Articular Cartilage Paste Grafting to Full-Thickness Articular
Cartilage Knee Joint Lesions: A 2- to 12-Year Follow-up
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Purpose: To prospectively assess clinical outcomes and regeneration of osteoarthritic cartilage
lesions treated with an articular cartilage paste grafting technique. Type of Study: Prospective,
longitudinal case series. Methods: We treated 125 patients (136 procedures; 34% female, 66% male;
mean age, 46 years; range, 17 to 73 years) with an Outerbridge classification of grade IV lesions with
an articular cartilage paste graft. Clinical data were recorded 2 to 12 years from surgery, with 20 of
145 patients lost to follow-up over 12 years (13.7%). Clinical outcomes were captured annually with
validated Western Ontario and McMaster Universities Arthritis Index (WOMAC), International Knee
Documentation Committee (IKDC), and Tegner subjective questionnaires. Regenerated cartilage
biopsy specimens were obtained at second-look arthroscopy from 66 patients and evaluated as to
quality and quantity of defect fill by a blinded, independent histopathology reviewer. Results:
Preoperative versus postoperative validated pain, functioning, and activity measures improved
significantly (P<< .001). Clinically, 18 of the 125 patients were considered failures (14.4%), with 10
patients undergoing subsequent joint arthroplasty and 8 who reported worse pain after surgery.
Regional histologic variation occurred. Forty-two of 66 biopsy specimens (63.6%) showed strong and
consistent evidence of replacement of their articular surface, and 18 of 66 biopsy specimens (27.3%)
showed development of areas of cartilage. Conclusions: Paste grafting is a low-cost, 1-stage
arthroscopic treatment for patients with Outerbridge classification grade IV arthritic chondral lesions.
The procedure offers excellent, long-lasting, pain relief, restored functioning, and possibility of tissue
regeneration for patients with painful chondral lesions in both arthritic and traumatically injured
knees. Level of Evidence: Level IV, case series. Key Words: Cartilage—Chondral lesions—

Arthritis—Paste grafting—Clinical outcomes—Articular cartilage repair.

Untreated articular cartilage lesions have a limited
ability to heal and may promote degenerative
changes in the knee.!> Damage to the structure and
function of the articular cartilage leads to pain, loss of
range of motion, crepitation, swelling, and eventually
deformity. Surgical efforts to restore articular carti-
lage involve a wide variety of surgical procedures.
These include debridement procedures, such as chon-
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dral shaving; marrow stimulation procedures, such as
abrasion arthroplasty; penetration of the subchondral
bone by drilling or microfracture; cartilage resurfacing
and regrowth procedures, such as autologous osteo-
chondral transplantation; the use of an artificial ma-
trix, periosteum transplantation, and autologous chon-
drocyte transplantation, among others.!-23 Although
recent prospectively controlled, randomized, compar-
ative studies of autologous chondrocyte implantation,
microfracture, and osteochondral plugs have reported
promising clinical results, none has shown the consis-
tent formation of normal articular cartilage and none
has been indicated for arthritic knees.?4-26 To restore
lost function, alleviate pain, and prevent degenerative
changes within the knee, the ideal cartilage treatment
should be minimally invasive and result in hyaline
cartilage regrowth in the area of the defect, fully
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integrated with native bone and surrounding cartilage.
Few surgical options are indicated for large lesions,
patients with severe arthrosis, or for older pa-
tients.27-29

The paste grafting technique, previously reported by
Stone and Walgenbach,33! is an arthroscopic procedure
using historical methods of lavage, debridement, and
subchondral fracture to stimulate autologous mesenchy-
mal stem cell proliferation, differentiation, and growth
factor release. To present a 3-dimensional autogenous
cartilage matrix with chondrocytes to large defects, an
osteocartilaginous paste graft is harvested from the in-
tercondylar notch, crushed into a paste, and impacted
into the fractured chondral defect. The combined mor-
selized paste of articular cartilage and subchondral bone
is hypothesized to augment the mesenchymal stem cell
supply from vascularized subchondral marrow access,
and may present the necessary cellular signals and con-
ductive matrix to produce an appropriate repair tissue.
Animal studies have further suggested the superiority of
paste grafting to controls and histologic regeneration of
cartilage repair surfaces in defects both in arthritic knees
and acute trauma.’>33 The technical feasibility of the
placement and persistence of the osteocartilaginous paste
has been established by both animal and human clinical
studies.30-33

We hypothesize that articular cartilage paste
grafting is a viable cartilage repair technique that
provides durable cartilage repair tissue with long-
term improvement in function and diminishment of
pain. This was a prospective, longitudinal, Institu-
tional Review Board (IRB) approved, 2 to 12 year
follow-up study to clinically and histologically
evaluate the ability of articular cartilage paste graft-
ing to surgically treat degenerative lesions in the
knee joint. We specifically focused on chronic de-
generative lesions and included knees with osteoar-
thritis to evaluate the ability of this technique to
provide relief in this difficult patient population that
is not currently addressed by other techniques.

METHODS
Subjects

This clinical and histologic study of an articular
cartilage paste graft surgical treatment of patients with
chronic Outerbridge grade IV lesions consisted of 145
patients, 2 of whom are deceased and 18 of whom
were lost to follow-up (13.7%).3* The remaining 125
patients underwent paste grafting between November
1991 and December 2002. There were 82 men

TABLE 1. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Confirmed full-thickness
Outerbridge grade IV Severe malalignment (>7°)
chondral defects as Significant uncorrected instability
indicated by exposed bone Isolated patellar lesions
during previous surgery or Far posterior lesions that could
the combination of not be reached with available
radiography and MRI grafting instrumentation
Active patients willing to Acute focal chondral defects
participate in a
postoperative rehabilitation
program including 1 month
of continuous passive
motion
Absence of severe
malalignment (<7°)
A stable or stabilized joint
Not responsive to
nonoperative care

Inflammatory arthrosis

(65.6%) and 43 women (34.4%) with an average age
of 46 years (range, 17 to 73 years). Average follow-up
time was 51.5 months (range, 24 to 144 months).
Patients were enrolled after IRB—approved informed
consent according to the inclusion and exclusion cri-
teria listed in Table 1.

Chondral Lesions

All lesions were classified as Outerbridge grade IV
lesions represented by erosion to subchondral bone
(Fig 1).34 Lesions grafted included 76 medial femoral
condyles, 23 lateral femoral condyles, 24 trochlea, and
11 tibial plateaus. The average area grafted was 28.6
cm? (range, 2.4 to 140 cm?). Figure 2 is representative
of the severity of defects often seen in this patient
population. At arthroscopy, a full-thickness articular
cartilage lesion was confirmed in the knee of each
patient. Of 125 patients, 93 (74.4%) had undergone
previous surgical procedures to the affected knee with
a mean number of past surgeries of 1.7 (range, 1 to 7),
including abrasion arthroplasties, microfractures,
chondroplasties, and meniscectomies. Fifty-seven pa-
tients (46%) underwent concomitant procedures, in-
cluding a meniscus allograft transplantation (21 pa-
tients, 37%), ACL reconstruction or repair (28
patients, 49%), or both (8 patients, 14%). Indications
for paste grafting of previously failed procedures in-
cluded a failure to respond to additional conservative
treatment, and consistently high self-reported pain
scores (average pain score of 1.82 on a 0 to 3 point
scale, with 3 being severe pain); 75% of patients had
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Ficure 1. Preoperative, inter-
operative, and postoperative im-
ages of paste grafting a full-thick-
ness degenerative chondral lesion.
(A) Preoperative MRI with full-
thickness lesion of the medial fem-
oral condyle. (B) Microfracture of
the lesion with awl through sub-
chondral bone. (C) Blood weeping
through from marrow. (D) Intraop-
erative placement of the articular
cartilage past graft. (E) Healed le-
sion 7 months postoperatively. (F)
Healed defect biopsy taken with
Jamshidi needle. (G) Histology
specimen showing regenerate car-
tilage tissue (H&E, original mag-
nification X1). (H) Histology
specimen showing mature chon-
drocytes (H&E, original magnifi-
cation X10). (I) MRI 15 months
postoperatively with re-establish-
ment of chondral surface.

failed previous surgical treatment for their cartilage
lesions.

Surgical Technique

Osteochondral articular cartilage paste grafting was
performed as an outpatient surgical procedure under
local or general anesthesia. The surgical technique
was previously reported by Stone and Walgen-
bach30-3! as follows:

Damaged cartilage was shaved to remove fibril-
lated tissue. The lesion was then penetrated at mul-
tiple sites in the bed of the lesion with an arthro-
scopic awl until bleeding occurred (Fig 3A). Tissue
for graft preparation was harvested from the margin
of the intercondylar notch using an 8-mm trephine
impacted into the margin of the articular cartilage
and from the underlying cancellous bone to a depth
of 1.5 cm (Fig 3B). The trephine was removed and
the graft morselized manually in a graft impactor
(DePuy, Warsaw, IN; Fig 3C). The paste created
from the cancellous bone and articular cartilage was
then impacted into the fractured bed of the chondral
defect (Fig 3D). The impacting step was performed
multiple times. No attempt was made to fill the

defect, only to cover it and impact paste graft into
the penetrations in the bone. The paste graft mate-
rial formed a grout of chondrocytes, matrix, and
bone marrow in the interstices of the exposed bone.
The paste graft was held in place for 1 to 2 minutes
and then the instruments were removed, after which
50 mL of 0.25% bupivacaine with epinephrine and
1.0% lidocaine was injected into the joint and the
patients were returned to the postoperative recovery
room. If other arthroscopic procedures were to be
performed, the impaction of the paste was the last
step.

Postoperative Rehabilitation

Postoperatively, all patients were requested to use
a continuous passive motion machine for 6 hours a
night for 4 weeks. Weight-bearing was permitted
after 4 weeks, except for patients with trochlear
lesions who were permitted immediate weight bear-
ing in full extension locked in a brace. Patients
underwent a defined rehabilitation program preop-
eratively and again on the first postoperative day
(Appendix I).30
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Follow-up Schedule

Approximately the first half of the patients were
asked to undergo a second-look arthroscopy at a min-

FiGure 3. (A) Morselizing the lesion to bleeding bone. (B) Har-
vesting of articular cartilage and cancellous bone from the inter-
condylar notch. (C) Manually crushing the graft into paste. (D)
Impacting the paste graft into the morselized lesion. (Reprinted
with permission.3?)

FIGURE 2. Preoperative, inter-
operative, and postoperative
images of paste grafting of a
degenerative chondral lesion.
(A) Medial femoral condyle
showing degenerative changes
in a 32-year-old man. (B) Paste
grafting of the femoral chon-
dral lesion. (C) Fibrin clot
formed after 5 minutes to hold
paste graft in place. (D) Healed
defect biopsy of regenerated
cartilage tissue from the medial
femoral condyle taken with a
Jamshidi needle. (E) Histology
specimen showing regenerated
cartilage repair tissue 2 years
status post paste grafting (tolu-
idine blue, original magnifica-
tion X1). (F) Gel electrophore-
sis showing mixture of 80%
type 1 and 20% type 2 collagen.
(G) MRI 2 years after paste
grafting showing regenerated
femoral condylar surface.

imum of 1 year after paste grafting to assess the
long-term histologic appearance of the regenerated
tissue. All patients underwent clinical examinations
by the senior author at months 1 and 3, and at years 1,
2, 5, 7, 10, and 12. Additionally, patients indepen-
dently completed validated preoperative and postop-
erative evaluation forms: the Western Ontario and
McMaster Universities Arthritis Index (WOMACQ),
International Knee Documentation Committee
(IKDC), and Tegner modified pain and function
forms. Magnetic resonance imaging (MRI) was not a
requirement because, at the inception of this study in
1991, MRI was not as widely used as it is today.
Radiographs frequently did not show the chondral
lesions, and therefore were not a part of the outcome
assessment.

Histologic Methods

Tissue obtained from patients, who returned for a
biopsy examination either voluntarily or because of
arthrofibrosis, pain, or new injury, was harvested ar-
throscopically using a 13-gauge Jamshidi biopsy nee-
dle through the midpoint of the grafted lesion.33 The
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TABLE 2. Histology Parameters and Observations.

Category Observation

Of 47 Regenerate Surfaces

Of 18 Equivocal Surfaces

Thickness estimate
Hyaline cartilage
Fibrocartilage + GAG
Fibrocartilage — GAG
Fibrous

Tidemark

Fibrosis

Cartilage

Woven bone

Lamellar bone

Articular regenerate

Subchondral region

2.11 mm (range, 0.3-5.24 mm)

2.30 mm (range, 0.31-4.69 mm)

20 18
42 9
18 3
10 3

7 16
28 5
36 9
41 7
38 13

NOTES. The numbers are greater than 65 because differing types of cartilage occur on each biopsy. Equivocal surfaces are those surfaces

histologically indistinguishable from normal articular cartilage.

midpoint was determined by intraoperative compari-
son of the digital photograph of the original lesion
with the healed area, as confirmed by 2 members of
the surgical team at the time of the biopsy. All tissues
were processed by the same histologist with hematox-
ylin and eosin, Safranin O/Fast Green, and toluidine
blue stains. All slides were evaluated in a blinded
format by an orthopaedic surgeon with an established
publication record in orthopaedic pathology and inde-
pendent of the primary investigator. The grading scale
and definitions used for the blind evaluation are sum-
marized in Table 2.

Specimens were assessed for (1) tissue type(s),
(2) presence of glycosaminoglycans (GAG), (3)
depth (thickness) of presumed regenerate tissue, (4)
presence of a tidemark, and (5) features of the
subchondral region. All sections were observed by
both bright field (BF) and polarized light micros-
copy (PLM). PLM defines anisotropic features that
are specific differentiating features distinguishing
articular cartilage from other hyaline-type carti-
lage.353¢ PLM shows collagen fiber continuity
across the interface in regenerate tissue, but not in
normal articular cartilage. The interface between
subchondral bone and overlying tissue was also
assessed. The first group of patients (n = 13) un-
dergoing biopsy examination had a second speci-
men sent for collagen typing by gel electrophoresis
and collagen labeling conducted in a blinded fash-
ion.

Statistical Methods

The nonparametric Wilcoxon signed-ranks test
for repeated measures was used to compare preop-
erative and postoperative effects of surgery.3” Ad-
ditionally, a Wilcoxon rank-sum test for indepen-

dent groups, was used to test differences between
genders on postoperative measures.3” A Pearson
correlation coefficient was used to determine a lin-
ear correlation between age and any of the postop-
erative measures thereby requiring statistical ad-
justments. A Pearson correlation coefficient was
also used to determine a linear correlation between
the months from surgery and postoperative pain and
functioning scores, and therefore determine the
long-term clinical outcomes of the articular carti-
lage graft technique. A 1-way analysis of variance
was conducted to determine if the pain and func-
tioning scores differed significantly based on the
histologic appearance of the biopsies. The statistical
power, with a 2-sided o = 0.05, an effect size 6 =
1.05, and n = 125, was over 0.90.

RESULTS
Clinical Results

Statistically significant (P = .001) improvement
from all preoperative to postoperative validated self-
reported measures on the WOMAC were noted (Table
3). The largest mean improvement occurred in pain,
ascending stairs, and descending stairs scores. The
non-parametric Wilcoxon rank-sum evaluated the hy-
pothesis that the postoperative means would be sig-
nificantly lower than the preoperative means, thereby
indicating improvement. Improvements were indepen-
dent of gender, age, months from surgery, the number
of previous surgical interventions, concurrent surger-
ies, or type of concurrent surgery.

From 2 to 5 years, 82% of patients reported improved
pain relief, 10.1% did not improve, and 7.9% worsened.
Only 1 additional patient worsened from 5 to 12 years
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TABLE 3. Self-assessed Preoperative and Postoperative
Pain Scores of 125 Patients

TABLE 5. Differences in Preoperative and Postoperative
Functioning Scores Based on Years From Surgery

Variable Preop Postop P Value
Pain*
Mean 1.82 0.87 .001
Standard deviation 0.76 0.75
Functioningt
Mean 1.62 0.69 .001
Standard deviation 0.66 0.67
Stiffness
Mean 1.76 1.08 .001
Standard deviation 0.76 0.86
Ascending stairs
Mean 2.00 0.88 .001
Standard deviation 0.92 0.81
Descending stairs
Mean 2.05 1.02 .001
Standard deviation 0.83 0.99

*Based on the WOMAC questionnaire, where 0 = absence of
difficulty and 3 = severe difficulty.

tBased on the Tegner functioning questionnaire, where 0 =
absence of difficulty and 3 = severe difficulty.

after surgery. Five to 12 years from surgery, 94%
claimed improved postoperative pain, 1 patient (3%)
reported no improvement in pain, and 1 (3%) reported
worse pain. This is consistent with the finding of no
significant correlation of pain and functioning measures
with months from surgery (Tables 4 and 5). Failure
analysis of functioning scores resulted in the same trend
over the first 5 years, with 10 of 13 patients (77%) who
reported worse functioning 2 to 5 years from surgery.
Only 3 patients (8.3%) reported worse functioning 5 to
12 years from surgery (Table 5).

Overall, 82% of subjective measures were im-
proved from 2 to 12 years, 9.6% remained the same,
and 8.4% worsened. Eighty-one percent of decreased
scores were reported 2 to 5 years from surgery.

Histologic Results

Each biopsy specimen had regional histologic vari-
ation. Forty-two of 65 biopsies (64.6%) showed by

TABLE 4. Differences in Preoperative and Postoperative
Pain Scores Based on Years From Surgery

Years From
Surgery Improved Pain Same Pain Worse Pain Total
2-3 35(83.3%) 5(12.0%) 2 (4.7%) 42 (100%)
34 15(75.0%) 2(10.0%) 3 (15.0%) 20 (100%)
4-5 23(852%) 2(74%) 2(7.4%) 27 (100%)
5-6 11 (91.7%) 18.3%) 0(0.0%) 12 (100%)
6-12 23(95.8%) 0(0.0%) 1 (4.2%) 24 (100%)
Total 107 (85.6%) 10 (8.0%) 8(6.4%) 125 (100%)

Years From Improved Same Worse
Surgery Function Function Function Total
2-3 32(76.2%) 6 (14.3%) 4 (9.5%) 42 (100%)
34 16 (80%) 2(10.0%) 2(10.0%) 20 (100%)
4-5 21 (77.8%) 2 (7.4%) 4 (14.8%) 27 (100%)
5-6 9(75.0%) 2(16.7%) 1(8.3%) 12 (100%)
6-12 20 (83.4%) 2(8.3%) 2 (8.3%) 24 (100%)

Total 98 (78.4%) 14 (11.2%) 13 (10.4%) 125 (100%)

histologic criteria strong and consistent evidence of
articular cartilage surface regeneration. The thickness
of the regenerate tissue averaged 2.29 mm (range, 0.3
to 5.24 mm). Fibrocartilage without GAG was present
in all or part of 18 of the regenerate tissue biopsy
specimens (38%). Fibrous tissue made up all or part of
regenerate tissue in 10 biopsies (15%). Most interest-
ing was the restoration or persistence of the tidemark
in 23 of 65 patients (35%) in this group of Outerbridge
grade IV lesions. Histologic results are summarized in
Table 2.

Eighteen of sixty-five biopsy specimens (27.6%)
had areas of hyaline cartilage in the biopsy indistin-
guishable from normal cartilage, of which 16 biopsies
with tidemarks were present (89%). The articular car-
tilage thickness averaged 2.3 mm (range, 0.3 to 4.69
mm) in this hyaline-regenerate subject group. All 18
patients showed encroachment by bony, vascular,
and/or fibrous subchondral tissue into the overlying
cartilage approaching or crossing the tidemark.

One specimen showed macrophage inflammatory
cells surrounding a fragment of defibrillating carti-
lage, revealing acellular cartilage debris within the
bone marrow. Another specimen showed a partially
eburnated surface with a tag of regenerate tissue that
appeared to be contiguous with the surface (counted as
new). The same specimen showed nests of proliferat-
ing cartilage within marrow spaces and a unilateral
layer of hyaline cartilage that appeared to be deep to a
tidemark.

Histologic data revealed that those with regenerate
cartilage did have better pain scores than those with
fibrocartilage without GAG, but the difference was
not significant (P= .16). Collagen typing and gel
electrophoresis revealed a mixture of type I and II
collagen in all biopsies. This is consistent with a
mixture of cartilage repair tissue and histochemically
abnormal articular cartilage and has high correlation
with the observed regional variation as seen histolog-
ically in the regenerate tissue.
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throscopically. Although no instability was found on
arthroscopic probing, biopsies at the regenerated ar-
ticular surface and the native surface interface have
not been obtained and the fusion between these areas
cannot be commented on in this human clinical set-
ting.

DISCUSSION

The principal findings of the present study support
paste grafting as a viable technique for cartilage re-
generation through both clinical and histologic assess-
ments. Paste grafting appears to stimulate cartilage
repair first by creating a fresh fracture bed in an area
of degenerate cartilage and bone, and second by pro-
viding an environment for the mesenchymal cells of
bone marrow to interact with the combination of ar-
ticular cartilage matrix and live chondrocytes.?® The
primary evidence for the repair process lies in the
regeneration of cartilage and defect fill. Secondary
indications for repair include restoration of the tide-
mark and production of new GAGs.

Marrow stimulation by debridement and microfrac-
ture is widely used to treat local chondral defects by
penetrating the subchondral bone to initiate a healing
response through a fibrin clot formation. Microfrac-
ture, first described by Steadman et al. in 1997,23 can
be performed arthroscopically and is associated with
low morbidity. Although marrow cells are released to
initiate a strong healing response, microfracture gen-
erally results in biomechanically inferior fibrin or a
mixture of hyaline and fibrocartilage regenerate tissue.
Most importantly, microfracture is only indicated for
isolated chondral defects and not for arthrosis. Eleven
percent of patients treated with articular cartilage
paste grafting during the period of this study had
previously undergone microfracture and were revised
with this paste grafting technique. These examples of
failed microfracture salvaged with paste grafting have
given us confidence that this more aggressive fractur-
ing augmented with matrix and chondrocytes has clin-
ical validity.

Autologous chondrocyte implantation (ACI), ini-
tially reported by Grande et al.” and then more re-
cently by Brittberg et al.,® requires an initial arthro-
scopic chondrocyte harvest surgery followed by an
open arthrotomy, sewing of a perichondral flap,
resorbable membrane or matrix, and then injection of
cultured chondrocytes beneath the flap. This 2-step
procedure can be quite costly, is surgically challeng-
ing, and is indicated for isolated chondral lesions in

nonarthritic knees.®° Recent controlled studies com-
paring clinical and histologic results of ACI with those
of osteochondral cylinder transplantation by Horas et
al.,?> and ACI with microfracture by Knutsen et al.2¢
found no statistically significant difference in out-
comes of ACI versus either technique. Because of the
lack of indicated techniques at the commencement of
this study in 1991 in the setting of multiple lesions,
severe arthrosis, and previously failed chondral resur-
facing, we did not believe we could conduct a com-
parative controlled or double-blinded study.

This study evaluated both tissue quality and clinical
outcome in chronic degenerative osteochondral le-
sions. Some patients clearly have the ability to de-
velop near normal appearing new cartilage in chroni-
cally worn areas that is durable for up to 12 years.
What differentiates these patients from those who
develop pure fibrocartilage has yet to be determined.
Surprisingly, outcome was independent of the type of
repair tissue. As yet, we are unable to quantify either
continuous passive motion use, postoperative program
compliance, amount of cartilage versus cancellous
bone in the paste, age, or activity level to histologic or
clinical outcome. Only 3 of 125 patients in 12 years
have required repeat grafting. FEighteen of 125
(14.4%) patients are considered failures; 10 required
arthroplasty and 8 claimed worse postoperative pain
than preoperative pain.

Paste grafting as described in this study has the
benefits that it is relatively easy because the technique
can be performed under local anesthesia on an outpa-
tient basis and it is cost-effective. However, the tech-
nique can be challenging for posterior femoral or
posterior tibial lesions in that they are hard to reach
and graft arthroscopically. Similarly, no patellar le-
sions have been grafted because of the lack of instru-
mentation and the authors’ wariness of patellar le-
sions.

The IKDC, WOMAC, and Tegner questionnaires
revealed highly significant self-reported improvement
in pain, functioning, and stiffness. Improvement was
regardless of age, gender, or years from surgery (Ta-
bles 3-5). Furthermore, almost all of those patients 6
to 12 years from surgery remain improved. Of the
patients reporting pain, 7 reported before 5 years and
1 in the 5 to 12 year interval, implying that if patients
make it to 5 years without increased pain, they do
quite well for up to 12 years. Therefore, the durability
of the regenerated tissue in the setting of arthrosis is
quite good. This procedure offers significant long-
lasting pain relief, restored functioning, and the pos-
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sibility of repair tissue regeneration for patients with
chondral lesions in degenerative knees.

Study Limitations and Technique Considerations

The limitations in this study include a histology
assessment that is subject to possible sampling error as
a result of location or orientation of the biopsy spec-
imens and the inability to obtain interface data be-
tween the graft and host without multiple biopsies.
Additionally, at the initiation of the study, there was
no validated questionnaire for the assessment of
treated cartilage lesions alone. Preoperative and post-
operative MRI assessments were not routinely ob-
tained at the inception of this study and were not a
requirement during IRB approval of this study.

After placement of the graft, clot formed from sub-
chondral marrow and blood access holds the paste in
position.30-33 Although some of the graft can fall off
into the joint, no harm appears to have been caused at
the donor site and no complications, such as symp-
tomatic loose bodies, have occurred during the course
of this study as a result of this treatment. A covering
or additive adhesive may help to improve this pasting
procedure.

We acknowledge that the data presented here will
be strengthened by a prospective blinded controlled
study in comparison with debridement alone or mi-
crofracture alone. When the study was designed, we
were not aware of any other methods reported for the
treatment of arthritic lesions or for when the patients
had previously failed standard treatment. Microfrac-
ture or autologous chondrocyte transfer are still not
indicated in arthrosis.

The significance of this study lies in more than just
the validation of a new method, but also in the biology
of lesion healing, and the improved clinical outcomes
possible for patients with degenerative chondral le-
sions who are not indicated for most treatments short
of joint arthroplasty. The realization that, while we
cannot make normal cartilage, repair tissue may be
sufficient for many patients to “buy time,” await
newer cartilage regeneration procedures, and ulti-
mately delay joint arthroplasty.

CONCLUSIONS

This study was designed to evaluate both tissue
quality and clinical outcomes for a novel, cartilage
repair technique for degenerative chondral lesions.
Significant long-term pain relief and restored func-
tioning was observed in this patient population. The

regenerated repair tissue was very durable for 2 to 12
years for most patients. Both those knees that regen-
erated areas of more normal appearing articular carti-
lage and those with a larger component of fibrocarti-
lage obtained pain relief and restored functioning. The
relief obtained by paste grafting grade IV lesions is
independent of age, gender, or months from previous
surgery, and should be considered as an appropriate
primary and salvage cartilage repair technique.
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