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(3% FE) Development of float-ring implant as used for a cushion after meniscectomy
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Research Background
Japan, an aging society, is required to solve musculoskeletal issues and transform itself into a “healthy and long-
lived society. However, there is no effective means to prevent knee osteoarthritis (OA), which progresses after

severe damage to the meniscus. To address this issue, we are developing a non-absorbable implant called “Float
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Ring,” which acts as a cushion after meniscus removal to reduce knee pain and OA progression. The meniscus is a
fibrocartilage that plays a cushioning role in the knee joint, such as load distribution and stability. When the
meniscus is injured, the torn area can be sewn up, but the indications are limited. However, when the meniscus is
resected, the convexity of the femur strongly contacts the tibia and damages the cartilage, resulting in OA in half of
the patients. Although allogeneic meniscus transplantation is one of the most popular reconstruction methods, it has
not been approved in Japan due to infection and donor problems. In addition, regenerative medicine is difficult to
apply to large injuries due to the mechanical properties of scaffold materials and absorption control issues. Therefore,
non-absorbable implants are required to reconstruct the function after meniscectomy.

In this study, we develop a non-absorbable implant, “Float Ring,” to be used as a cushion for the knee joint after
meniscectomy. The float ring is a soft, rubber-like implant that is inserted into the knee joint surface to replace the
cushioning function of the meniscus. During joint motion, the float ring deforms and moves smoothly to conform
to the joint surface and support part of the load. The float ring is a floating type that does not require fixation and
positioning, and is less dependent on surgical techniques. The float ring can be used in arthroscopic surgery,
allowing one-day surgery and minimizing the burden on the patient.

Research Results

In this project, (1) the load distribution effect of the float ring was clarified by finite element analysis, (2) the
cartilage protection effect was demonstrated by implantation tests in miniature pigs, and (3) the design of the implant
was optimized. (3) The implant design was optimized. (4) Long-term durability and (5) sliding characteristics were
clarified.

(1) Simulation to Demonstrate the "Cushioning Function

A finite element analysis model of the medial knee joint was created from MR images, and the contact pressure
on the knee joint surface was analyzed. When the meniscus is removed from a normal knee, the contact pressure is
concentrated in the center, which is believed to be the cause of knee osteoarthritis after meniscectomy. However,
the float ring removed the stress concentration on the cartilage surface after meniscectomy by supporting part of the
load acting on the joint surface, and the maximum contact pressure was equivalent to that of the normal knee.
Therefore, it was demonstrated that the float ring acted as a cushion after meniscectomy.

(2) Implantation Test to Demonstrate the "Cushioning Function

An implantation test was performed on a NIBS patient weighing approximately 50 kg. The patient showed no
postoperative dislocation of the float ring or limitation of joint motion and was able to walk comfortably. No
cartilage damage was observed at 3 months post-operatively, demonstrating the concept of this implant.

(3) Optimization of the Float Ring Design

A finite element analysis model of the knee joint was created using MR images, and the design parameters of the
float ring were optimized based on the maximum contact stress on the cartilage surface under normal conditions.
(4) Sliding characteristics

An original reciprocating friction tester was fabricated to evaluate the coefficient of friction of the float ring. The
coefficient of dynamic friction under simple reciprocating sliding was measured, and its friction characteristics were
clarified. To evaluate the amount of wear of the float ring, a knee simulator that can reproduce knee joint motion

during walking was developed and the amount of wear was evaluated.



