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Introduction
People with a total hip replacement are advised to avoid high-impact physical activities (PA) due to concerns about their safety on the implant. High-impact PA is important for people with a joint replacement, given that they are at an age where the risk of osteoporosis is greater. However, the safety of such PA on the implants is uncertain. This study aims to quantify hip implant lands across a spectrum of high-impact PA in people with a joint replacement.

Materials and Methods
Eleven high-functioning people with a total hip replacement (55.9 [9.8] years) enrolled. Three-dimensional (3D) optical motion capture (Vicon, Oxford, UK) with in-ground force plates (Kister, Switzerland) and an instrumented treadmill (Bertec, USA) were used. Participants performed both overground and treadmill walking and running (various slopes and cadences), countermovement jumps, unilateral and bilateral hopping, drop landing, and change of direction (COD) at various intensity levels.
Musculoskeletal simulations to calculate muscle forces, hip and knee contact forces were performed (AnyBody Modeling System, Denmark). A detailed musculoskeletal model of the trunk and lower limbs was scaled to match each participant’s anthropometry based on a static calibration trial. Marker trajectories and GRF data from each gait trial served as input to an inverse dynamics analysis, based on a third-order polynomial muscle recruitment criterion. The peak resultant hip contact force was calculated and normalized to the body weight (BW).

Results
Self-paced overground walking created 5.00 BW (95%CI 4.35 to 4.64 BW) of load at the hip. COD, unilateral hopping, and running placed >1.5 times the load (~ >8BW, all P <0.001) on the implant compared to walking. Walking on a treadmill with and without slopes, and jumping, placed similar loads on the hip implant compared to walking. 
Conclusions/Discussion
Optimal loads that stimulate bone adaptations, without a greater risk to implant health, need to be determined. These rankings represent the first comparative data that can inform the development of a training program in preventing bone loss in people with a joint replacement, and future load testing protocols on joint implants. 
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