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Cartilage Restoration Using Dehydrated Allogeneic
Cartilage, Platelet-Rich Plasma, and Autologous

Cartilage Mixture Sealed With Activated
Autologous Serum
Tracy M. Tauro, B.S., B.A., Abbott Gifford, Eric D. Haunschild, B.S., Ron Gilat, M.D.,
Michael C. Fu, M.D., and Brian J. Cole, M.D., M.B.A.
Abstract: Articular cartilage injury is a common source of knee pain and dysfunction. Patients in whom conservative
treatment fails may benefit from surgical intervention to restore function and alleviate pain. Autologous cartilage pro-
cedures are a viable treatment modality for cartilage repair, providing comparable outcomes to osteochondral allografts
while leaving the subchondral bone intact. This article discusses the senior author’s method of cartilage restoration using
BioCartilage (Arthrex, Naples, FL), platelet-rich plasma, and autologous cartilage collected using a designated collection
device sealed with activated autologous serum.
hondral defects are a common cause of knee pain
Cand, if left untreated or undertreated, may progress
in size and thickness.1,2 Articular cartilage displays poor
healing after injury because of a scarcity of cells in lacunae,
poor vascular supply, unique biochemistry, and inevitable
mechanical wear.3 Conservative management of symp-
tomatic cartilage defects may include activity modifica-
tion, weight loss, physical therapy, and/or injections.4

Surgical management of chondral defects is often
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indicated when nonoperative therapy fails to improve
pain and function. Surgical treatment of symptomatic
cartilage lesions may be broadly classified into traditional
marrow stimulation techniques that induce the formation
of fibrocartilage and more recent augmented techniques
that aim to restore hyaline cartilage. Traditional tech-
niques include debridement and/or microfracture, which
is indicated if the lesion cannot be treated by debridement
alone and has minimal subchondral bone involvement.5

However, the disadvantage of this technique is that the
resultant fibrocartilage is biomechanically inferior to hy-
aline cartilage and postoperative outcomes accordingly
deteriorate over time.6,7

There are several cartilage repair procedures aimed to
restore structural hyaline cartilage to the articular defect,
including autologous chondrocyte implantation (ACI),
matrix-associated autologous chondrocyte implantation
(MACI), osteochondral autograft, and osteochondral allo-
graft (OAG). MACI is a 2-step procedure aiming to create
a new hyaline cartilage surface by harvesting, culturing,
and reimplanting autologous articular cartilage.8 OAG
transplantation is an intervention indicated for large, full-
thickness cartilage lesions that have penetrated the sub-
chondral bone. Of all procedures described, OAG and
MACI provide the best long-term patient outcomes.9,10

When used appropriately, microfracture can lead to
successful outcomes.11 Advancements such as the use
of drilling rather than an awl have shown decreased
fracture response, although long-term outcomes of
6 (June), 2020: pp e847-e857 e847
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Table 1. Advantages and Disadvantages

Advantages Disadvantages

Autologous cartilage implants do not cause any structural damage to
the bone, and if they fail, the site will still be viable for OAG
implantation.26

The described method restores hyaline cartilage in a single step while
being less invasive and resource intensive in comparison to OAG,
as well as less expensive than a 2-stage ACI or MACI procedure.

Outcomes after this method of cartilage restoration are less studied
than those after OAG, ACI, and MACI procedures because of its
recent implementation.

Micronized BioCartilage used with PRP and autologous cartilage acts
as a scaffold and perhaps may allow for the growth of stronger,
structurally sound hyaline cartilage superior to the fibrocartilage
resulting from microfracture, thus creating a structurally and
biochemically beneficial augmentation to the traditional
microfracture procedure.

Preparation of the BioCartilageePRPeautologous mixture and
Thrombinator activated serum is more labor and resource
intensive than microfracture alone.

The described method poses a viable option for treatment of tibial
cartilage defects, which are not reliably treated by microfracture
alone.24

Outcomes after cartilage restoration of the tibia are not well defined.

ACI, autologous chondrocyte implantation; MACI, matrix-associated autologous chondrocyte implantation; OAG, osteochondral allograft; PRP,
platelet-rich plasma.
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microfracture are variable.5,12 BioCartilage (Arthrex,
Naples, FL) presents a viable augmentation to micro-
fracture as a single-stage cartilage restoration tech-
nique. BioCartilage is a micronized, dehydrated
cartilage allograft used as a scaffold for autologous
cartilage restoration.13 Studies in animal models have
shown chondrogenesis and upregulation of type II
collagen when BioCartilage is used in conjunction with
microfracture.14,15 In addition, platelet-rich plasma
(PRP) can be used to harness anti-catabolic and pro-
anabolic growth factors, creating a proehyaline tissue
environment.16,17 When combined, these augmenta-
tions may enhance the structural integrity of the
implanted cartilage with the intention of creating more
reliable long-term clinical outcomes for patients after
microfracture (Table 1).18

BioCartilage has traditionally been combined with
PRP and sealed with fibrin glue.13,18 Adding autologous
cartilage sealed with autologous activated serum may
further enhance the regeneration of hyaline cartilage.
Devices such as the GraftNet Autologous Tissue Col-
lector (Arthrex) and the Thrombinator system
(Arthrex) allow these innovations for the standard
BioCartilage technique. This article discusses a method
of cartilage restoration using microfracture augmented
with a BioCartilage, PRP, and autologous cartilage
mixture sealed with activated serum. This technique is
indicated for tibial plateau and some femoral condyle
defects (Table 1).17 We prefer to use this procedure for
contained, small to medium cartilage defects in patients
with a body mass index of less than 30.19-21
Fig 1. Intraoperative photograph of the right knee with the
patient in the supine position. The right knee is prepared and
draped in the typical fashion. The knee is flexed, and after the
tourniquet has been inflated, standard inferomedial and
inferolateral arthroscopic portals are established.
Positioning and Preparation
The patient is positioned supine; a tourniquet is

placed on the operative knee prior to standard sterile
preparation and draping and is subsequently inflated.
Standard arthroscopic portals are established in the
knee, and a diagnostic arthroscopy is performed (Fig 1,
Video 1).

Surgical Technique
The defect is probed and debrided (Fig 2, Video 1). A

ring curette is used to remove the calcified layer at the
base of the lesion and create vertical walls on the defect
periphery to promote glue adherence (Table 2, Video
1). A PowerPick (Arthrex) is used to microfracture the
defect, creating holes 1.5 mm in diameter and 4 mm
deep in the subcortical bone (Table 2, Fig 3, Video 1).
These holes are drilled 3 to 4 mm apart and are not



Fig 2. Arthroscopic photographs of the right knee with the patient in the supine position and the leg out straight. The tibial
plateau defect is viewed through the inferomedial portal, and instruments are introduced through the inferolateral portal. (A) A
probe is used to assess the defect. A curette (B) and bone cutter (C) are used to prepare the defect and establish vertical walls.
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allowed to become confluent. A GraftNet device, con-
nected in-line with the suction, is attached to the shaver
and is used to harvest and capture autologous hyaline
cartilage from the intercondylar notch and proximal
aspect of the femoral condyle (Figs 4-6, Video 1).
Roughly 72 mL of whole blood is collected from the
patient; 60 mL is centrifuged in the Arthrex Angel PRP
system, and the remainder is saved for use in the
Thrombinator system (Fig 7, Video 1).
Preparation of the BioCartilage mixture and activated

serum is performed on the back table. Four milliliters of
Table 2. Pearls and Pitfalls

Step Pearl

Initial defect preparation A ring curette should be use
vertical walls.

Microfracture Use of a PowerPick ensures
precision and minimizes d
subchondral plate.

Defect preparation for BioCartilage
insertion

The microfractured defect sh
with a pledget to create a
surface for the BioCartilag

BioCartilage insertion The defect should be filled to
surrounding cartilage mar

It may be necessary to switch
the bed in the Trendelenb
mitigate the effects of grav

Sealant insertion The sealant should be tested
to ensure proper clotting.

The defect should be covered
overfilling so that the con
with the surrounding artic
whole blood is injected into the “inject” port on the
Thrombinator system (Fig 8, Video 1). The system is
shaken for 5 seconds to agitate the blood and initiate
the clotting cascade and then set to rest horizontally for
10 minutes. During this time, equal parts (roughly
1 mL) BioCartilage, PRP, and autologous cartilage
collected with the GraftNet device are combined in an
Arthrex Mixing and Delivery Syringe (Fig 9, Video 1).
Once the contents have been mixed, the syringe is
attached to a Tuohy needle and advanced to fill the
needle (Fig 10, Video 1). The syringe is removed, an
Pitfall

d to establish Failure to establish vertical walls may make
it difficult to contain the BioCartilage
mixture in the defect.

drill hole depth
amage to the

Although use of an awl is not entirely
contraindicated, it may pose an increased
risk to the subchondral plate and does not
control for depth.5,11

ould be dried
dry, adherent
e mixture.

Failure to dry the defect may make it
difficult to retain the BioCartilage mixture
in the defect.

just under the
gin.

Proud application results in a greater chance
of subsequent delamination and bone
exposure.23

portals or place
urg position to
ity.

Failure to mitigate the effects of gravity may
make it difficult to contain the
BioCartilage mixture in the defect.

before insertion Failure to ensure proper clotting may result
in uncontained sealant.

without
struct is flush
ular surface.

Proud application results in a greater chance
of subsequent delamination and bone
exposure.23



Fig 3. Arthroscopic photograph of the right knee with the
patient in the supine position and the leg out straight. The
tibial plateau defect is viewed through the inferomedial portal,
and instruments are introduced through the inferolateral
portal. A PowerPick is used to microfracture the prepared
defect, creating holes 1.5 mm in diameter and 4 mm deep in
the subcortical bone. These holes are drilled roughly 3 to
4 mm apart and are not allowed to become confluent.

Fig 4. Intraoperative photograph of the right knee with the
patient in the supine position. The right knee is hanging off
the lateral side of the operating table in flexion. A GraftNet
device is attached to the shaver in-line with the suction and
introduced through the inferomedial portal, with the arthro-
scope viewing through the inferolateral portal.
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obturator is attached to the back of the needle, and the
BioCartilage mixture is ready to inject (Video 1). After
10 minutes have passed, the Thrombinator is shaken
vigorously for 5 seconds to break up the clot, and a
subsequent 8 mL of whole blood is injected through the
inject portal (Fig 11). This mixture is agitated for 5 sec-
onds and rested for 1 minute. A square, 0.8-mm filter is
placed on the Thrombinator withdrawal port, and the
system is agitated again for 5 seconds, yielding autolo-
gous thrombin serum (Fig 12A). The Thrombinator is
inverted to withdraw the sealant through the with-
drawal port and filter (Fig 12B). The thrombin serum is
attached to a Y syringe containing an identical syringe
of PRP (1:1), and the mixtures are advanced to equalize
(Fig 13, Video 1).
All inflow of fluids into the knee is turned off, the

joint capsule is drained, and the defect is dried with a
pledget (Table 2, Fig 14, Video 1). The prepared Tuohy
needle is inserted into the joint, and the Bio-
CartilageePRPeautologous cartilage mixture is injec-
ted into the microfractured defect and gently pressed
into place, filling the defect to just under the sur-
rounding cartilage margin (Table 2, Figs 15 and 16,
Video 1). It may be necessary to switch portals to
access different portions of the lesion, and placing the
bed in the Trendelenburg position can help mitigate
the effects of gravity (Table 2). A freer elevator can be
used to smooth the mixture into place (Fig 17). A
spinal needle is attached to the Y syringe containing
the activated serum to facilitate injection and place-
ment over the defect (Fig 18). The sealant should be
tested before insertion to ensure proper clotting
(Table 2). The spinal needle on the Y syringe is
inserted into the joint capsule, and the activated serum
is dripped over the defect (Fig 18, Video 1). It is critical
to cover the defect without overfilling so that the
construct is flush with the surrounding articular sur-
face (Table 2, Fig 19).22,23 The sealant is allowed to dry
for 20 to 30 seconds, and the knee is closed in the
typical fashion.
A post-microfracture rehabilitation protocol is used.

Patients are restricted to toe-touch weight bearing for
6 weeks while using crutches. For patellofemoral le-
sions, we allow full weight bearing in extension in a
brace that limits flexion to avoid overloading the
healing defect. Continuous passive motion is used for
6 weeks for up to 6 hours a day.

Discussion
OAGs are often used as the last restorative resort for

articular cartilage defects, with most data showing they
lead to better clinical outcomes.24,25 Autologous
cartilage implants are sometimes used before OAG
because they do not cause any structural damage to
the bone and, if they fail, the site will still be viable



Fig 5. Intraoperative photo-
graphs of the right knee with
the patient in the supine posi-
tion. The right knee is hanging
off the lateral side of the
operating table in flexion. A
GraftNet device is attached to
the shaver in-line with the
suction and introduced
through the inferomedial por-
tal, with the arthroscope
viewing through the infero-
lateral portal. The GraftNet
device is used to harvest and
capture autologous hyaline
cartilage from the inter-
condylar notch (A) and prox-
imal aspect of the femoral
condyle (B) as they are debri-
ded with a bone cutter.
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for OAG implantation.26 This article provides an
efficient and effective technique for treating artic-
ular cartilage defects without subchondral bone
degradation in the knee. This method may be ad-
vantageous in its ability to restore hyaline cartilage
in a single step while being less invasive and perhaps
less resource intensive than OAG transplantation, as
well as less expensive than a 2-stage ACI or MACI
procedure (Table 1).
Although the described method is a recently intro-

duced procedure and there are no completed clinical
trials looking at this specific method, BioCartilage with
PRP and microfracture have both been independently
validated (Table 1).17,18 In addition, numerous animal
studies showed improved outcomes when BioCartilage
and PRP were used in conjunction with microfracture
versus microfracture alone.19 These treatment aug-
mentations have been shown to produce hyaline-like
growth and chondrogenesis.18,19 Micronized Bio-
Cartilage used with PRP and autologous cartilage acts as
a scaffold and perhaps may allow for the growth of
stronger, structurally sound hyaline cartilage superior
to fibrocartilage.
In conclusion, this article presents the senior author’s

(B.J.C.) method of cartilage restoration using micro-
fracture augmented with a BioCartilage, PRP, and
autologous cartilage mixture sealed with activated
serum. Further studies will determine the role of this
procedure in restoring hyaline cartilage and reducing
pain and related symptoms.



Fig 6. Intraoperative photograph of the right knee with the patient in the supine position and the leg out straight. The GraftNet
device is detached from the shaver, and the autologous cartilage yield is saved for BioCartilage preparation.

Fig 7. Intraoperative photograph of platelet-rich plasma preparation. Whole blood is centrifuged in the Angel platelet-rich
plasma (PRP) system (A, B), yielding PRP (C). (RBC, red blood cells.)

e852 T. M. TAURO ET AL.



Fig 8. Intraoperative photograph of Thrombinator serum being prepared on the back table. Four milliliters of whole blood (WB)
is injected into the “inject” port on the Thrombinator system.

Fig 10. Intraoperative photograph of the BioCartilage mixture being prepared on the back table. The prepared mixing syringe is
attached to a Tuohy needle and advanced to fill the needle.

Fig 9. Intraoperative photograph of the BioCartilage mixture being prepared on the back table. Equal parts (roughly 1 mL each)
BioCartilage (A), platelet-rich plasma (PRP) (B), and GraftNet-harvested autologous cartilage (C) are combined in an Arthrex
Mixing and Delivery Syringe using a funnel.
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Fig 11. Intraoperative photograph of the Thrombinator serum being prepared on the back table. After the Thrombinator system
has rested horizontally for 10 minutes, it is shaken vigorously for 5 seconds and 8 mL of whole blood (WB) is injected through
the inject portal.

Fig 12. Intraoperative photograph of the Thrombinator activated serum being prepared on the back table. A square filter is
placed on the withdrawal port (A), and the Thrombinator system is inverted to withdraw the thrombin serum through the
withdrawal port using a syringe (B).
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Fig 13. Intraoperative photograph of the Thrombinator
serum and platelet-rich plasma (PRP) mixture being prepared
on the back table. The syringes containing PRP and thrombin
serum are attached to a Y syringe, and the mixtures are
advanced to equalize.

Fig 14. Intraoperative photograph of the right knee with the
patient in the supine position. An assistant is elevating the
foot roughly 6 inches while maintaining roughly 70� of
flexion. Inflow into the knee is turned off, and the defect is
dried using a pledget inserted through the inferolateral portal.

Fig 15. Intraoperative photograph of the right knee with the
patient in the supine position. An assistant is elevating the foot
roughly 6 inches while maintaining roughly 70� of flexion. The
prepared Tuohy needle is inserted into the joint through the
inferolateral portalwhile viewing through the inferomedial portal.

Fig 16. Arthroscopic photograph of the right knee with the
patient in the supine position and the bed placed in the Tren-
delenburg position. An assistant is elevating the foot roughly 6
inches while maintaining roughly 70� of flexion. The tibial
plateau defect is viewed through the inferomedial portal, and
instruments are introduced through the inferolateral portal.
The BioCartilageeplatelet-rich plasma (PRP)eautologous
cartilage mixture is injected into the microfractured defect us-
ing a Tuohy needle inserted through the inferolateral portal.
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Fig 17. Arthroscopic photograph of the right knee with the
patient in the supine position and the bed placed in the Tren-
delenburg position. An assistant is elevating the foot roughly 6
inches while maintaining roughly 70� of flexion. The tibial
plateau defect is viewed through the inferomedial portal, and
instruments are introduced through the inferolateral portal.
The BioCartilageeplatelet-rich plasma (PRP)eautologous
cartilage mixture is gently pressed into place using a freer
elevator inserted through the inferolateral portal, filling the
defect to just under the surrounding cartilage margin.

Fig 18. Intraoperative photograph of the prepared Thrombi-
nator serumeplatelet-rich plasma (PRP) insertion device on
the back table. A spinal needle is attached to the Y syringe
containing the Thrombinator serum and PRP to facilitate in-
jection and placement over the defect.

Fig 19. Arthroscopic photograph of the right knee with the
patient in the supine position and the bed placed in the
Trendelenburg position. An assistant is elevating the foot
roughly 6 inches while maintaining roughly 70� of flexion.
The tibial plateau defect is viewed through the inferomedial
portal, and instruments are introduced through the
inferolateral portal. The thrombin serum is dripped over the
previously placed BioCartilageeplatelet-rich plasma (PRP)e
autologous cartilage defect using the prepared spinal needle
on the Y syringe inserted through the inferolateral portal.
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