
Original Article
From the
Medical Cent
Seton Hall
U.S.A.

The autho
funding: V.K
MD Advanta
A.J.S. report
Sports Medic
stock/stock o
Pfizer, Smith
ologics. Full
online, as su
Improved Outcomes with Arthroscopic Bone Marrow
Aspirate Concentrate and Cartilage-Derived Matrix
Implantation versus Chondroplasty for the Treatment

of Focal Chondral Defects of the Knee Joint: A
Retrospective Case Series
Iciar M. Dávila Castrodad, M.D., Matthew J. Kraeutler, M.D., Sydney M. Fasulo, M.D.,
Anthony Festa, M.D., Vincent K. McInerney, M.D., and Anthony J. Scillia, M.D.

Purpose: To compare the outcomes of patients undergoing treatment of focal chondral defects (FCDs) of the knee joint
with chondroplasty versus bone marrow aspirate concentrate (BMAC) and cartilage-derived matrix (CDM) implantation.
Methods: A retrospective chart review was performed for patients diagnosed with Outerbridge grade 3-4 FCDs. Patients
were included if they were treated arthroscopically with BMAC/CDM implantation or chondroplasty alone between
March 2016 and May 2019 and had more than 1-year follow-up. Postoperative outcomes included the visual analog scale
(VAS) for pain; University of California, Los Angeles (UCLA) activity scores; Knee Outcome Survey (KOS) Activities of
Daily Living (ADL) and Sports subscores; postoperative corticosteroid or hyaluronic acid injections; subsequent surgeries;
and conversion to total knee arthroplasty. Results: A total of 98 patients were identified with a mean follow-up in
BMAC/CDM of 24 months (range 13-41 months) and in chondroplasty of 44 months (range 34-55 months). A sub-
analysis was performed to control for significant differences in age, which yielded 39 patients, ages 40-60 years. Within the
subanalysis group, mean VAS scores were significantly lower in the BMAC/CDM group (1.7 vs 4.4; P ¼ .005) and mean
UCLA scores were significantly greater (7.1 vs 5.0; P ¼ .002). Mean improvement in VAS and UCLA scores were similar
between the BMAC/CDM and chondroplasty groups (e3.7 vs e1.3; P ¼ .71, 1.9 vs 0.1; P ¼ .14, respectively). Mean KOS
ADL and Sports subscores were significantly greater among patients in the BMAC/CDM group (87% vs 55%; P ¼ .001,
71% vs 41%; P ¼ .002, respectively). There were no differences in postoperative injections, subsequent surgeries, or
conversion to total knee arthroplasty between the BMAC/CDM and chondroplasty groups. Conclusions: Patients with
grade 3-4 FCDs of the knee had improved postoperative outcomes when treated with BMAC/CDM implantation versus
chondroplasty alone, as evidenced by a significant improvement in VAS and UCLA scores and significantly greater
postoperative KOS ADL, and KOS Sport subscores. Level of Evidence: IV, therapeutic case series.
ull-thickness focal chondral defects (FCDs) of the
Fknee joint are common and can lead to symptoms
of a degenerative joint such as pain, swelling, and joint
dysfunction.1,2 If conservative treatments fail, multiple
surgical procedures may be offered for these lesions,
including chondroplasty, microfracture/drilling,
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osteochondral autograft or allograft transplantation,
and autologous chondrocyte implantation, among
others.3-8 Chondroplasty involves debriding unstable
cartilage flaps with the use of a mechanical shaver or
radiofrequency device to stabilize chondral lesions and
prevent these lesions from growing in size.9
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In recent years, there has been an increased level of
interest in the use of biologic therapies for the treat-
ment of FCDs. Examples include platelet-rich plasma,
bone marrow aspirate concentrate (BMAC), and
mesenchymal stem cells.10-13 These therapies offer anti-
inflammatory and regenerative properties, which make
them attractive options for clinicians. One recently
proposed biologic therapy includes the use of BMAC
with a dehydrated, micronized allogeneic cartilage-
derived matrix scaffold (CDM) for grade 4 FCDs.14,15

The purpose of this study was to compare the out-
comes of patients undergoing treatment of FCDs of the
knee joint with chondroplasty versus BMAC and CDM
implantation. The authors hypothesized that the
BMAC/CDM group would demonstrate better post-
surgical outcomes than the chondroplasty group.

Methods

Patient Selection
Following institutional review board approval, a

retrospective chart review was performed for patients
diagnosed with grade 3-4 FCDs, as defined by the
Outerbridge Classification system. Patients were
included if they were treated arthroscopically with
BMAC/CDM implantation by the senior author (A.J.S.)
or chondroplasty alone performed by 2 different sports
fellowshipetrained surgeons, between March 2016 and
May 2019, had greater than 2 cm of joint space on
radiographs, and had more than 1-year follow-up. Pa-
tients with lesions greater than 5 cm2 were excluded.
Patient demographics including age, sex, and body mass
index (BMI) were collected. The location and the
number of FCDs were documented as well.

Surgical Interventions
The BMAC and CDM implantation surgery was per-

formed by the senior author (A.J.S.) when grade 4
FCDs were identified. This technique, which has been
previously published, was a bone marrow aspiration of
60 mL from the contralateral hip and subsequent
centrifugation (Magellan; Isto Biologics, Hopkinton,
MA), yielding 7 mL of BMAC.14 This was followed by
diagnostic arthroscopy to identify and address any
additional pathology. Additional procedures were per-
formed when indicated and included: loose body
removal, percutaneous skeletal fixation (Sub-
chondroplasty; Zimmer Biomet, Warsaw, IN), ligament
reconstruction, osteotomy, lateral release, and partial
meniscectomy. The FCD was then grafted with a
mixture of BMAC and CDM (BioCartilage; Arthrex,
Inc., Naples, FL). Lastly, the remaining BMAC was used
to inject the knee intra-articularly.
The chondroplasty procedure was performed by 2

other surgeons (A.F. and V.K.M.) when grade III and IV
FCDs were identified. The surgery consisted of
diagnostic arthroscopy to identify the presence of
additional pathology and concomitantly address these.
Additional procedures included loose body removal,
partial meniscectomy, cyst debridement or aspiration,
lateral release, and synovectomy. Subsequently, the
FCD underwent chondroplasty to stabilize the articular
cartilage.

Variables
Postoperative outcomes included pain intensity,

functional scores, and complications. Pain intensity was
measured by using the visual analog scale (VAS) for
pain and was collected pre- and postoperatively.
Functional outcomes were assessed with the University
of California Los Angeles (UCLA) activity score, Knee
Outcome Survey (KOS) Activities of Daily Living
(ADL), and KOS Sports subscores. The UCLA scores
were collected pre- and postoperatively whereas the
KOS ADL and Sports subscores were collected post-
operatively. Postoperative injections with corticosteroid
or hyaluronic acid for persistent pain were documented
as well. Complications were defined as wound-,
implant- or hardware-related complications; subse-
quent surgeries; and conversion to total knee arthro-
plasty (TKA).

Data Analysis
Using the G*Power 3.1.9.4 software, a post hoc power

analysis included all participants and was performed
with the study parameters of 0.8 effect size and a ¼
0.05 yielding a power of 96%. Student t tests were used
to compare the average age, BMI, pain, and functional
scores between the 2 groups. c2 tests were used to
compare sex, the number and location of FCDs, the
number of patients who received postoperative in-
jections, the number of patients who underwent sub-
sequent surgeries, and the number of patients who
underwent conversion to TKA. A P value <.05 was
considered statistically significant. All statistical analyses
were performed using SPSS, version 22 (IBM Corp.,
Armonk, NY).
Results

Patients and Demographics
A total of 98 patients were identified for the study, 37

of whom were treated with BMAC/CDM implantation
whereas 61 were treated with chondroplasty alone. The
mean follow-up in BMAC/CDM was 24 months (range
13-41 months), significantly shorter than in chon-
droplasty, which was 44 months (range 34-55 months;
P < .001). There were no significant differences in sex
between the BMAC/CDM and chondroplasty groups
(46% vs 56% females; P ¼ .35) or BMI (29 vs 30 kg/m2;
P ¼ .14) (Table 1). However, patients in the BMAC/
CDM group were significantly younger (40 vs 62 years;



Table 1. Patient Demographics and Postoperative Outcomes Stratified by Type of Intervention

Variables Chondroplasty (n ¼ 61) BMAC/CDM Implantation (n ¼ 37) P Value

Patient demographics
Age, y* 62 (11) 40 (16) <.001
Sexy

Female 34 (56) 17 (46) .35
BMI* 30 (5) 29 (7) .14
FCD characteristicsy

Location of FCD
LFC 10 (16) 9 (24) .34
MFC 32 (53) 11 (30) .03
Patella 25 (41) 12 (32) .40
Trochlea 17 (28) 6 (16) .19
LTP 6 (10) 3 (8) .77
MTP 17 (28) 2 (5) .01

Number of multifocal FCD lesions 36 (59) 6 (16) <.001
Concomitant proceduresy

Partial meniscectomy 58 (95) 19 (51) <.001
Synovectomy 11 (18) 1 (3) .03
Percutaneous skeletal fixation 0 (0) 5 (14) .01
ACL reconstruction 0 (0) 1 (3) .38
Revision ACL reconstruction 0 (0) 2 (5) .14
MPFL reconstruction 1 (2) 5 (14) .03
Meniscal repair 0 (0) 1 (3) .38
Loose body removal 9 (15) 6 (16) .85
Plica excision 0 (0) 2 (5) .14
Baker’s cyst excision 2 (3) 4 (11) .20
Lateral release 0 (0) 6 (16) .002
IT band lengthening 0 (0) 1 (3) .38
Tibial tubercle osteotomy 0 (0) 1 (3) .38
Distal femoral osteotomy 0 (0) 1 (3) .38

Follow-up, mo* 44 (5) 24 (6) <.001
Postoperative outcomes

Pain and functional scores*
VAS 3.4 (3.1) 1.2 (1.2) <.001
Difference in VAS -2.1 (3.6) -4.0 (2.4) .03
UCLA 5.2 (1.7) 8.0 (1.7) <.001
Difference in UCLA 0.2 (2.3) 2.9 (2.9) .001
KOS ADL 66 (28) 91 (10) <.001
KOS Sport 55 (30) 80 (17) .001

Postoperative injectionsy 24 (40) 10 (27) .21
Complicationsy 0 (0) 4 (11) .01
Cellulitis 0 2
Cyst recurrence 0 1
Wound dehiscence 0 1

Subsequent surgeriesy 4 (7) 3 (8) .77
Revision chondroplasty 4 0
Open cyst excision 0 1
MUA 0 1
Removal of hardware 0 1

Conversion to TKAy 11 (18) 1 (3) .03

ACL, anterior cruciate ligament; ADL, Activities of Daily Living; BMAC, bone marrow aspirate concentrate; BMI, body mass index; FCD, focal
chondral defect; IT, iliotibial; KOS, Knee Outcome Score; LFC, lateral femoral condyle; LTP, lateral tibial plateau; MFC, medial femoral condyle;
MPFL, medial patellofemoral ligament; MTP, medial tibial plateau; MUA, manipulation under anesthesia; TKA, total knee arthroplasty; UCLA,
University of California, Los Angeles; VAS, visual analog score.
*The values are given as the mean (standard deviation).
yThe values are given as the number (percent); Differences in VAS and UCLA scores are equal to the differences between preoperative and

postoperative values.
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P < .001). The majority of FCDs were found in the
medial femoral condyle and the patella. Significantly
fewer multifocal lesions were found in the BMAC/CDM
group (6 vs 36; P < .001).
A subanalysis was performed to control for the sig-
nificant age discrepancy between the groups and
identified patients ages 40 to 60 years and yielded 39
patients (16 BMAC/CDM, 23 chondroplasty) with



Table 2. Subanalysis Patient Demographics and Postoperative Outcomes Stratified by Type of Intervention (Patients Between
the Ages of 40 and 60 Years)

Variables (n ¼ 39) Chondroplasty (n ¼ 23) BMAC/CDM Implantation (n ¼ 16) P Value

Patient demographics
Age* 52 (4) 50 (6) .17
Sexy

Female 7 (44) 13 (57) .43
BMI* 30 (4) 30 (8) .67
FCD characteristicsy

Location of FCD
LFC 5 (22) 1 (6) .19
MFC 14 (61) 7 (44) .29
Patella 7 (30) 4 (25) .71
Trochlea 3 (13) 1 (6) .49
LTP 3 (13) 3 (19) .63
MTP 7 (30) 2 (13) .19

Number of multifocal FCD lesions 13 (57) 2 (13) .005
Concomitant proceduresy

Partial meniscectomy 21 (91) 11 (69) .07
Synovectomy 5 (22) 1 (6) .37
Percutaneous skeletal fixation 0 (0) 3 (19) .06
ACL reconstruction 0 (0) 1 (6) .41
Revision ACL reconstruction 0 (0) 1 (6) .41
Loose body removal 5 (22) 1 (6) .37
Baker’s cyst excision 0 (0) 3 (19) .06
Lateral release 0 (0) 4 (25) .02
IT band lengthening 0 (0) 1 (6) .41

Follow-up, mo* 46 (5) 24 (6) <.001
Postoperative outcomes

Pain and functional scores*
VAS 4.4 (3.1) 1.7 (1.3) .005
Difference in VAS e1.3 (3.8) e3.7 (2.7) .71
UCLA 5.0 (1.7) 7.1 (1.6) .002
Difference in UCLA 0.1 (2.3) 1.9 (2.7) .14
KOS ADL 55 (29) 87 (11) .001
KOS Sport 41 (28) 71 (16) .002

Postoperative injectionsy 12 (52) 9 (56) .80
Complicationsy

Cyst recurrence 0 (0.0) 1 (5) .23
0 1

Subsequent surgeriesy

Revision chondroplasty 2 (9) 1 (6) .78
Open cyst excision 2 0

0 1
Conversion to TKAy 4 (17.4) 0 (0.0) .08

NOTE. The abbreviations are the same as Table 1.
*The values are given as the mean (standard deviation).s
yThe values are given as the number (percent); Differences in VAS and UCLA scores are equal to the differences between preoperative and

postoperative values.
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similar age (50 vs 52 years; P ¼ .17), sex (57% vs 44%
female; P ¼ .43), and BMI (30 vs 30 kg/m2; P ¼ .67)
(Table 2). Most FCDs were located in the medial
femoral condyle and the patella. After subanalysis,
there remained significantly fewer multifocal lesions
(3 vs 13; P ¼ .005) and shorter follow-up (24 vs 46
months; P < .001) in the BMAC/CDM group.

Patient-Reported Outcome Measures
Among the entire cohort, preoperative mean VAS

(5.22 vs 5.74; P ¼ .39) and UCLA (4.81 vs 4.42; P ¼ .40)
did not differ between BMAC/CDM and chondroplasty
groups. Postoperative outcome measures differed; VAS
scores were significantly lower among the BMAC/CDM
group (1.2 vs 3.4, P < .001) and mean UCLA scores
were significantly greater (8.0 vs 5.2, P < .001).
Significantly greater mean improvements were noted
in VAS (e4.0 vs e2.1, P ¼ .13) and UCLA scores (2.9 vs
0.2, P ¼ .001) for the BMAC/CDM group. Mean KOS
ADL and Sport subscores were significantly greater
among patients in the BMAC/CDM group (91% vs
66%, P < .001; 80% vs 55%, P ¼ .001, respectively).
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Within the subanalysis group, VAS scores remained
significantly lower among the BMAC/CDM group (1.7
vs 4.4, P ¼ .005) and mean UCLA scores remained
significantly greater (7.1 vs 5.0, P ¼ .002). Mean im-
provements in VAS and UCLA scores were similar for
the BMAC/CDM and chondroplasty groups (e3.7 vs
e1.3, P ¼ .71; 1.9 vs 0.1, P ¼ .14, respectively). Mean
KOS ADL and Sport subscores were significantly greater
among patients in the BMAC/CDM group (87% vs
55%, P ¼ .001; 71% vs 41%, P ¼ .002, respectively).

Complications
Among the entire cohort, more minor complications

occurred in the BMAC/CDM group (4 vs 0, P ¼ .01)
including stitch abscess and/or cellulitis (which resolved
with oral antibiotics and wound care) and a Baker’s cyst
recurrence after surgery. There were no significant
differences in the number of patients receiving post-
operative injections for persistent pain (10 vs 24, P ¼
.21). Three patients (8%) in the BMAC/CDM group
underwent subsequent surgeries compared with 4 pa-
tients (7%) in the chondroplasty group (P ¼ .77).
Fewer BMAC/CDM patients were converted to TKA (1
vs 11, P ¼ .03).
Within the subanalysis group, there were no differ-

ences in the percentage of patients receiving post-
operative injections (44% vs 48%, P ¼ .80), subsequent
surgeries (6% vs 9%; P ¼ .78), or conversions to TKA
(0% vs 17%; P ¼ .08) between the BMAC/CDM and
chondroplasty groups.

Discussion
In this study, we found there were improved out-

comes in patients undergoing BMAC/CDM compared
with chondroplasty. These findings are consistent with
a systematic review that included 13 clinical studies that
all demonstrated clinical improvement in FCDs treated
with various BMAC augmented therapies; however,
the literature presently available is sparce and of lower
scientific quality.11 Although the overall mean age of
the chondroplasty patients in our study was signifi-
cantly greater than the BMAC/CDM group, we per-
formed a subanalysis on patients aged between 40 and
60 years at the time of surgery. Within this subanalysis
group, we found significantly better VAS, UCLA, and
KOS ADL and Sports subscores in the BMAC/CDM
group as well as a trend toward significantly better
outcomes in this group with respect to rate of conver-
sion to TKA.
While chondroplasty is a procedure used to stabilize

potentially unstable chondral lesions and does not
restore the lost articular cartilage,16 BMAC contains
mesenchymal stem cells (MSCs) and growth factors to
reduce inflammation and potentially regenerate hya-
line cartilage,17 although this is yet to be proven in vivo.
BioCartilage is an extracellular matrix scaffold
developed from dehydrated allograft cartilage that
contains type II collagen, proteoglycans, and cartilagi-
nous growth factors.18 Thus, the concept of using the
combination of BMAC and BioCartilage is to provide a
structural scaffold on which MSCs from the BMAC may
regenerate hyaline-like cartilage. While BioCartilage
previously has been used in conjunction with micro-
fracture to stimulate the subchondral bone marrow
elements,19 the use of BioCartilage with BMAC pro-
vides the same advantages while avoiding the disad-
vantages of microfracture such as damage to the
subchondral bone and osteocyte necrosis.4

The improved outcomes of BMAC/CDM treatment
should be weighed against the disadvantages of this
procedure. This procedure takes longer than chon-
droplasty and requires bone marrow aspirate (BMA) to
be harvested from the iliac crest. Although complica-
tions from BMA harvest are rare, they do occur and
may include persistent donor-site pain, lateral femoral
cutaneous neuralgia, superficial hematoma or infec-
tion, and fracture of the anterior superior iliac spine.20

The concentration of progenitor cells and other non-
stem cell types varies widely based on patient age,
anatomic location of harvest, and processing technique,
which may affect MSC behavior and growth factor
content.21 Lastly, BMAC treatment is not covered by
insurance companies and may result in additional out-
of-pocket costs for patients or place the financial onus
on the surgical facility to cover the cost of this additional
procedure.

Limitations
The limitations of this study should be noted. This

was a retrospective study, with short-term follow-up,
in which the concomitant procedures performed
differed between the 2 groups making it challenging to
decipher patient outcomes based solely on the cartilage
treatments performed. Although a subanalysis was
performed to compare patients of similar ages, this
resulted in a limited sample size and no power analysis
was performed. The follow-up time still differed
significantly between the 2 groups, which may have
affected the rate of conversion to TKA. Finally, the
KOS ADL and Sports subscores were not collected
preoperatively, and therefore it was not possible to
compare the mean improvement in these scores be-
tween the 2 groups.
Conclusions
Patients with grade 3-4 FCDs of the knee had

improved postoperative outcomes when treated with
BMAC/CDM implantation versus chondroplasty alone,
as evidenced by a significant improvement in VAS and
UCLA scores and significantly greater postoperative
KOS ADL, and KOS Sport subscores.
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