Michaël Rochoy 
email: michael.rochoy@gmail.com
  
Julien Six 
  
Jonathan Favre 
  
Nicolas Lagrange 
  
Jean-Marc Lefebvre 
  
Jean-Charles Rollier 
  
Julien Girard 
  
  
Does hip or knee joint replacement decrease chances to complete an ultra-trail race? Study in participants at the Ultra-Trail du Mont Blanc®

Keywords: Sports, Running, Athletic Injuries, Arthroplasty, Hip Replacement, Arthroplasty, Knee Replacement, Biomechanical Phenomena

niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

without hip or knee joint replacement. Specific symptoms related to these joint replacements were identified before, during and after the race.

Results. --Out of the 24,855 participants having run at least one of the 3 editions, 2,469 responded. Some of them ran several races: these 2,469 runners were on 3,171 start lines and 2,548 finish lines (drop-out rate of 19.6%). Among these 2,469 runners, 18 had hip and/or knee replacement and were on 27 start lines and 17 finish lines (drop-out rate of 37%).

The race was finished by 3 of the 6 runners with a total hip arthroplasty (THA), all of the 8 runners with a hip resurfacing arthroplasty (HRA) and 3 of the 4 runners with a total knee arthroplasty (TKA). Among runners with THA, pubalgia or groin pain was described by one of them before the race, 3 during the race and 2 after the race.

Among runners with HRA, pygalgia or groin pain was described by 2 of them during the race. As for the TKA, there was no specific symptom. No answering runner had a unicompartmental knee prosthesis.

Discussion. -Running ultra-trail is possible after a hip or knee joint replacement. All of the 8 runners with HRA finished the race. We may remain cautious about the longterm survival of prostheses.

Introduction

In France, 10 million people have osteoarthritis: 3% before 45 years old, 65% after 65 years old and 80% of people after 80 years old [START_REF] Cross | The global burden of hip and knee osteoarthritis: estimates from the global burden of disease 2010 study[END_REF]; in 2016, about 150,000 total hip arthroplasties (THA) and 80,000 total knee arthroplasties (TKA) were implanted.

These numbers are constantly increasing, mainly due to the ageing of the population and the increasing prevalence of obesity [START_REF] Ficheur | The risks of pulmonary embolism and upper gastrointestinal bleeding beyond 35days after total hip replacement for coxarthrosis among middle-aged patients: A cross-over cohort[END_REF][START_REF] Weeks | Geographic variation in admissions for knee replacement, hip replacement, and hip fracture in France: evidence of supplier-induced demand in for-profit and not-for-profit hospitals[END_REF]. These patients strongly desire to remain active and/or to resume a satisfactory level of physical activity or even competitive sports [START_REF] Healy | Athletic activity after joint replacement[END_REF]. The issue of resuming sport after a hip or knee joint replacement has therefore been the subject of a number of studies since the 2000s, showing a variable compatibility between moderate intensity sport with light to medium impact and a total hip arthroplasty (THA) [START_REF] Healy | Athletic activity after joint replacement[END_REF][START_REF] Golant | Athletic participation after hip and knee arthroplasty[END_REF][START_REF] Chatterji | Effect of total hip arthroplasty on recreational and sporting activity[END_REF][START_REF] Kuster | Exercise recommendations after total joint replacement: a review of the current literature and proposal of scientifically based guidelines[END_REF][START_REF] Flecher | Hip and knee replacement and sport][END_REF][START_REF] Abe | Jogging after total hip arthroplasty[END_REF][START_REF] Mcgrory | Participation in sports after hip and knee arthroplasty: review of literature and survey of surgeon preferences[END_REF][START_REF] Williams | Predictors of participation in sports after hip and knee arthroplasty[END_REF][START_REF] Klein | Return to Athletic Activity after Total Hip Arthroplasty: Consensus Guidelines Based on a Survey of the Hip Society and American Association of Hip and Knee Surgeons[END_REF][START_REF] Wylde | Return to sport after joint replacement[END_REF][START_REF] Bradley | Return to Sporting Activity After Total Hip Arthroplasty-A Survey of Members of the British Hip Society[END_REF][START_REF] Keren | Sport activity after hip and knee arthroplasty[END_REF][START_REF] Huch | Sports activities 5 years after total knee or hip arthroplasty: the Ulm Osteoarthritis Study[END_REF][START_REF] Yun | Sports after total hip replacement[END_REF][START_REF] Clifford | Sports after total joint replacement[END_REF][START_REF] Innmann | Sports and physical activity after cementless total hip arthroplasty with a minimum follow-up of 10 years[END_REF][START_REF] Meira | Sports participation following total hip arthroplasty[END_REF][START_REF] Oehler | Total Joint Replacement and Return to Sports[END_REF], a hip resurfacing arthroplasty (HRA) [START_REF] Golant | Athletic participation after hip and knee arthroplasty[END_REF][START_REF] Abe | Jogging after total hip arthroplasty[END_REF][START_REF] Williams | Predictors of participation in sports after hip and knee arthroplasty[END_REF][START_REF] Wylde | Return to sport after joint replacement[END_REF][START_REF] Bradley | Return to Sporting Activity After Total Hip Arthroplasty-A Survey of Members of the British Hip Society[END_REF][START_REF] Keren | Sport activity after hip and knee arthroplasty[END_REF][START_REF] Banerjee | Sports Activity After Total Hip Resurfacing[END_REF][START_REF] Naal | Sports after Hip Resurfacing Arthroplasty[END_REF][START_REF] Duff | The relationship of sporting activity and implant survivorship after hip resurfacing[END_REF][START_REF] Bedigrew | When to release patients to high-impact activities after hip resurfacing[END_REF], a total knee arthroplasty (TKA) [START_REF] Healy | Athletic activity after joint replacement[END_REF][START_REF] Golant | Athletic participation after hip and knee arthroplasty[END_REF][START_REF] Kuster | Exercise recommendations after total joint replacement: a review of the current literature and proposal of scientifically based guidelines[END_REF][START_REF] Flecher | Hip and knee replacement and sport][END_REF][START_REF] Mcgrory | Participation in sports after hip and knee arthroplasty: review of literature and survey of surgeon preferences[END_REF][START_REF] Williams | Predictors of participation in sports after hip and knee arthroplasty[END_REF][START_REF] Wylde | Return to sport after joint replacement[END_REF][START_REF] Keren | Sport activity after hip and knee arthroplasty[END_REF][START_REF] Huch | Sports activities 5 years after total knee or hip arthroplasty: the Ulm Osteoarthritis Study[END_REF][START_REF] Clifford | Sports after total joint replacement[END_REF][START_REF] Oehler | Total Joint Replacement and Return to Sports[END_REF][START_REF] Healy | Athletic activity after total knee arthroplasty[END_REF][START_REF] Valle | Does Sports Activity Influence Total Knee Arthroplasty Durability? Analysis with a Follow-Up of 12 Years[END_REF][START_REF] Mont | Knee arthroplasties have similar results in high-and low-activity patients[END_REF] or a unicompartmental knee arthroplasty (UKA) [START_REF] Golant | Athletic participation after hip and knee arthroplasty[END_REF][START_REF] Flecher | Hip and knee replacement and sport][END_REF][START_REF] Williams | Predictors of participation in sports after hip and knee arthroplasty[END_REF][START_REF] Wylde | Return to sport after joint replacement[END_REF][START_REF] Keren | Sport activity after hip and knee arthroplasty[END_REF][START_REF] Waldstein | Sport and physical activity following unicompartmental knee arthroplasty: a systematic review[END_REF].

In high-impact sports (such as running), only a few studies have been carried out recently in patients with a hip or knee joint replacement [START_REF] Girard | Can patients return to highimpact physical activities after hip resurfacing? A prospective study[END_REF][START_REF] Ollivier | Does impact sport activity influence total hip arthroplasty durability?[END_REF][START_REF] Mont | High-Impact Sports After Total Knee Arthroplasty[END_REF][START_REF] Lavigne | Return to sport after hip resurfacing or total hip arthroplasty: a randomized study[END_REF][START_REF] Fouilleron | Running Activity After Hip Resurfacing Arthroplasty: A Prospective Study[END_REF][START_REF] Girard | High-impact sport after hip resurfacing: The Ironman triathlon[END_REF][START_REF] Felts | Function and quality of life following medial unicompartmental knee arthroplasty in patients 60 years of age or younger[END_REF]. The conclusions were cautious but encouraging as to the compatibility of high-impact sports practice with short-term follow-up. There are few data available in ultra-trail sports, or on the long-term follow-up of athletes who have had a hip or knee joint replacement.

However, some patients with a joint replacement run in the Ultra-Trail du Mont-Blanc ® (UTMB ® ). We hypothesized that joint replacements were associated with a high dropout rate during an ultra-trail. Specific complications or symptoms related to joint replacement were analyzed before, during and after the race.

Material and methods

Patients and study design

According to the International Trail Running Association (ITRA) and the French Athletics Federation (FFA), a trail is a race with classification and/or time recording, taking place in a natural environment, in self-sufficiency or semi-sufficiency (with supplies), on paths with the minimum number of asphalt roads. Trails can be divided into 3 race formats according to distance and altitude: short distance trail (less than 42 km), trail (42 to 80-100 km) and ultra-trail (more than 80 km according to the FFA and 100 km according to the ITRA, with more than 2,000 meters of altitude difference). The total asphalt surfaces do not exceed 25% in short distance trails and 15% in trails or ultra-trails. UTMB ® is a worldwide trail running event taking place We conducted a retrospective cross-sectional study for all runners involved in at least one of the five UTMB ® races between 2015 and 2017.

Methods

An online questionnaire of 27 questions, translated in French, English and Spanish, was sent by the UTMB ® Medical Commission in October 2017 by email. Two reminders were sent in November and December 2017. The completed questionnaires had no missing data (all questions had required answers before being sent) (appendix 1). The questionnaire analyzed the sociodemographic data, the presence of a hip or knee joint replacement, the occurrence of complications or symptoms before, during and after the race and the status during the race (finisher or not). The responses were forwarded to the investigators in December 2017, then anonymized and processed in January 2018. We obtained agreement from the

Commission Nationale de l'Informatique et des Libertés (CNIL) (N°2141805v0).

There were no exclusion criteria.

Methods of assessment

The compatibility of ultra-trail practice with hip or knee joint replacement was assessed by the drop-out: thus, our primary judgement criterion assessed the influence of the arthroplasty on sporting performance by analyzing whether the runners had succeeded in finishing the race or not (regardless of the reason for dropping-out). The distance run before the drop-out was not known. The drop-out rate was calculated for all the runners and for the runners with joint replacement.

Symptoms or complications related to joint replacement were identified before, during and after the race (the time of occurrence of these symptoms was left to the discretion of the runner responding to the questionnaire). Aspecific symptoms were also asked in the joint replacement and control groups.

Statistical analysis

The quantitative variables were described by their means and standard deviations.

The qualitative variables were described by their numbers (N) and percentages. The results were described in terms of runners and not in terms of joint replacement (one runner could have had several joint replacements).

There were no missing data among the sent questionnaires (the questionnaires could not be incomplete before validation). The results were analyzed on RStudio 0.98.

The level of proof for this monocentric retrospective epidemiological study is IV.

Results

Drop-out rate

In our study, 2,469 runners answered the questionnaire (Figure 1).

The respondents had run a mean number of 1.8 races over the 3-year period. Thus, these 2,469 runners represented 4,332 registrations (17.4% of the total 24,855 registrations over the period). Of the 4,332 runners registered, 1,161 dropped-out before the race (26.8%); among the 3,171 runners on start line, 623 dropped out during the race (19.6%) and 2,548 finished (80.4%) (Table 1). In total, of the 2,469 runners who were registered at 4,332 races, 1,161 dropped-out before the race and 623 during the race (41.1%); of the total 24,855 runners registered, 7,580 dropped out (30.5%).

Of the 2,469 runners who answered the questionnaire, 18 had a hip or knee replacement and were on 27 start lines and 17 finish lines (63%) (Table 2). We had no answer from runners with a hip or knee replacement who dropped-out before the race.

Symptoms related to the practice of ultra-trail

No responding runner reported a unicompartmental knee arthroplasty. Of the 4 runners with a total knee arthroplasty (TKA), 3 out of 4 had completed the ultra-trail (Table 2).

Two patients had 2 THA (one finished the CCC race, the other dropped-out during the OCC race). In our sample, runners with a THA or TKA were more likely to have run OCC, CCC or TDS races; runners with HRA were more likely to have run UTMB (Table 2).

Among the 6 runners with one or more THA, 6 specific symptoms occurred:

• Before the race: a runner had pubalgia on the side of the arthroplasty requiring a decrease in training load, physiotherapy and icing.

• During the race: 3 runners had groin pain, on the arthroplasty side, requiring for 2 of them a drop-out, and for the third kinesitherapy cares at the refreshments.

• After the race: 2 runners had groin pain requiring rest and physiotherapy.

One patient had symptoms before, during and after the race.

Among the 8 runners with HRA, 2 specific symptoms occurred during the race (none before or after): one runner had groin pain on the operated side, and another had pygalgia. No action or drop-out was required for these runners (Table 3).

Discussion

There are few data available in ultra-trail sports, or on the long-term follow-up of patients who have hip or knee joint replacement. However, it is known that some athletes with arthroplasty ran in the Ultra-Trail du Mont-Blanc ® (UTMB ® ). Our results indicate that it is possible to perform ultra-trails after a hip or knee replacement, without a high rate of drop-out. In our sample of 18 runners with joint replacements, 17 finished one of the 27 races (63%). Contrary to expectations, there were fewer drop-outs in the TKA group (1/4; 25%) than in the THA group (3/6; 50%); however, the number of TKA remains low to be able to conclude formally. As for the hip arthroplasty, the runners who had an HRA ran a longer distance than those with a THA (UTMB of 170 km versus OCC and CCC of 51 and 101 km); they also had fewer symptoms (no drop-out after HRA versus 2 drop-outs after THA). The main and specific symptoms for patients with a joint replacement were pubalgia or groin pain, as in the literature [START_REF] Lavigne | Return to sport after hip resurfacing or total hip arthroplasty: a randomized study[END_REF][START_REF] Girard | High-impact sport after hip resurfacing: The Ironman triathlon[END_REF].

It can be emphasized that the characteristics (age, weight, height) were similar in our sample of runners with a hip or knee joint replacement, in our sample of runners without joint replacement, and in samples of recent studies about runners with arthroplasties [START_REF] Ollivier | Does impact sport activity influence total hip arthroplasty durability?[END_REF][START_REF] Mont | High-Impact Sports After Total Knee Arthroplasty[END_REF][START_REF] Lavigne | Return to sport after hip resurfacing or total hip arthroplasty: a randomized study[END_REF][START_REF] Fouilleron | Running Activity After Hip Resurfacing Arthroplasty: A Prospective Study[END_REF].

Our study has several limitations. This is a survey sent to all runners of 3 editions of the UTMB; the response rate was 17.4%. The characteristics of the 82.6% of nonrespondents are not known, apart from the drop-out rate. However, the completed questionnaires had no missing data (all questions had required answers before being sent).

Our target population is an extremely rare one. Thus, obtaining answers of 18 runners with 20 joint replacements running in the UTMB ® is a relative strength when we know the characteristics of this population, but is also a limitation to the constitution of scientifically rigorous conclusions. Due to this small number of patients, no comparative statistical analysis was conducted.

There was a possible selection bias: the drop-out rate among our sample (41.1%) was higher than the global drop-out rate (30.5%). As the questionnaire was sent by email, the participation of runners who did not use the internet was limited.

Nevertheless, registration for the UTMB ® is already done on the internet. As the questionnaire was only translated into 3 languages (French, English, Spanish), the studied population was limited. However, these 3 languages are widely spoken by the participants at these French races. Symptoms were sought in the open field, only for patients with a joint replacement (to look for specific complications, such as loosening or fracture). Some data may be inaccurate: for example, the timing of a symptom was left to the runner's discretion.

Nor could we distinguish between a drop-out related to joint replacement and a dropout related to any other circumstances.

We have included all the races of the UTMB ® , including the OCC which is not strictly an ultra-trail (55 km).

Among the runners with hip joint replacement, the rate of finishers and the rate of specific symptoms seems better with HRA than THA. HRA surgery is proposed to young patients, often very athletic with a reassuring bone stock, which is not necessarily the case for patients with THA [START_REF] Girard | Hip resurfacing before 50years of age: A prospective study of 979 hips with a mean follow-up of 5.1years[END_REF]. However, in our study, the mean age was comparable (43.6 ± 3.2 years for HRA versus 48.3 ± 11.1 for THA); other parameters were not evaluated in the 2 groups, such as those related to running experience, past injuries, training, HRA versus THA indication, self-medication [START_REF] André | Training modalities and self-medication behaviors in a sample of runners during an ultratrail[END_REF], etc.

Several recent studies have addressed the issue of the practice of high-impact sports by athletes with a hip or knee joint replacement and have reached similar conclusions: high-impact sports such as running are possible after HRA without significant complications in the short term [START_REF] Girard | Can patients return to highimpact physical activities after hip resurfacing? A prospective study[END_REF][START_REF] Ollivier | Does impact sport activity influence total hip arthroplasty durability?[END_REF][START_REF] Mont | High-Impact Sports After Total Knee Arthroplasty[END_REF][START_REF] Lavigne | Return to sport after hip resurfacing or total hip arthroplasty: a randomized study[END_REF][START_REF] Fouilleron | Running Activity After Hip Resurfacing Arthroplasty: A Prospective Study[END_REF][START_REF] Girard | High-impact sport after hip resurfacing: The Ironman triathlon[END_REF]. Runners can even return to a level of competition equivalent to the pre-operative level. However, it is recommended to remain cautious about the long-term survival of joint replacements since no study have been conducted with long-term monitoring.

Conclusion

The practice of ultra-trail (and a fortiori high-impact sports) is possible after hip and/or knee joint replacement. These data do not lead to any conclusion as for the type of hip replacement to be recommended. However, all the patients with HRA finished the UTMB® races.

Despite these limitations, this study provides a first element of answer for surgeons and runners, as to the possibility of practicing ultra-endurance sports after arthroplasty. Further studies are needed to monitor the long-term fate and survival of joint replacements in ultra-trail runners. Given the difficulty of obtaining enough patients in a race such as the UTMB ® , such a study should be considered over several Ultra-Trail World Tour races over the next several years.

  around the Mont Blanc Massif. There are 5 races: Orsières-Champex-Chamonix (OCC), 55 km with a positive altitude difference of 3,500 meters; Courmayeur-Champex-Chamonix (CCC), 101 km with a positive altitude difference of 6,100 meters; Sur les traces des Ducs de Savoie (On the footpath of the Dukes of Savoy, TDS), 121 km with a positive altitude difference of 7,300 meters; Ultra-Trail du Mont-Blanc (UTMB), 170 km with a positive altitude difference of 10,000 meters and La Petite Trotte à Léon (Little trot of Leon, PTL), 300 km with a positive altitude difference of 25,000 meters. Between 2015 and 2017, 24,855 runners were registered for one of the five UTMB ® races: 4,420 for the OCC (55 km), 6,401 for the CCC (101 km), 5,419 for the TDS (121 km), 7,715 for the UTMB (170 km) and 900 for the PTL (300 km). Of the 24,855 runners registered, 7,580 dropped out (30.5%) and 17,275 finished (69.5%). Some of them participated in several editions [37].
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