechanics in Patients With A Fixed Versus Mobile Bearing Total Ankle Arthroplasty? A Randomized Trial[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF] analysing mobile-bearing prostheses reported moderate evidence of an increase in ankle plantarflexion angle after implantation (SMD: 0.38, 95%CI 0.06 to 0.71) with a MD of 2.18° (95%CI 0.78-3.58). However, pooled data of studies analysing fixed-bearing prostheses showed moderate evidence of no increase or decrease in ankle plantarflexion RoM after surgery. [START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] Limited evidence of no change in ankle plantarflexion angle after an AA. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

Peak plantarflexion ankle moment

Based on the pooled SMD from 10 studies totalling 224 participants, there was moderate evidence of an increase in peak plantarflexion ankle moment (SMD: 0.39, 95%CI 0.15 to 0.64) after TAR (Table 3 & 4, Fig. 2). [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Caravaggi | Functional and clinical evaluation at 5-year follow-up of a three-component prosthesis and osteochondral allograft transplantation for total ankle replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF][START_REF] Queen | Are There Differences in Gait Mechanics in Patients With A Fixed Versus Mobile Bearing Total Ankle Arthroplasty? A Randomized Trial[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF][START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] No MD could be given for studies analysing mobile-bearing prostheses as two of the studies [START_REF] Caravaggi | Functional and clinical evaluation at 5-year follow-up of a three-component prosthesis and osteochondral allograft transplantation for total ankle replacement[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF] normalized the data by a length measurement as well as a weight measurement.

There was moderate evidence of an increase in ankle moment after an AA (SMD: 0.54, 95%CI 0.17 to 0.92) with a MD of 0.16 N.m/kg (95%CI 0.05 to 0.27)(Fig. 3). [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

Maximal ankle power

The overall pooled SMD from 8 studies totalling 271 participants showed moderate evidence that patients exhibited an improvement in ankle power generation after TAR compared to pre-operative levels (SMD: 0.71, 95%CI 0.53 to 0.88) with a MD of 0.28 W/kg (95%CI 0.18 to 0.38) (Table 3 & 4, Fig. 2). [START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Queen | Are There Differences in Gait Mechanics in Patients With A Fixed Versus Mobile Bearing Total Ankle Arthroplasty? A Randomized Trial[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF][START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] Three studies indicated moderate evidence that ankle power did not change after an AA (Fig. 3). [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

Knee flexion/extension RoM

There was moderate evidence that patients with a TAR exhibited an improvement in knee flexion/extension RoM after implantation (SMD: 0.37, 95%CI 0.04 to 0.70) of a MD 2.92° (95%CI 0.17 to 5.67). [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF] Two studies [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF] showed limited evidence of an improvement in knee flexion/extension RoM after implantation of a mobile-bearing ankle prosthesis (SMD: 0.61, 95%CI 0.29 to 0.91) with a MD of 4.87° (95%CI 1.29 to 8.26). Two studies using fixed-bearing ankle prostheses showed moderate evidence that there was no difference between pre-and post-operative knee flexion/extension RoM. [START_REF] Queen | Are There Differences in Gait Mechanics in Patients With A Fixed Versus Mobile Bearing Total Ankle Arthroplasty? A Randomized Trial[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] Three studies indicated moderate evidence that knee flexion/extension RoM did not change after an AA. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

Hip Flexion/Extension RoM

The papers provided moderate evidence that patients with a TAR exhibited an improvement in hip flexion/extension RoM after implantation (SMD: 0.62, 95%CI 0.38 to 0.86) with a MD of 3.90° (95%CI 2.33 to 5.46). [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF] The meta-analysis indicated evidence of moderate heterogeneity between studies analysing fixed-bearing prostheses (I 2 = 62%), which was not the case for mobile-bearing prostheses and yielded no significant difference between pre-and post-operative conditions (SMD: 0.55, 95%CI -0.17 to 1.28). [START_REF] Queen | Are There Differences in Gait Mechanics in Patients With A Fixed Versus Mobile Bearing Total Ankle Arthroplasty? A Randomized Trial[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] There was moderate evidence of an increase in hip flexion/extension RoM after an AA (SMD: 0.89, 95%CI 0.44 to 1.34) with a MD of 4.77° (95%CI 2.54 to 7.00). [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

Walking speed

Fourteen studies totalling 534 participants reported moderate evidence that patients with a TAR exhibited an increase in walking speed after surgery (Table 3 & ) with a MD of 0.23 m/s (95%CI 0.19 to 0.27). [START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Caravaggi | Functional and clinical evaluation at 5-year follow-up of a three-component prosthesis and osteochondral allograft transplantation for total ankle replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Grier | The effect of tibiotalar alignment on coronal plane mechanics following total ankle replacement[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF][START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF][START_REF] Queen | Are There Differences in Gait Mechanics in Patients With A Fixed Versus Mobile Bearing Total Ankle Arthroplasty? A Randomized Trial[END_REF][START_REF] Queen | Patient-Reported Outcomes, Function, and Gait Mechanics After Fixed and Mobile-Bearing Total Ankle Replacement[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF][START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] Four studies reported moderate evidence of an increase in walking speed after an AA (SMD: 0.76, 95%CI 0.37 to 1.15) with a MD of 0.17 m/s (95%CI 0.09 to 0.24) )(Fig. 4). [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

Cadence

Based on the overall pooled SMD of 8 studies totalling 247 participants, there was moderate evidence that patients with a TAR exhibited an increase in cadence after implantation (SMD: 0.66, 95%CI 0.45 to 0.87) with a MD of 8.14 steps/min (95%CI 6.03 to 10.25). [START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF][START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] In contrast to the data for mobile-bearing prostheses, the meta-analysis yielded no significant difference in the cadence after implantation of a fixed-bearing ankle prosthesis. [START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] There was moderate evidence that cadence did not change after an AA. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

Stance duration (% of the gait cycle)

Based on a total of 7 studies totalling 199 participants, moderate evidence was found that patients exhibited a decrease in stance duration after the implantation of ankle prosthesis regardless of the type of prosthesis that was implanted (Table 3 & 4) (SMD: -0.35, 95%CI -0.55 to -0.15 and MD -0.01%, 95%CI -0.02 to 0.00). [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Caravaggi | Functional and clinical evaluation at 5-year follow-up of a three-component prosthesis and osteochondral allograft transplantation for total ankle replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF][START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF][START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] One study reported very limited evidence that stance duration did not change after an AA. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF] 

Step Length

Moderate evidence was demonstrated that patients with a TAR exhibited an increase in step length after implantation (SMD: 0.75, 95%CI 0.52 to 0.98). [START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF][START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] No MD could be established as one study [START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF] normalized step length by the height of the subjects. The metaanalysis indicated evidence of moderate heterogeneity between studies analysing fixed-bearing prostheses (I 2 = 62%), in contrast to that for mobile-bearing prostheses, and yielded a significant difference between pre-and post-operative conditions (SMD: 0.84, 95%CI 0.32 to 1.36). [START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Queen | Changes in Pain, Function, and Gait Mechanics Two Years Following Total Ankle Arthroplasty Performed With Two Modern Fixed-Bearing Prostheses[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] Four studies indicated moderate evidence of an increase in step length after implantation of a mobile-bearing ankle prosthesis (SMD: 0.66, 95%CI 0.42 to 0.90) with a MD of 0.06m (95%CI 0.02 to 0.09). [START_REF] Brodsky | Role of Total Ankle Arthroplasty in Stiff Ankles[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF][START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] Limited evidence was demonstrated for no change in step length after an AA. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] 

DISCUSSION

This systematic review aimed to synthesise previous research evaluating the biomechanical effect of TAR and AA in patients suffering from end-stage ankle OA. There is currently limited to moderate evidence that all spatio-temporal variables are improved following TAR irrespective of the type of prosthesis implanted. In contrast, very limited to moderate evidence was shown by the systematic review that there is no improvement in spatiotemporal variables after an AA except for walking speed.

The main potential benefit of TAR over AA reported in the literature is the conservation of the existing pre-operative ankle RoM. [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Cenni | Functional performance of a total ankle replacement : thorough assessment by combining gait and fluoroscopic analyses[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF] Data pooling of ankle kinematics showed a medium effect (3.20°) in increasing the dorsi-/plantarflexion RoM of the replaced ankle, using skin markers to assess motion. This methodology may well have resulted in an overestimation of bone motion due to soft tissue artefact. [START_REF] Nester | Foot kinematics during walking measured using bone and surface mounted markers[END_REF][START_REF] Westblad | Differences in Ankle-Joint Complex Motion During the Stance Phase of Walking as Measured by Superficial and Bone-Anchored Markers[END_REF] The increase in RoM found could also be attributed to accessory offending motion hypermobility of the adjacent foot joints in studies where the foot was considered to be one rigid segment (Table 2). There was moderate evidence that experimental errors or natural gait variability could account for only a small increase in RoM for dorsiflexion (1.72°) and for plantarflexion (2.03°) during gait. [START_REF] Schwartz | Measurement and management of errors in quantitative gait data[END_REF] In the light of these results, it seems that TAR does increase the pre-operative ankle RoM. In contrast, a reduced ankle RoM should be an expected outcome for AA. Although the ankle joint is fused, four studies reported the ankle dorsi-and/or plantarflexion RoM. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF][START_REF] Flavin | Comparison of Gait After Total Ankle Arthroplasty and Ankle Arthrodesis[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] The movements reported in these studies could be due to the rigid foot model used in the studies, the motion reported not being due to true ankle RoM, but the resulting compensation of the neighbouring joints. Future prospective studies evaluating TAR or AA should therefore use a 3D multi-segment foot model to avoid erroneus motion data relating of the surgical effects on foot mechanics.

A second potential benefit of TAR over AA reported in the literature is the protection of the adjacent and non-adjacent joints. [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Cenni | Functional performance of a total ankle replacement : thorough assessment by combining gait and fluoroscopic analyses[END_REF][START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF] Conventional gait models were used in most of the studies included in this review, allowing the evaluation of function of the neighbouring joints (i.e. hip, knee) pre and post surgery (Table 2). Twelve of the seventeen studies limited their analysis to the affected joint without considering the entirety of the lower kinetic chain. From a biomechanical point of view, such consideration is an important facet of any procedure since the segments of the lower limb are a linked system. [START_REF] Dubbeldam | Kinematic coupling relationships exist between non-adjacent segments of the foot and ankle of healthy subjects[END_REF][START_REF] Karandikar | Kinetic Chains: A Review of the Concept and Its Clinical Applications[END_REF] Moderate evidence was found indicating that TAR patients increase their flexion-extension RoM at the knee and the hip post-operatively. [START_REF] Brodsky | Changes in Gait Following the Scandinavian Total Ankle Replacement[END_REF][START_REF] Choi | Prospective Study of the Effect on Gait of a Two-Component Total Ankle Replacement[END_REF][START_REF] Hahn | Comparative Gait Analysis of Ankle Arthrodesis and Arthroplasty: Initial Findings of a Prospective Study[END_REF][START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF][START_REF] Tenenbaum | Functional and clinical outcomes of total ankle arthroplasty in elderly compared to younger patients[END_REF] In contrast, the evidence suggests that arthrodesis patients show no post-operatively change in knee RoM, but an increase (4.77°) in hip RoM. This would seem to reinforce the notion that patients suffering from the ankle OA compensate more at the hip than at the knee for reduced ankle RoM. [START_REF] Segal | A three-year prospective comparative gait study between patients with ankle arthrodesis and arthroplasty[END_REF] Future studies should combine 3D lower limb models with 3D multi-segment foot models to enhance our understanding of the functional compensatory adaptations occurring at the neighbouring joints after TAR and AA.

Both surgical patient groups in this review walked at a faster pace postoperatively (TAR : MD 0.23 m/s; AA : MD 0.17 m/s). However, this increased walking speed could be attributed to a different strategy for each surgical group. [START_REF] Queen | Directing clinical care using lower extremity biomechanics in patients with ankle osteoarthritis and ankle arthroplasty[END_REF] It is suggested that TAR group improved their walking speed by increasing their cadence and reducing their step duration. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF] Similar changes for both spatiotemporal variables were postoperatively obtained in this review. In contrast, it is reported that arthrodesis patients increased their walking speed through an increase in step length accompanied by an increased hip RoM. [START_REF] Brodsky | Abnormalities of gait caused by ankle arthritis are improved by ankle arthrodesis[END_REF] Despite demonstrating the ability to walk faster and increased their hip RoM, the step length did not increase postoperatively for AA group in this review. Conflicting results between studies may explain why we were unable to detect an improvement in step length for AA group (Supplementary material 6).

Moderate evidence was found that all ankle kinetic variables are improved following TAR.

Increase in peak plantar flexion moment and ankle power generation is a good indicator of an improvement in the ability to use the foot to propel forward and an increase in the strength of the calf muscles. [START_REF] Ingrosso | GAIT analysis in patients operated with a novel total ankle prosthesis[END_REF] AA studies demonstrated moderate evidence of an increase in ankle dorsiflexion moment. However, there was also moderate evidence of a lack of effect on the generation of ankle power during gait.

During the past decade, development of TAR design has resulted in two major types: mobilebearing implants, where the polyethylene meniscal bearing is free to slide on both tibial and talar articular surface components fixed to the bones, and fixed-baring implants, where the meniscal bearing is fixed to the tibial component. [START_REF] Leardini | Biomechanics of the natural, arthritic, and replaced human ankle joint[END_REF] Unfortunately, there is a paucity of randomized trial studies which analyse differences in gait mechanics in patients with a fixedversus mobile-bearing TAR. Only one study 39 considered this topic, and revealed no difference in outcomes between the two implant types. Pooled data from trials testing the two types of prosthesis individually showed limited differences in gait mechanics after TAR using the two implant designs (Table 3 & 4), the differences possible being the result of experimental error or natural gait variability. [START_REF] Schwartz | Measurement and management of errors in quantitative gait data[END_REF] There were of course limitations associated with the studies included in this review. The methodological quality assessment of the studies allowed the identification of several methodological limitations, such as the absence of outcome measurer blinding and reporting of methodological validity. Moreover, the categorisation of ankle OA was limited and nonspecific in most of the studies. The heterogeneity in the patho-etiology of ankle OA means that the functional consequences are difficult to define without considering the morphological and structural changes associated with the ankle OA, thereby making it difficult to generate meaningful pooled results for specific ankle OA sub-types. Only one study [START_REF] Valderrabano | Gait analysis in ankle osteoarthritis and total ankle replacement[END_REF] included in the review had an intervention group composed exclusively of post-traumatic ankle OA. In contrast to the global TAR results, patients suffering from post-traumatic ankle OA showed no evidence of an effect of TAR on peak plantarflexion moment, stance duration or step length. Future studies should clearly define the sub-type of end-stage ankle OA and their associated osteoarticular deformity. In the absence of this information, caution should be exercised when considering results generated by pooled data. A further limitation of the review was the lack of access to data generated or analysed in several of the papers. Where necessary authors were contacted with a request to provide additional data. Unfortunately, none of our requests were met, decreasing the number of studies and participants included in the meta-analysis.

CONCLUSION

Current research evaluating changes in gait biomechanics after TAR and AA is limited by a lack of prospective research, low sample sizes and heterogeneity in the patho-etiology of ankle OA. Meta-analysis revealed moderate evidence of a significant increase in lower limb kinematics, kinetics and spatio-temporal parameters after total ankle replacement.

Improvement in gait variables after ankle arthrodesis was limited to ankle moment and walking speed. Increased hip RoM after AA could represent a sign of compensation for the lack of ankle motion. Future studies should combine 3D lower limb models with 3D multisegment foot models to enhance our understanding of the functional compensatory adaptations of the neighbouring joints after TAR and AA.
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Table 1 :

 1 Evidence-based recommendations (van Tulder et al., 2003) 

Table 2 :

 2 Study and patient characteristics (NA : not applicable, NR : not reported, SD : standard deviation, FB : Fixed-bearing, MB : Mobile-bearing; Ankle prostheses : Salto Talaris® (Integra Life Sciences, USA), INBONE (Wright Medical Technology, USA); STAR TM (Stryker, Orthopaedics, USA) ; Agility (Depuys Synthes USA), Hintegra (Integra, US); AES (Ankle Evolutive System, Transystem, France), BOX (Bologna-Oxford,,Finsbury, UK), Mobility (Depuy, UK).

	Autho r (Year)	S tud y Desig n	S ample size (M/F ratio) C TA A T L R A R	Mean age, S D (years) TA A CT R A RL	S ub-type Ankle OA	Type of Prosthesi s	Biome chanic al Model	Foo t as 1 seg me nt	W al k i n g s e p	Joi nts	Pla ne	F ol lo w -p u	Q ua lit y sc e or
													e				
													d				
													S				
													el				
	Segal Cl Biome ch 2018 37	Case series	20 (8/ 12)	1 3 (1 0/ 3)	N A	59. 9 ± 8.7	53 .4 ± 9. 8	NA	NR	FB (Agility / Salto Talaris)	Plug-in Gait	Yes	f-ct s el e	An Hip kle, Kn ee,	Sa gitt al	3 7	17
													e				
													d				
													S				
	Brodsk y FAI 2017 38	Case series	76 (28 /48 )	N A	N A	61. 1 ± 10. 3	N A	NA	PT 42 / 7 RA / 27 PM	M B (STAR)	M odifi ed Helen set market Hayes	Yes	el f-S e ct e el	An kle, Hip ee, Kn	Sa al gitt	1 8 2.	16
													d				
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Table 3 :

 3 Summary findings for gait parameters. Change from pre-operative to post-operative status and quality of the evidence related to Standard Mean Difference (SMD) : (NA: Not applicable, MD : mean difference, deg: degrees, HQ: High quality, MQ : Moderate Quality, FQ : Fair quality) A. Total ankle replacement : pre-operative versus post-operative

	Variables	SMD/ MD	Mea n	Lower 95% CI	Higher 95% CI	I 2	Overall effect	Evidence	Quality studies	Effect
									HQ (Queen	
		SMD	0.68	0.51	0.85	0	P <0.00001		et al., 2017);	
									MQ (Choi et	
									al.,2013), FQ	
									(Valderraban	
									o et al.,	
									2007;	
									Ingrosso et	
									al., 2009;	
	Ankle RoM (deg)	MD	3.20	2.44	3.96	0	P <0.00001	Moderat e	Brodsky et. al., 2011; Hahn et al., 2012;	Mediu m
									Tenenbaum	
									et al., 2017;	
									Brodsky et	
									al., 2017),	
									PQ (Flavin et	
									al., 2013;	
									Caravaggi et	
									al., 2015)	
		SMD	0.37	0.14	0.59	27	P <0.001		MQ (Queen et al., 2012;	
									Choi et al.,	
									2013), FQ	
									(Ingrosso et	
									al., 2009;	
									Tenenbaum	
	Ankle DF RoM (deg)	MD	1.72	0.70	2.73	32	P =0.0009	Moderat e	et al., 2017; Brodsky et al., 2017;	Small
									Segal et al.,	
									2018), PQ	
									(Flavin et al.,	
									2013;	
									Caravaggi et	
									al., 2015)	
		SMD	0.37	0.14	0.60	25	P =0.001		HQ (Queen et al., 2017),	
									MQ (Choi et	
									al., 2013), FQ	
									(Ingrosso et	
									al., 2009;	
									Tenenbaum	
	Ankle PF RoM (deg)	MD	2.03	1.07	2.99	11	P <0.0001	Moderat e	et al., 2017; Brodsky et al., 2017;	Small
									Segal et al.,	
									2018), PQ	
									(Flavin et al.,	
									2013;	
									Caravaggi et	
									al., 2015)	
									HQ (Queen	
		SMD	0.39	0.15	0.64	36	P =0.002		et al., 2017),	
	Ankle Moment (N.m/kg)							Moderat e	MQ (Choi et al., 2013), FQ	Small
		MD	NA	NA	NA	NA	NA		(Valderraban	
									o et al.,	

Table 4 :

 4 Summary findings for gait parameters. Change from pre-operative to post-operative status and quality of the evidence related to Standard Mean Difference (SMD) (NA: Not applicable, MD : mean difference, deg: degrees, HQ: High quality, MQ : Moderate Quality, FQ : Fair quality) A. Total ankle replacement (Mobile-bearing) : pre-operative versus post-operative Total ankle replacement (Fixed-bearing) : pre-operative versus post-operative

	Variables	SMD/ MD	Mean	Lower 95% CI	Higher 95% CI	I 2	Overall effect	Evidence	Quality studies	Effect
	Ankle RoM (deg)	SMD MD	0.64 3.32	0.46 2.32	0.83 4.07	0 0	P< 0.00001 P< 0.00001	Moderate	HQ (Queen et al., 2017), FQ (Valderrabano et al., 2007; Ingrosso et al., 2009; Brodsky et. al., 2011; Tenenbaum et al., 2017; Brodsky et al., 2017), PQ (Flavin et al., 2013; Caravaggi et al., 2015)	Medium
	Ankle DF RoM (deg)	SMD MD	0.23 1.3	0.01 -0.02	0.046 2.61	0 22	P =0.04 P =0.05	Moderate	FQ (Ingrosso et al., 2009; Tenenbaum et al., 2017; Brodsky et al., 2017), PQ (Flavin et al., 2013; Caravaggi et al., 2015)	Small
	Ankle PF RoM (deg)	SMD MD	0.38 2.18	0.06 0.78	0.71 3.58	46 31	P =0.02 P =0.002	Moderate	HQ (Queen et al., 2017), FQ (Ingrosso et al., 2009; Tenenbaum et al., 2017; Brodsky et al., 2017), PQ (Flavin et al., 2013; Caravaggi et al., 2015)	Small
	Ankle Moment (N.m/kg)	SMD MD	0.39 NA	0.06 NA	0.71 NA	47 NA	P =0.02 NA	Moderate	HQ(Queen et al., 2017), FQ (Valderrabano et al., 2007; Ingrosso et al., 2009; Brodsky et. al., 2011; Tenenbaum et al., 2017), PQ (Flavin et al., 2013; Caravaggi et al., 2015)	Small
	Ankle Power (W/kg)	SMD MD	0.73 0.28	0.53 0.15	0.92 0.41	0 64	P< 0.00001 P< 0.00001	Moderate	HQ(Queen et al., 2017) FQ (Valderrabano et al., 2007; Brodsky et. al., 2011; Tenenbaum et al., 2017; Brodsky et al., 2017), PQ (Flavin et al., 2013)	Medium
	Knee RoM (deg)	SMD MD	0.60 4.78	0.29 1.29	0.91 8.26	7 48	P =0.0001 P =0.007	Limited	FQ (Brodsky et. al., 2011; Tenenbaum et al., 2017)	Medium
	Hip RoM (deg)	SMD MD	0.69 4.58	0.39 2.70	0.99 6.45	0 0	P< 0.00001 P< 0.00001	Limited	FQ (Brodsky et. al., 2011; Tenenbaum et al., 2017)	Medium
	Walking speed (m/s)	SMD MD	0.91 0.19	0.71 0.14	1.11 0.24	5 30	P< 0.00001 P< 0.00001	Moderate	HQ (Queen et al., 2017), FQ (Valderrabano et al., 2007; Ingrosso et al., 2009; Brodsky et. al., 2011; Tenenbaum et al., 2017; Brodsky et al., 2017), PQ (Flavin et al., 2013; Caravaggi et al., 2015)	Medium
	Cadence (steps/min)	SMD MD	0.75 8.63	0.49 5.91	1.02 11.34	31 26	P< 0.00001 P< 0.00001	Moderate	FQ (Valderrabano et al., 2007; Brodsky et. al., 2011; Tenenbaum et al., 2017; Brodsky et al., 2017), PQ (Flavin et al., 2013)	Medium
	Stance Duration (%)	SMD MD	-0.30 -0.01	-0.55 -0.02	-0.05 0	0 10	P =0.02 P =0.03	Moderate	FQ (Valderrabano et al., 2007; Ingrosso et al., 2009; Brodsky et. al., 2011; Tenenbaum et al., 2017) , PQ (Caravaggi et al., 2015)	Small
	Step Length (m)	SMD MD	0.66 0.06	0.42 0.02	0.90 0.09	0 59	P< 0.00001 P =0.0007	Limited	FQ (Valderrabano et al., 2007; Tenenbaum et al., 2017; Brodsky et al., 2017), PQ (Flavin et al., 2013)	Medium

-

  Moderate evidence to suggest that lower extremity biomechanics improved after total ankle replacement -Moderate evidence to suggest that total ankle replacement improves pre-operative ankle range of motion by 3° -No difference in outcomes between fixed-versus mobile-bearing prosthesis -Ankle moment, hip range of motion and walking speed increased after ankle arthrodesis