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AutoCartは、患者自身の組織のみを使用して軟骨病変を一期的に治療する手術手技です。シェーバーで3～4mmの軟骨を切除、
GraftNetで採取し、専用のデリバリーキットに移します。自家血を混合した後、デリバリーニードルで病巣に圧着し、トロンビネーター
で生成した自家トロンビン液で補強します。最後に自家血とトロンビンの混合液で全体をコーティングします。
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AutoCart™

Scientific Background

1983 
古くは1983年、Albrechtらが動物モデルで、軟骨片で満たされた骨軟骨損傷に軟骨片を移植し、フィブリンで固定すると、
軟骨細胞が急速に増殖し、最終的には硝子軟骨が形成されることを示しました。1

2006
Stoneらが2006年に発表した論文では、Outerbridge分類によるグレードIVの骨軟骨損傷を有する125人の患者に対して、ペースト
状の自家軟骨移植は有効な治療だったと結論付けています。「ペースト状の自家軟骨移植は、Outerbridge分類のグレードIVの骨
軟骨損傷を有する患者に対する、低コストかつ一期的な関節鏡手術です。この手技は、関節症および外傷性膝関節のいずれの患者
に対して、優れた長期にわたる疼痛緩和、機能回復、組織再生の可能性を提供します。」2

2015
Christensenらは、骨軟骨損傷を有する8人の患者に対し、自家骨片と軟骨片の併用による治療に成功したと報告し、次のように結論
づけました。「自家骨、自家軟骨の二重組織移植（ADTT）による骨軟骨損傷の治療は、非常に良好な軟骨下骨修復と良好な軟骨修復
をもたらしました。患者主観的アウトカムは、術後1年で有意に改善しました。この研究は、ADTTが骨軟骨損傷に対する有望で低
コストな治療選択肢であることを示唆しています。」3

2019
Massenらは、軟骨および骨軟骨損傷を有する27人の患者の臨床研究を発表し、次のような結論を報告しました。「全体として、本
研究の結果は、シングルステップの自家軟骨修復術を受けた患者は、2年間の追跡調査において満足のいく結果を得たことを実証
しました。その結果、一期的な自家軟骨修復術は、標準的な自家軟骨移植に代わる可能性があることが示されました。

AutoCart™
患者自身の組織のみを使用した軟骨修復術
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GraftNet™
自家組織回収システム

Introduction
GraftNetはシェーバーと吸引装置の間に接続し、自家組織の回収のために使用されます。シェーバーで切除した自家軟骨片は滅菌さ
れた容器の中に回収されます。軟骨を細断することで軟骨細胞が刺激され、マトリックス合成を促進されることが知られています。

Features and Benefits
 ■ ユニバーサルアダプターを採用しており、一般的な規格のシェーバーと吸引装置に接続が可能
 ■ 自家骨片または軟骨片の回収が可能
 ■ シェーバーの選択により、回収する粒子のサイズの調整が可能

GraftNet™
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Shaver Blades
 

Introduction
自家軟骨片の採取には、3mmのサーベルまたは4mmのボーンカッターを使用します。軟骨は病変部の端から、あるいは非加重
部から採取します。これらのシェーバーを使用することで、軟骨細胞の活性を維持したまま、約1mmの軟骨片を採取することがで
きます。1

シェーバーブレードの種類によって採取される軟骨片のサイズ

平均値±SD、n＝2～3：シェーバー刃を用いて採取した軟骨中の軟骨細胞の生存率（24時間、4日、7日）2

n = 2 ～3: 軟骨片の分布(面積(㎟)) 2
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INTRODUCTION: One recent technique for repair of cartilage lesions involves filling the defect site with particulate cartilage suspended in an autologous 

blood product (e.g., platelet rich plasma) and sealing it with a fibrin glue. Particulate cartilage is generated by collecting tissue from the defect margins and 

non-weight-bearing regions of the joint with an arthroscopic shaver. Autologous particulate cartilage is advantageous because it contains live chondrocytes 

that can remodel the matrix and promote healing. Shavers vary widely in the particle size they generate and level of aggression with respect to tip design1. It 

remains unclear how the type of shaver affects the short- and long-term viability of the cartilage particulate and the ability of the autograft to remodel. 

Therefore, the goal of this study was to investigate the viability of cartilage particulate generated by different shavers and the performance of particulate 

cartilage constructs in vitro. 

 

METHODS: Bovine knees (Animal Technologies) were acquired within 24 hours of slaughter and dissected to expose cartilage at the patellofemoral 

groove, patella, and femoral condyles. Scalpel-shaved cartilage was collected from each location as a control. Five different shavers (Fig. 1A, BoneCutter 

4mm=BC4, Sabre 4mm=S4, Torpedo 4mm=T4, Sabre 3mm=S3, and Excalibur 4mm=E4, Arthrex) were evaluated with two shavers randomly assigned to 

each knee (n=2-3 knees per shaver). Saline was flowed over the shaver during harvest and the GraftNet® device (Arthrex) was used to collect particulate 

cartilage. Tissues were cultured in chondrocyte growth media (CGM). Fluorescent images of DTAF-stained particles were collected and processed in ImageJ 

to determine size distribution (Fig. 1B-F). Viability of the particles and control tissue was assessed at 24 hr, 4 and 7 days after collection. Particles were 

stained with Live/Dead stain (Invitrogen) and a minimum of three images were acquired from random locations across the samples. Live and dead cells were 

quantified using ImageJ. Mean viability was normalized to the control tissue for the 24hr time point, while viability assessed at 4 and 7 days was normalized 

to initial particle viability to better observe temporal changes. At 24hr, bovine blood (Lampire) was processed in the Angel® system to isolate platelet poor 

plasma (PPP) and the Thrombinator® was used to generate thrombin. Subsequently, particles were combined with these blood products in a 2:1:1 ratio 

(particles:thrombin:PPP) to yield cylindrical constructs (10mm⌀x6mm) in which the particles were embedded in a fibrin matrix. Constructs were cultured in 

CGM, and at 2 weeks, constructs were assessed for viability and presence of cell migration (n=2/shaver). Kruskal-Wallis non-parametric tests and Dunn’s 

post-hoc tests were performed to detect significant differences in viability and particle size among shavers (=0.05). 

 

RESULTS: E4 produced the smallest particles 

with a median area of 0.14 mm2 (0.04-0.36 IQR) 

followed by S3 with a median area of 0.52 mm2 

(0.15-1.2 IQR, Fig. 1G). BC4, T4, & S4 produced 

similarly sized particles with median areas of 

0.93 mm2 (0.26-2 IQR), 0.99 mm2 (0.08-2.7 

IQR), and 1.2 mm2 (0.34-2.2 IQR), respectively, 

which were not statistically different from each 

other (p>0.05). Normalized viability 24hr after 

tissue harvest ranged from 17-113% (Fig. 1H). 

E4, produced particles with the lowest viability at 

44±25% (Mean±SD). In contrast, shavers that 

produced the largest particles, BC4, S4, & T4, 

generated particles with viabilities similar to 

control tissue with means of 85.7±19.4%, 

86.2±25.6%, and 81.7±3.8%, respectively 

(Mean±SD). Over time, mean viability increased 

for all shavers relative to the 24hr time point (Fig. 

1I,J). The fold increase in viability at 7 days was 

greatest for E4 &S3 at 2±0.9x and 1.8±0.24x, 

respectively. BC4 exhibited the lowest fold change 

in viability at 1.1±0.15x. At each time point, no 

significant differences in viability were detected. A 

moderate correlation was observed between 

median particle size and mean viability (Figure 2, 

R2=0.27, p=0.08). At 2 weeks, migration of cells 

from the cartilage particles into the fibrin matrix 

was observed for all shaver types (Fig. 3).  

 

DISCUSSION: Mean viability varied with shaver type at all time points. At 24hr, shavers that produced the smallest particles, S3 and E4, exhibited the 

lowest viability. By 7 days, S3 and E4 exhibited the highest fold change in viability, which is likely related to the low initial viability, nuclease activity in 

culture, and new cell growth. Viability was correlated with particle area, but this trend was not statistically significant (p=0.08). Migration of chondrocytes 

was observed for all shavers, including S3 and E4, which suggests that an initial low viability did not hinder cell proliferation and migration. Importantly, 

smaller particles have been shown to produce more proteoglycan-rich ECM, which may result from an increased degree of mechanically-stimulated 

mitogenic activation or facilitated cell migration due to the high surface area:volume ratio2. Additional studies will evaluate new matrix production in these 

types of in vitro constructs. 

 

SIGNIFICANCE: When generating a particulate cartilage autograft, the choice of arthroscopic shaver directly impacts the particle size and tissue’s 

viability. However, regardless of initial viability, live cells in the autograft were shown to proliferate and migrate outside the particles indicating this as a 

method to easily obtain a source of autologous cells with the potential to remodel and regenerate new matrix that can be delivered within a cartilage defect.  

 

REFERENCES: 1. Wieser K+ Arthrosc J Arthrosc Relat Surg. 2. Bonasia DE et al. Arthrosc - J Arthrosc Relat Surg. 2015. 
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post-hoc tests were performed to detect significant differences in viability and particle size among shavers (=0.05). 

 

RESULTS: E4 produced the smallest particles 

with a median area of 0.14 mm2 (0.04-0.36 IQR) 

followed by S3 with a median area of 0.52 mm2 

(0.15-1.2 IQR, Fig. 1G). BC4, T4, & S4 produced 

similarly sized particles with median areas of 

0.93 mm2 (0.26-2 IQR), 0.99 mm2 (0.08-2.7 

IQR), and 1.2 mm2 (0.34-2.2 IQR), respectively, 

which were not statistically different from each 

other (p>0.05). Normalized viability 24hr after 

tissue harvest ranged from 17-113% (Fig. 1H). 

E4, produced particles with the lowest viability at 

44±25% (Mean±SD). In contrast, shavers that 

produced the largest particles, BC4, S4, & T4, 

generated particles with viabilities similar to 

control tissue with means of 85.7±19.4%, 

86.2±25.6%, and 81.7±3.8%, respectively 

(Mean±SD). Over time, mean viability increased 

for all shavers relative to the 24hr time point (Fig. 

1I,J). The fold increase in viability at 7 days was 

greatest for E4 &S3 at 2±0.9x and 1.8±0.24x, 

respectively. BC4 exhibited the lowest fold change 

in viability at 1.1±0.15x. At each time point, no 

significant differences in viability were detected. A 

moderate correlation was observed between 

median particle size and mean viability (Figure 2, 

R2=0.27, p=0.08). At 2 weeks, migration of cells 

from the cartilage particles into the fibrin matrix 

was observed for all shaver types (Fig. 3).  

 

DISCUSSION: Mean viability varied with shaver type at all time points. At 24hr, shavers that produced the smallest particles, S3 and E4, exhibited the 

lowest viability. By 7 days, S3 and E4 exhibited the highest fold change in viability, which is likely related to the low initial viability, nuclease activity in 

culture, and new cell growth. Viability was correlated with particle area, but this trend was not statistically significant (p=0.08). Migration of chondrocytes 

was observed for all shavers, including S3 and E4, which suggests that an initial low viability did not hinder cell proliferation and migration. Importantly, 

smaller particles have been shown to produce more proteoglycan-rich ECM, which may result from an increased degree of mechanically-stimulated 

mitogenic activation or facilitated cell migration due to the high surface area:volume ratio2. Additional studies will evaluate new matrix production in these 

types of in vitro constructs. 

 

SIGNIFICANCE: When generating a particulate cartilage autograft, the choice of arthroscopic shaver directly impacts the particle size and tissue’s 

viability. However, regardless of initial viability, live cells in the autograft were shown to proliferate and migrate outside the particles indicating this as a 

method to easily obtain a source of autologous cells with the potential to remodel and regenerate new matrix that can be delivered within a cartilage defect.  

 

REFERENCES: 1. Wieser K+ Arthrosc J Arthrosc Relat Surg. 2. Bonasia DE et al. Arthrosc - J Arthrosc Relat Surg. 2015. 
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INTRODUCTION: One recent technique for repair of cartilage lesions involves filling the defect site with particulate cartilage suspended in an autologous 

blood product (e.g., platelet rich plasma) and sealing it with a fibrin glue. Particulate cartilage is generated by collecting tissue from the defect margins and 
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plasma (PPP) and the Thrombinator® was used to generate thrombin. Subsequently, particles were combined with these blood products in a 2:1:1 ratio 

(particles:thrombin:PPP) to yield cylindrical constructs (10mm⌀x6mm) in which the particles were embedded in a fibrin matrix. Constructs were cultured in 

CGM, and at 2 weeks, constructs were assessed for viability and presence of cell migration (n=2/shaver). Kruskal-Wallis non-parametric tests and Dunn’s 

post-hoc tests were performed to detect significant differences in viability and particle size among shavers (=0.05). 
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(0.15-1.2 IQR, Fig. 1G). BC4, T4, & S4 produced 
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IQR), and 1.2 mm2 (0.34-2.2 IQR), respectively, 

which were not statistically different from each 

other (p>0.05). Normalized viability 24hr after 

tissue harvest ranged from 17-113% (Fig. 1H). 

E4, produced particles with the lowest viability at 

44±25% (Mean±SD). In contrast, shavers that 

produced the largest particles, BC4, S4, & T4, 

generated particles with viabilities similar to 

control tissue with means of 85.7±19.4%, 

86.2±25.6%, and 81.7±3.8%, respectively 

(Mean±SD). Over time, mean viability increased 

for all shavers relative to the 24hr time point (Fig. 

1I,J). The fold increase in viability at 7 days was 

greatest for E4 &S3 at 2±0.9x and 1.8±0.24x, 

respectively. BC4 exhibited the lowest fold change 

in viability at 1.1±0.15x. At each time point, no 

significant differences in viability were detected. A 

moderate correlation was observed between 

median particle size and mean viability (Figure 2, 

R2=0.27, p=0.08). At 2 weeks, migration of cells 

from the cartilage particles into the fibrin matrix 

was observed for all shaver types (Fig. 3).  

 

DISCUSSION: Mean viability varied with shaver type at all time points. At 24hr, shavers that produced the smallest particles, S3 and E4, exhibited the 

lowest viability. By 7 days, S3 and E4 exhibited the highest fold change in viability, which is likely related to the low initial viability, nuclease activity in 

culture, and new cell growth. Viability was correlated with particle area, but this trend was not statistically significant (p=0.08). Migration of chondrocytes 

was observed for all shavers, including S3 and E4, which suggests that an initial low viability did not hinder cell proliferation and migration. Importantly, 

smaller particles have been shown to produce more proteoglycan-rich ECM, which may result from an increased degree of mechanically-stimulated 

mitogenic activation or facilitated cell migration due to the high surface area:volume ratio2. Additional studies will evaluate new matrix production in these 

types of in vitro constructs. 

 

SIGNIFICANCE: When generating a particulate cartilage autograft, the choice of arthroscopic shaver directly impacts the particle size and tissue’s 

viability. However, regardless of initial viability, live cells in the autograft were shown to proliferate and migrate outside the particles indicating this as a 

method to easily obtain a source of autologous cells with the potential to remodel and regenerate new matrix that can be delivered within a cartilage defect.  
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Thrombinator™ System

Thrombinator™ System
自家トロンビン液生成キット

Introduction
Thrombinatorシステムは、ポイント オブ ケアで自家トロンビン液を生成するように設計されています。 自家トロンビン血清は、血
小板を活性化してゲルを生成することにより、取り扱いを改善します。 Thrombinatorシステムは、凝固のカスケードの原理を利用して、
エタノールなどの刺激の強い化学試薬を使用せずに自家トロンビン液を生成します。自家トロンビン液は、全血、PPPまたはPRPから
10 分程度で生成可能です。

Mechanism of Action
フィブリンは一時的なスキャフォールドとして、細胞をトラップ、細胞間の相互作用を促進することで、細胞の働きに影響を与え、細胞
の生存率や細胞増殖、細胞分化を促進に貢献していると報告されています。1，2

Feature and Benefits
 ■ 自家トロンビン液生成まで10－15分程度
 ■ 全血またはPPPまたはPRPから自家トロンビン生成
 ■ 15秒でフィブリン形成
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Mixing and Delivery System
移植材料の混和、塗布用キット

Introduction
ミキシングデリバリーシステムは移植材料を混和し、関節鏡下で欠損部に塗布するために設計されています。使用部位に併せて複数
ラインナップを取り揃えています。

Feature and Benefits
 ■ 膝関節、股関節、足関節用のラインナップ
 ■ スペースのあまりない部位にもアプローチしやすい

小関節用
デリバリーニードル
ABS-1000-S

HIP用
デリバリーニードル
ABS-1000-H

膝用
デリバリーニードル
ABS-1000-L

ミキシングシリンジ
全てのキットに含まれます
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軟骨損傷部の辺縁部が損傷部に対してなるべく直角になるよう
に切除します。

オプション1:
損傷部の辺縁部から軟骨片を採取します。

採取した軟骨片はGraftNetティッシュコ
レクターに回収されます。
凡そ1cm2に対し、0.2mlの軟骨を回収し
ます。

GraftNetティッシュコレクターをシェーバーハンドピースと吸
引チューブの間に取り付けます。

オプション2:
非加重部から軟骨片を採取する。

GratNetティッシュコレクターをシェーバー
ハンドピースと吸引チューブから取り外し
ます。図のように容器を開き、慎重にフィ
ルターを取り出します。

User Instructions
軟骨病変部の処理と軟骨片の回収方法

1

3a

4 5

2

3b
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移植用グラフトの作成方法

ミキシングアンドデリバリーシステムに
含まれるミキシングシリンジのキャッ
プを取り外し、漏斗を取り付けます。
シリンジの内筒を完全に引き出した状
態であることを確認し、軟骨片を投入
します。

自家軟骨片と全血を混和するためにミ
キシングシリンジの内筒を左右に回転
させながら、前後に動かします。これを
完全に混和するまで続けます。

自家軟骨片と全血が3：1の割合で投入し
ます。ミキシングシリンジのキャップとル
アーキャップをします。

内筒を図のように完全に引き出した状
態に戻します。

図のようにミキシングシリンジ押し子の
先端部を押すことで、押し出し用ストッ
パーを取り外すことができます。

押し出し用ストッパーを元の位置に設
置します。

デリバリーニードルを取り付け、移植材
料を押し出します。デリバリーニードル
から損傷部に移植材料を送入する場合
にはオブチュレーターを使用します。

1 2 3

4 5 6

7
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デリバリーニードルを使い、移植材料を周囲の軟骨と同じ高さか、
わずかに凹んだ状態になるように、病変部にスムーズに圧着さ
せます。
オプション：この操作の前に自家トロンビン液を病変部に塗布
します。

移植組織の上に自家トロンビン液を滴下し、凝固反応を促進させ、
移植組織を安定化させます。
最後に、新たに用意したシリンジに全血と自家トロンビン液を1：1
になるように混和し、素早く軟骨欠損部の上から滴下させます。
完了後、約2分間待ちます。

膝関節軟骨の修復方法

6

5

吸引と綿棒を併用し、軟骨欠損部の水分を取り除きます。移植材
料を欠損部に投与するため、デリバリーニードルを欠損部に向け
て前進させます。
オプション：これらの操作を容易に行うため、このステップの前
にファットパットレトラクターを組み立て、膝蓋下脂肪体を固定
します。

4
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操作手順の目安

この図は、各手順のおおよその時系列を示し、いつ血液を並行して処理しなければならないかを示しています（選択されたシステムに
よる）。時間は目安ですので、異なる場合があります。

手順

60 min.50 min.40 min.30 min.20 min.10 min.0

手術準備　　 関節鏡にて
病変部の形成　

軟骨片採取 病変部に投与

トロンビネーター
操作

採血
12ml　 Thrombinator



Ordering Information

製品名 型番 入数

GraftNet™

GraftNet ティシュ―コレクター ABS-1050 1

Shaver Blades

SJサーベル 3.0mm
ボーンカッター 3.8mm

AR-7300SR
AR-8380BC

1
1

Thrombinator™ System

Thrombinator システム ABS-10080 1

Mixing and Delivery System

ミキシングアンドデリバリーシステム, HIP用
ミキシングアンドデリバリーシステム, 膝用
ミキシングアンドデリバリーシステム, 小関節用

ABS-1000-H
ABS-1000-L
ABS-1000-S

1
1
1

Reference for AutoCart

1. Albrecht F. et al. Closure of Osteochondral Lesions Using Chondral Fragments and Fibrin Adhesive. Arch Orthop Trauma Surg (1983) 101: 213 - 217
2. Stone K. Articular Cartilage Paste Grafting to Full-Thickness Articular Cartilage Knee Joint Lesions: A 2- to 12-Year Follow-Up, Arthroscopy: The Journal of Arthroscopic and 

Related Surgery, Vol 22, No 3 (March), 2006: pp 291 – 299
3. Christensen et al. Autologous Dual-Tissue Transplantation for Osteochondral Repair: Early Clinical and Radiological Results; Cartilage 2015, Vol. 6 (3) 166 - 173
4. Massen F. et al. One-Step Autologous Minced Cartilage Procedure for the Treatment of Knee Joint Chondral and Osteochondral Lesions; The Orthopaedic Journal of 

SportsMedicine, 7(6),
5. Feeney et al. Autologous Cartilage Particulate for Treatment of Cartilage Defects: Impact of Different Arthroscopic Shavers on Viability and In Vitro Migration;ORS poster 2020
6. Olena Virchenko et al: Independent and additive stimulation of tendon repair by thrombin and plateletss, Acta Orthopaedica 2006; 77 (6): 960–966.
7. Kosuke Uehara et al: Effect of Fibrin Formulation on Initial Strength of Tendon Repair and Migration of Bone Marrow Stromal Cells in Vitro. J Bone Joint Surg Am. 

2015;97:1792-8

Reference for Shaver Blades

1. Lu Y. et al. Minced Cartilage without Cell Culture Serves as an Effective Intraoperative Cell Source for Cartilage Repair. Journal of Orthopaedic Research  
June 2006: 1261 - 1270

2. Feeney et al. Autologous Cartilage Particulate for Treatment of Cartilage Defects: Impact of Different Arthroscopic Shavers on Viability and In Vitro Migration; ORS poster 2020

Arthrex Japan合同会社
〒163-0828 東京都新宿区西新宿2-4-1 新宿NSビル28F
LB7-000246-ja-JP_B

製造販売元

● 改良のため予告なく仕様を変更することがあります。

販売名 承認等番号 一般的名称 規制区分 機能区分

ティシュ―コレクター
Synergy Resection シェーバーブレード
Thrombinator システム
ミキシングアンドデリバリーシステム

13B1X10093190003
226ADBZX00112000
30500BZX00022000
303ADBZX00101000

骨粉収集器
単回使用整形外科用バー
血液成分分離キット
手動式整形外科用注入器

クラスⅠ
クラスⅡ
クラスⅢ
クラスⅡ

非該当
非該当
非該当
非該当


