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    Abstract
Background: The number of total ankle replacements (TARs) is rapidly increasing in consequence of the availability of new designs allowing to save the range of motion and to preserve against adjacent joints degeneration. This study aimed to compare participation in sports 12 months after TAR with either mobile-bearing or fix-bearing prosthesis. Materials and Methods: One hundred and seventeen primary TARs were performed (77 Hintegra, 40 Zimmer Trabecular Metal Total Ankle). We retrospectively assessed pain and function using the visual analogue scale (VAS) pain scale, American Orthopedic Foot and Ankle Society (AOFAS), Short-Form Health Survey (SF-12 divided into Mental (MCS) and Physical (PCS) score) obtained preoperatively, 6 and 12 months postoperatively. Activity levels were determined using the Halasi ankle activity scale and the University of California at Los Angeles (UCLA) score obtained preoperatively and 12 months after the surgery. Radiographic examination included plain radiographs with full weight-bearing taken preoperatively and 12 months postoperatively. Results: All patients showed a significant improvement for AOFAS, VAS, and SF-12 scores (P < 0.05). The Halasi activity scale and UCLA score were 4.2 ± 1.2 and 6.6 ± 1.8, respectively, for the fix-bearing group and 3.7 ± 1.5 and 6.3 ± 2.3 for the mobile-bearing 12 months after the surgery. In our series, jogging, dancing, and skiing represented the three most frequent sports. In the fix-bearing group, 60% of the patients practiced sport 1 year after surgery and 49.4% in the mobile-bearing group. The fix-bearing prosthesis had a quicker recovery and better functional outcomes within the first 6 months after the operation. At 1 year, there was not a significant difference in return to sport and physical activities between patients treated with a mobile-bearing implant and a fix-bearing implant. Conclusions: At 1 year, both fixed and mobile bearing present significant improvements in functional and recreational scores, with neither prove superior.
  


  
    Keywords: Ankle osteoarthritis, fix bearing, mobile bearing, sports activity, total ankle replacement
  


  
    Background


    Ankle osteoarthritis (OA) is a degenerative disease characterized by reduced quality of life and physical ability to accomplish occupational duties and sport and recreational activities in its end stage. Physical ability in patients with ankle OA is equivalent or even worse than that of patients with kidney or heart diseases.[bookmark: ft1][1],[bookmark: ft2][2],[bookmark: ft3][3] The number of total ankle replacements (TAR) being performed has been increased in the past decade in consequence of the availability of new implants design allowing to save the range of motion and to preserve against adjacent joints degeneration.[bookmark: ft4][4] At the same time, patients often request TAR not only for pain relief but also to maintain a satisfactory level of activity to participate in physical activities. There is little guidance in terms of physical and sport activities recommendations following this procedure. In fact, the opportunity of participation in sport and physical activities after TAR is controversial.


    Some studies have evaluated sports' activity levels after TAR,[bookmark: ft5][5],[bookmark: ft6][6],[bookmark: ft7][7],[bookmark: ft8][8],[bookmark: ft9][9] but there are no studies to date focusing on sport and activity levels in patients after mobile-bearing and fix-bearing ankle replacement and on the comparison between these implants.


    Objectives


    Considering the increasing requests for TAR from young and the active elderly, this study aimed [bookmark: ft1][1] to record preoperative and postoperative participation in physical activities and sports and [bookmark: ft2][2] to compare the ability of patients who underwent TAR with either mobile-bearing or fix-bearing design to return to sports and physical activities at a short-time follow-up.


    Materials and Methods


    Between May 2011 and January 2015, 117 primary TARs were performed by the senior author in our institution. The 3-component uncemented Hintegra implant (Newdeal SA, Lyon, France) was used in 77 TARs through an anterior approach [Figure - 1]. In June 2013, our group started using the 2-component uncemented Zimmer Trabecular Metal Total Ankle prosthesis (Zimmer, Warsaw, IN), which was implanted in 40 TARs through a lateral approach with fibular osteotomy [Figure - 2]. In our series, we did not cement the implants: A sufficient stability was reached for each procedure and the osseointegration characteristics of the trabecular metal guarantee a stable and durable fixation.[bookmark: ft10][10]
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        	Figure 1: Weight-bearing lateral radiograph of mobile-bearing total ankle replacements (Hintegra)
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        	Figure 2: Weight-bearing lateral radiograph of fixed-bearing replacements (Zimmer Trabecular Metal Total Ankle)
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    Each prosthesis was performed according to the manufacturer's standardized operative technique.[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft12][12] The indications for the procedure included primary OA, systemic (rheumatoid) arthritis, and secondary OA (e.g., posttraumatic OA, hemophilia, hemochromatosis, gout, and postinfectious OA). Avascular necrosis of the talus involving> 50% of the bone, neuromuscular disorders and neuropathic arthropathy, acute infectious arthritis, and pathologic joint laxity were contraindications.[bookmark: ft13][13]


    Patients who underwent revision surgery for failure of TAR were not included in this study.


    Our postoperative schedule consisted of a nonweight-bearing period of 4 weeks with a short-leg cast, and then, partial weight-bearing with a brace was allowed for 2 weeks. Full weight-bearing and a rehabilitation program (calf strengthening, proprioceptive training, and stretching of the triceps surae) were started 6 weeks postoperatively. Low-impact sports and activities such as swimming or cycling were also permitted. Full return to activity began at 3 months after surgery.


    Clinical evaluation


    The clinical evaluation was made preoperatively (T0) and postoperatively at 6 months (T1) and 1 year (T2). Pain and function were assessed with the 12-Item Short-Form Health Survey (SF-12), the American Orthopaedic Foot and Ankle Society (AOFAS) ankle and hindfoot score and the visual analogue scale (VAS) pain score.[bookmark: ft14][14],[bookmark: ft15][15],[bookmark: ft16][16],[bookmark: ft17][17],[bookmark: ft18][18] These scores were obtained preoperatively and at 6 and 12 months postoperatively. Activity levels were determined using the Halasi ankle activity scale and the University of California at Los Angeles (UCLA) score obtained preoperatively (T0) and 12 months after surgery (T2).[bookmark: ft19][19],[bookmark: ft20][20] Halasi ankle activity scale is a ten-point scoring system in which several sports and physical activities are categorized in ten groups according to biomechanical load of the ankle. Three levels can be selected for each sport discipline ranging from the recreational level (exceeding 1 h/week) to the top level (professional or international elite).


    The UCLA score results from 10 descriptive activity levels: from dependent on others and inactive (level 1) to routine participation in impact sports (level 10).


    Statistical analysis


    Matlab version 2008 (MathWorks, Natick, MA, USA) was used for the statistical analysis on 117 patients composed of 70 males (59.4%) and 47 females (40.2%) with an average of 53.3 ± 14.2 years (range, 22–79). The statistical tests used were ANOVA test and kappa test.[bookmark: ft21][21],[bookmark: ft22][22] For k-score, confidence intervals were defined at 95%. All statistical tests were considered significant with P < 0.05.


    Results


    Demographics


    A total of 117 TARs were included in the study, 59 right-sided (50.4%) and 58 left-sided (49.6%). The main indications for ankle replacement were posttraumatic arthritis (100 patients, 85.5%) and rheumatoid arthritis (six patients, 5.1%).


    Functional results


    In the mobile-bearing group, there was a statistically significant increase in a mean AOFAS hindfoot score between each control point compared to preoperative scores. In addition, there was a statistically significant decrease in the VAS pain score. Furthermore, there was a statistically significant improvement in the mean SF-12 [Table - 1].
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        	Table 1: Clinical parameters score for patient's groups for each control point
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    In the fix-bearing group, there was a statistically significant increase in mean AOFAS hindfoot score for each control point compared to preoperative scores. There was a statistically significant decrease in VAS pain and a statistically significant improvement in the mean SF-12 [Table - 1].


    There was a statistically significant difference in the AOFAS hindfoot score between the two groups at T1 (P < 0.05) as well as for VAS pain score (P < 0.05). We found a statistically significant difference only in the AOFAS hindfoot score at T2 between the two groups (P < 0.05) [Table - 2].
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        	Table 2: Clinical parameters comparison between groups at T1 and T2
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    Sports and recreational activities


    In the mobile-bearing group, there was a statistically significant increase in the Halasi ankle activity scale from 1.4 ± 0.9 at T0 (range, 0–4) to 3.7 ± 1.5 at T2 (range, 0–7) (P < 0.05). Moreover, there was a statistically significant increase in the UCLA score from 2.4 ± 0.8 at T0 (range, 1–5) to 6.3 ± 2.3 at T2 (range, 2–10; P < 0.05) [Table - 3]. Preoperatively, 13 patients (16.9%) were active in sports in the mobile-bearing group and 38 (49.4%) were active in sports 12 months after surgery (P < 0.05). No patients arrested their sports activities; 25 (32.5%) patients, inactive before the procedure, restarted activities postoperatively. Among the physically-active participants, the patients were active in 0.2 ± 0.4 (range, 0–1) different sports disciplines preoperatively and in 1.4 ± 0.5 (range, 1–2) after surgery.
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        	Table 3: Comparison of Halasi and University of California at Los Angeles scores between the groups at each control point
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    In the fix-bearing group, there was a statistically significant increase in the Halasi ankle activity scale from 1.6 ± 1.2 at T0 (range, 0–6) to 4.2 ± 1.2 at T2 (range, 1–7) (P < 0.05). In addition, there was a statistically significant increase in the UCLA score from 2.5 ± 1.0 at T0 (range, 1–5) to 6.6 ± 1.8 at T2 (range, 3–10; P < 0.05) [Table - 3]. In the fix-bearing group, 9 patients (22.5%) were active in sports preoperatively, and 24 (60%) were active in sports 12 months after surgery (P < 0.05). No patients arrested their sports activities; 15 patients (37.5%), inactive before the procedure, restarted activities postoperatively. Among the physically-active participants, the patients were active in 0.37 ± 0.56 (range, 0–2) different sports disciplines preoperatively and in 1.37 ± 0.48 (range, 1–2) after surgery.


    No statistically significant differences exist between mobile-bearing and fix-bearing group for both Halasi and UCLA scores at T0 and T2 [Table - 4].
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        	Table 4: Halasi and University of California at Los Angeles score for patient's groups for each control point
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    In the mobile-bearing group, the most common sports and recreational disciplines after the surgery were running (16.9%), dancing (11.7%), biking (10.4%), and skiing (10.4%). In fix-bearing, the most common sports and recreational disciplines were dancing (17.5%), running (17.5%), and skiing (15%) [Figure - 3].
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        	Figure 3: Number of patients participating in different sports disciplines after total ankle replacements
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    Discussion


    This is the first study that investigated and compared the rate of return to physical demanding activities after TAR with fixed or mobile bearing. Few studies have compared two- and three-component TAR types, but no studies have focused on return to physical and sports activities after these procedures.[bookmark: ft23][23]


    The long-term sequelae of ankle arthrodesis in terms of functional outcomes are debated.[bookmark: ft24][24],[bookmark: ft25][25],[bookmark: ft26][26] Biomechanical studies demonstrate that joint kinematics is more affected by fusion than TAR, even if it is still not clear if this can lead to a difference regarding the activities of daily life or the functional scores.[bookmark: ft27][27],[bookmark: ft28][28],[bookmark: ft29][29] Moreover, patients with combined ankle and subtalar or pantalar fusion have residual pain, increased energy expenditure, and decreased functional capacity [bookmark: ft30][30],[bookmark: ft31][31] while TAR combined with subtalar or nearby joints fusion allows for preservation of ankle ROM and keeps a gait similar to the gait of unaffected patients.[bookmark: ft32][32]


    The number of TAR being performed is increasing, particularly in young active participants as a previous trauma is the most common etiology.[bookmark: ft13][13],[bookmark: ft33][33],[bookmark: ft34][34] In our experience, many patients ask to return to sports and physical activities; the surgeon's answer is still rather empirical and guided by common sense.


    To measure activity levels and to record participation in sports and physical activities, the ankle activity scale developed by Halasi was used.[bookmark: ft19][19] This score was originally used to assess patients with ligamentous injuries of the ankle, but it has already been used to record participation in recreational activities or sports in patients with ankle-related disorders.[bookmark: ft35][35] The UCLA scale has been already used to quantify activity levels in patients with ankle OA [bookmark: ft8][8] even if it was developed to measure activity levels following hip arthroplasty.[bookmark: ft20][20]


    We believe that fix-bearing arthroplasty through a lateral approach allows one to restore physiological sagittal talar position intraoperatively in patients with anterior talar shifting, typical of posttraumatic OA, and leading to a quicker recovery. Moreover, the surgical approach may have influenced the results: Lateral transfibular approach allows a bone stock preservation, through reduced bone resections.[bookmark: ft36][36] Further potential advantages of the lateral approach include: Decreased risk of wound complications, thanks to a more respectful preservation of the distal leg and ankle angiosomes, leading to less vascular disruption,[bookmark: ft37][37] easier identification of the anatomic center of rotation and the possibility to address coronal plane deformities without substantial release, or reconstruction of the deltoid ligament.[bookmark: ft38][38]


    On the other hand, there are improvements in clinical and radiological outcomes 6 months after Hintegra total ankle arthroplasty together with a significant posterior shifting of the talus after the same period.[bookmark: ft13][13] This may be the result of the rebalancing of muscle and ligament forces after surgery and can probably justify the fact that, despite better functional scores (AOFAS hindfoot score and VAS) in the fix-bearing group after the first 6 months following the operation, there was no statistically significant difference in sports and physical activities scores between the two groups at final follow-up.


    The difference between the Halasi and UCLA score could be due to the fact that the UCLA score was originally developed to measure activity levels following hip arthroplasty while Halasi ankle activity scale has been developed, especially for ankle pathologies.


    Our outcomes are in line with the results of other studies concerning return to physically demanding activities after TAR. Valderrabano et al. already showed a significant increase of sports' activity in patients undergoing TAR with mobile-bearing implants with excellent or good outcomes in 83% of cases and 69% of pain-free patients.[bookmark: ft9][9] The AOFAS hindfoot score rose from 36 preoperatively to 84 after TAR. They noticed a higher hindfoot score in sports-active patients than in inactive ones with hiking, biking, and swimming as the 3 most frequent sports activities practiced.


    Bonnin et al. reported that TAR improved patient's quality of life: 76% of the patients (in a retrospective series of 140 mobile-bearing TARs) valued their ankle as normal or nearly normal. They concluded that the return to recreational activities was possible while it was rarely possible in case of impact sports.[bookmark: ft5][5] In our series, 8 patients were able to return to high-impact sports despite being discouraged from medical staff (2 martial arts, 6 single tennis).


    In a recent survey of 173 AOFAS orthopedic surgeons, Macaulay et al. stated that most surgeons were comfortable with aerobic or low impact activities following TARs.[bookmark: ft7][7] Among the surgeons, there was disagreement with low boot immobilized sports; choice was usually based on the previous practice of the patient. High impact, jumping, and cutting disciplines were discouraged as well as poor bone quality, young age, and high body mass index led to more restrictive recommendations. In this study, skiing was one of the most practiced disciplines with good outcomes at 12 months of follow-up.


    In a recent systematic literature review, Horterer et al. stated that there is no evidence showing that the practice of sports' activities could be related with increased failure rate of TAR.[bookmark: ft6][6] They concluded that it remains debated whether ankle arthroplasty results in higher participation in sports. Although we only had 1-year follow-up, none of the patients of our groups underwent a revision surgery within the first 12 months postoperatively.


    In a study of 101 total ankle arthroplasty patients at a mean of 3.7 years, 62.4% of the patients were physically active before the TAR and 66.3% after TAR, but this improvement did not result statistically significant.[bookmark: ft8][8] Interestingly, in our study, the increase of sport-active participants after surgery was statistically significant in both groups. An important finding of their study was that the presence of periprosthetic radiolucencies did not correlate with participation in sports. This is consistent with the study of the survivorship of TAR in 684 patients using a 3-component design. The surgeons found that patients who were sport-active were not at higher risk for failure.[bookmark: ft39][39]


    In a retrospective analysis comparing TAR to ankle arthrodesis, the number of participants active in sport was stable before and after TAR. No significant difference was found in physical or functional outcomes following either ankle arthrodesis or TAR, even if participants of the total ankle arthroplasty group were more likely to attend highly demand activities.[bookmark: ft35][35]


    The main limitations of this study are the short follow-up and small sample. Other limitations are its retrospective nature and the lack of randomization of the groups. Further studies with longer follow-up and greater cohorts of participants are needed to confirm these short-term data.


    Conclusions


    Patient expectations about ankle replacement have increased with many participants expecting to resume or even start physically demanding activities. Patients' expectations must be tempered by a surgeon's perceived risk of higher implant failure due to early polyethylene wear, aseptic loosening, or a periprosthetic fracture. In our study, the fix-bearing prosthesis had a more rapid recovery and better functional outcomes within the first 6 months after the operation. At 1 year, however, there was no significant difference in return to sport and physical activities between patients treated with a mobile-bearing implant and a fix-bearing implant. While we recommend against any high-impact or cutting and jumping activities, we still encourage routine aerobic exercise. Further studies on the longevity and complications of ankle arthroplasties and on return to specific physical activities after TAR are needed to reach guidelines based on stronger levels of evidence.
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  Figure 1: Weight-bearing lateral radiograph of mobile-bearing total ankle replacements (Hintegra)


  Figure: 2
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  Figure 2: Weight-bearing lateral radiograph of fixed-bearing replacements (Zimmer Trabecular Metal Total Ankle)


  Figure: 3
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  Figure 3: Number of patients participating in different sports disciplines after total ankle replacements
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  Table 1: Clinical parameters score for patient's groups for each control point
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  Table 2: Clinical parameters comparison between groups at T1 and T2
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  Table 3: Comparison of Halasi and University of California at Los Angeles scores between the groups at each control point
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  Table 4: Halasi and University of California at Los Angeles score for patient's groups for each control point
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