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Bone marrow-stimulating techniques such as microfracture and subchondral drilling are valuable
treatments for full-thickness cartilage defects. However, marrow stimulation-derived reparative tis-
sues are not histologically well-documented in human osteoarthritis. We retrospectively investigated
cartilage repairs after marrow stimulation for the treatment of large cartilage defects in osteoar-
thritic knees. Tissues were obtained from patients who underwent total knee arthroplasty (TKA) after
arthroscopic marrow stimulation in medial compartmental osteoarthritis. Clinical findings and carti-
lage repair were assessed. Sections of medial femoral condyles were histologically investigated by
safranin O staining and anti-type II collagen antibody. Marrow stimulation decreased the knee pain in
the short term. However, varus leg alignment gradually progressed, and TKA conversions were
required. The grade of cartilage repair was not improved. Marrow stimulations resulted in insuffi-
cient cartilage regeneration on medial femoral condyles. Safranin O-stained proteoglycans and type II
collagen were observed in the deep zone of marrow-stimulated holes. This study demonstrated that
marrow stimulation resulted in failed cartilage repair for the treatment of large cartilage defects in
osteoarthritic knees. Our results suggest that arthroscopic marrow stimulation might not improve
clinical symptoms for the long term in patients suffering large osteoarthritic cartilage defects.
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B one marrow-stimulating techniques including
microfracture, subchondral drilling, and abra-
sion arthroplasty are valuable for the treatment of
osteoarthritis of the knee in appropriately selected
patients who expect immediate pain relief and do not
want more extensive surgeries [1]. Marrow stimula-
tion is expected to recruit bone marrow-derived mes-
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enchymal stem cells into the full-thickness cartilage
defect by penetrating the subchondral bone plate [2].
In arthroscopic management of degenerative osteoar-
thritic knees, microfracture has been favorably per-
formed. Microfracture can improve knee function at 1
year postoperatively and can increase the knee joint
space on standing radiographs [3]. Microfracture for
isolated degenerative cartilage defects of the knee was
shown to improve knee function and reduce pain asso-
ciated with walking and activities of daily living at an
average 2.6-year follow-up [4]. However, 16% of
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such treated patients needed repeat arthroscopy
within 5 years after the initial microfracture, and 6%
of the patients required repeated microfracture or
total knee arthroplasty (TKA) at an average of 23
months postoperatively [4]. Subchondral drilling
reduced the knee pain of osteoarthritis at 2 to 7 years
postoperatively, and can be used in patients for whom
more extensive surgery is not indicated [5]. Abrasion
arthroplasty resulted in improvement of knee com-
plaints in 56% of patients suffering medial compart-
mental osteoarthritis, while the knee was unchanged
in 36% and worse in 8% at an average 1-year follow-
up period [6]. On the other hand, 50% of patients
who had osteoarthritis of the knee subsequently
underwent TKA for salvage at a mean of 3 years fol-
lowing abrasion arthroplasty [7]. From these reports,
arthroscopic marrow stimulation provides unpredict-
able results in the treatment of osteoarthritis of the
knee, and controversy still exists about its use.
Concerns regarding marrow-stimulating techniques for
osteoarthritis of the knee include the durability of the
repaired fibrocartilaginous tissue. The resurfaced
fibrocartilage has diminished resilience, stiffness, and
poor wear characteristics when compared with hyaline
cartilage, resulting in a predilection for the re-devel-
opment of osteoarthritis [8, 9]. Isolated fibrocarti-
lage islands and/or newly generated fibrocartilaginous
tissue on the femoral condyle were observed at sec-
ond-look arthroscopy after marrow stimulation of
degenerative knees [8, 10-12]. Several histological
analyses have demonstrated that marrow stimulation
results in failed cartilage repair for the treatment of
small cartilage defects of the knee [13, 14]. In a
rabbit large-cartilage-defect model, reparative chon-
dral plugs in the drilled holes lost their hyaline
appearance at 8 months after subchondral drilling
[15]. However, the fibrocartilaginous tissue induced
by microfracture and drilling is not histologically well-
documented in human degenerative osteoarthritic
knees. In this study, we investigated the effect of
marrow stimulation in a large cartilage defect of
medial compartmental osteoarthritic knee, and histo-
logically analyzed the failed cartilage resurfacing at a
mean of 21 months following arthroscopic marrow
stimulation.
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Patients, Tissues, and Histological Analyses

Degenerated medial femoral condyles were obtained
at total knee arthroplasty (TKA) for revision surgery
in patients who underwent primary arthroscopic mar-
row stimulation for the treatment of large cartilage
defect in medial compartmental osteoarthritis of the
knee (n=4). This retrospective study received the
approval of our Institutional Review Board and
informed consent was obtained from each patient at
TKA salvation. These patients underwent
arthroscopic marrow stimulation such as microfrac-
ture and subchondral drilling for primary surgical
procedures because they wished to avoid more exten-
sive surgeries. Arthroscopic debridement was simul-
taneously performed at the primary arthroscopic sur-
gery. Two additional patients (a 61-year-old male and
a 70-year-old female) received marrow stimulations in
the same situation. However, one could not be fol-
lowed up and the other did not need additional surgery
in the 1-year-follow-up period. The radiological stage
of osteoarthritis was determined by the Kellgren-
Lawrence grading scale [16]. The femorotibial angle
(FTA) in the standing position and the body mass
index (BMI) were measured at the time of arthros-
copy and TKA. Cartilage defect was evaluated by the
International Cartilage Repair Society (ICRS) carti-
lage injury classification (graded from 0 to 4), focus-
ing on the lesion depth as follows: 0, normal; 1,
superficial lesions; 2, lesions extending down to
<50% of cartilage depth; 3, cartilage defects
extending down to >50% of cartilage depth but not
through the subchondral bone; and 4, cartilage defect
extending to the subchondral bone [17]. ICRS carti-
lage injury classification was assessed by 4 surgeons
at operative procedures on a consensus basis.
Cartilage repair induced by marrow stimulation tech-
niques was evaluated by the ICRS cartilage repair
assessment system (grade I, total score of 12
points; II, 11-8 points; III, 7-4 points; and IV, 3-1
points) based on 3 criteria at TKA as follows: degree
of defect repair (0-4 points), integration to border
zone (0-4 points), and macroscopic appearance (0—4
points) [17]. ICRS cartilage repair assessment was
macroscopically graded by the gross appearance of
medial femoral condyles. Mean scores were calculated
as points for individual criteria. An ICRS visual his-
tological assessment scale composed of 6 features
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(scores ranged from 0 to 18) [18] was used for micro-
scopic evaluation of repaired cartilage after marrow
stimulation. Medial femoral condyles were fixed with
4% paraformaldehyde solution. Paraffin-embedded
tissue sections were stained with safranin O dye for
investigating proteoglycan synthesis of fibrocartilagi-
nous tissue [19, 20]. Type II collagen synthesis was
assessed by immunohistological analysis using a mouse
anti-human type II collagen antibody (clone II-4CII,
1:100 dilution, MP Biomedicals, Solon, OH, USA)
as previously described [21, 22]. Scores on the
ICRS visual histological assessment scale were calcu-
lated by mean scores derived from 6 sections per
sample, taken from areas representing the entire
repair tissue. Macroscopic and microscopic assess-
ments of the cartilage repair were performed by 4
observers in a blinded manner.

Fig. 1
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Case Reports

Case 1. A 52-year-old male had swelling and
pain in the left knee for 7 months prior to arthros-
copy. He had neither a history of trauma nor clinical
disorder in the knee joint. On arthroscopic examina-
tion of the medial femoral condyle, a large cartilage
defect (approximately 8 cm?) classified as ICRS carti-
lage injury grade 4 was observed (Fig. 1A). Marrow
stimulation was performed using an arthroscopic 40°
awl (1.5-mm diameter and 5-mm depth) at distances of
3-4mm after arthroscopic debridement of the osteoar-
thritic knee (Fig. 1B). Penetration of the subchon-
dral plate and communication with the marrow were
confirmed by the outflow of bone marrow blood (Fig.
1C). After the primary arthroscopic surgery, the knee
was immobilized by bracing in extension for 2 weeks.
Range of motion exercises were performed beginning

A 52-year-old male (Case 1). An arthroscopic view of the medial femoral condyle (A). Microfracture was performed using an

arthroscopic aw! (B). The outflow of bone marrow blood indicated the penetration of the subchondral bone plate (C). Microfracture tech-
nique resulted in limited fibrocartilaginous tissue regeneration on the medial femoral condyle (D). Cartilage-like tissues were observed only
in the deep zone of marrow-stimulating holes (E and F). A cluster of chondrocyte-like cells (arrows) was packaged in safranin O-stained
ECMs (E). Type Il collagen deposition was detected (F). Remaining articular cartilage showed no signal in the absence of an anti-type |l
collagen antibody (G). Subchondral bone was partially covered by fibrous tissues that did not contain safranin O-stained proteoglycans (H)

and type Il collagen (l). Black bars, 200um.
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3 weeks postoperatively. Partial weight bearing was
allowed to proceed at 4 weeks and full weight bearing
was started at 6 weeks. The patient was then allowed
to return to activities of daily living. He had no swell-
ing in the left knee until 30 months after the surgery.
However, the knee pain and swelling were gradually
increased at 31 months postoperatively. The radio-
logical stage was aggravated from grade 2 at arthros-
copy to grade 3 at TKA (Table 1). FTA was also
increased from 181° to 184° (Table 1). At the time of
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TKA (34 months postoperatively), microfracture
techniques had induced a limited cartilage-like tissue
regeneration (ICRS cartilage repair assessment grade
IV, ICRS visual histological assessment scale 5.0) on
the medial femoral condyle (Table 1-3; Fig. 1D-F).
Cartilage-like tissues were observed only in the deep
zone of marrow-stimulating holes (Fig. 1E and F). A
cluster of chondrocyte-like cells was packaged in car-
tilaginous extracellular matrix (ECM) (Fig. 1E and
F). Subchondral bone was partially covered by fibrous

Table 1 Demographic data of marrow-stimulated MFC-OA patients underwent TKA salvation
t )
Age at Defect Duration Radiological o ICRS cartilage injury *ICRS cartilage '.CRS VI.SU6|
. BMI ; Marrow . . FTA (") e o ) 17 histological
Case Sex Side AS (ke/m?) size stimulation until TKA  stage' (Grade) (at AS—TKA) classification repair assessment assessment scale™
2 —> —>
(years) (cm?) (months) (at AS—TKA) (Grade at AS—TKA) (Grade at TKA) (Score at TKA)
1 M L 52 25 8 Mfx (1.5mm) 34 2—>3 181—184 4—4 I\ 50+0.8
2 F R 52 26 8 Drill (1.2mm) 16 3—>4 187191 4—4 % 6.0+23
3 F R 65 31 6 Mfx (1.5mm) 21 3—>3 180—182 3—>3 I\ 88+13
4 F L 73 28 6 Mfx (1.5mm) 1 3—>3 180181 4—4 \% 7315
Mean 60.5 27.5 7 20.5 180—181 6.8 +20

Case 1, 2, 3, and 4 are presented in Fig. 1, 2, 3, and 4, respectively.
*Details are presented in Table 2.

" Details are shown in Table 3.

AS, arthroscopy; BMI, body mass index; FTA, fomorotibial angle; MFC, medial femoral condyle; Mfx, microfracture; OA, osteoarthritis; TKA, total knee arthroplasty.

Table 2  ICRS cartilage repair assessment'” (macroscopic) at TKA
Degree Of. Integration to Macroscopic Overall repair
Case defect repair Total score %
border zone appearance assessment
Protocol A
(0-4 points) (0-4 points) (0-4 points) (0-12 points) (Grade I-1V)
1 08+0.5 05+0.6 0 1.3+05 vV
2 0.8+05 0 0.5+0.6 1.3+05 %
3 0.8+05 05+0.6 0.5+0.6 1.8+0.5 v
4 1.0 05+0.6 05+0.6 20+1.2 vV
Scores: means + SD
*Grade | (12 points), normal; Il (11-8 points), nearly normal; Ill (7-4 points), abnormal; IV (3-1 points), severely abnormal.
Table 3  ICRS visual histological assessment scale' (microscopic) at TKA
Cell )
. Cell . Subchondral Cartilage
Surface Matrix o population . o Total score
Case distribution . bone mineralization
viability
(0, 3 points) (0-3 points) (0-3 points) (0, 1, 3 points) (0-3 points) (0, 3 points) (0-18 points)
1 08+15 1.0+0.8 0.8+0.5 1.8+1.0 0.8+0.5 0 50+0.8
2 08+15 05+0.6 0.3+05 3.0 15+1.0 0 6.0+23
3 0 23+05 15+1.0 3.0 2.0 0 8.8+1.3
4 08+15 1.0 05+1.0 3.0 2.0 0 73+15

Scores: means + SD
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tissues that did not contain type II collagen or safranin
O-stained proteoglycans (Fig. 1H and J).

Case 2. A 52-year-old female complained of
right knee pain for 10 years. Conservative treatments
did not result in relief of pain and swelling.
Arthroscopic findings revealed that a full-thickness
cartilage defect (approximately 8 cm?) was classified as
ICRS grade 4 (Fig. 2A). Subchondral drilling was
performed using a 1.2-mm Kirschner wire (5-mm
depth) at distances of 3-4mm after arthroscopic deb-
ridement (Fig. 2B). Postoperative treatment was
performed as described above. She had no swelling in
the right knee until 13 months after the arthroscopic
treatment. However, the knee pain and swelling
appeared at 14 months postoperatively. Radiological
stage was aggravated from grade 3 to grade 4 at TKA
(Table 1). FTA was also increased from 187° to 191°

Fig. 2
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(Table 1). Fibrocartilaginous tissue formation (ICRS
cartilage repair assessment grade IV, ICRS visual
histological assessment scale 6.0) was observed in
drilled holes and the surface of the medial femoral
condyle at 16 months postoperatively (Table 1-3;
Fig. 2C-G). Cells packaged in regenerated tissues
had round and chondrocytic morphologies (Fig. 2D-G).
However, safranin O-stained proteoglycans and type
II collagen were partially detected in the deep layer of
fibrocartilaginous tissues (Fig. 2D-G).

Case 3. A 65-year-old female had pain and
swelling in the right knee for 5 months. Conservative
treatments did not result in relief of pain or swelling.
A full-thickness cartilage defect (approximately 6 cm?),
classified as ICRS grade 3, was observed at arthros-
copic debridement (Fig. 3A and B). Microfracture
was performed using a 1.5-mm arthroscopic awl (5-mm

A 52-year-old female (Case 2). A full-thickness cartilage defect (A). Subchondral drilling was performed using a 1.2-mm

Kirschner wire (B). Fibrocartilaginous tissue formation was observed (C) in drilled holes (D) and the surface of the medial femoral condyle
(E). Safranin O-stained proteoglycans were partially detected in the deep layer of fibrocartilaginous tissues (D and E). Type Il collagen
deposition was also observed in the deep zone (F and G). Empty osteocyte lacunae and osteonecrosis were not histologically observed

(D-G). Black bars, 200um.
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Fig. 3
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A 65-year-old female (Case 3). An arthroscopic image of degenerated articular surface (A and B). The medial femoral condyle

was obtained at TKA (C). Specimens were prepared along the dashed line (D). Triangles denote the direction of marrow-stimulating holes.
Safranin O-stained proteoglycans were generally detected in the regenerated tissues (D and E). Chondrocytic cells were observed in the
regenerated ECM that was positively stained by an anti-type Il collagen antibody (F and G).

depth) at distances of 3-4mm. Postoperative treat-
ment was performed the same as in case 1. She had no
swelling in the right knee after the arthroscopic treat-
ment. However, moderate knee pain appeared at 18
months postoperatively. Although aggravation of the
radiological stage was not detected, FTA was increased
from 180° to 182° at 21 months postoperatively
(Table 1). The articular surface of the medial femoral
condyle was degenerated (ICRS cartilage repair
assessment grade IV, ICRS visual histological assess-
ment scale 8.8). However, safranin O-stained proteo-
glycans and type II collagen were sufficiently observed
in the penetrated holes (Fig. 3D-G). Cells packaged
in regenerated tissues showed chondrocytic morpholo-
gies (Fig. 3F and G).

Case 4. A 73-year-old female had pain and
swelling in the left knee for 6 months. Conservative
treatments did not result in relief of pain and swelling.

A full-thickness cartilage defect (approximately 6cm?),
classified as ICRS grade 4, was observed at an
arthroscopic debridement (Fig. 4A). Microfracture
was performed using a 1.5-mm arthroscopic awl (5-mm
depth) at a distance of 3-4mm apart (Fig. 4B).
Postoperative treatment was performed the same as in
case 1. She had no swelling in the left knee after the
arthroscopic treatment. However, moderate knee pain
appeared at 7 months postoperatively. Although
aggravation of radiological stage was not detected, the
FTA was increased from 180° to 181° at 11 months
postoperatively (Table 1). Fibrocartilaginous tissues
were observed only in penetrated holes at the medial
femoral condyle (Fig. 4C and D). A large area of
subchondral bone was exposed (ICRS cartilage repair
assessment grade IV, ICRS visual histological assess-
ment scale 7.3) except for the penetrated holes (F'ig.
4C and D). Cells packaged in regenerated tissues
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Fig. 4

A 73-year-old female (Case 4). An arthroscopic image of degenerated medial femoral condyle (A). Microfracture was performed

using an awl (B). Fibrocartilaginous tissues were observed only in penetrated holes (C). The specimen was prepared along the dashed
line (D). Triangles denote the direction of marrow-stimulating holes. HE staining (D). Safranin O-stained proteoglycans (E) and type |
collagen (F and G) were limited in the middle to deep layer of the fibrocartilaginous tissues.

showed a fibrocartilaginous cell shape (Fig. 4E-G).
However, safranin O-stained proteoglycans and type
II collagen were limited to the middle to deep layer of
the fibrocartilaginous tissues (Fig. 4E-G).

Discussion

Arthroscopic marrow stimulation induces bleeding
from the subchondral bone followed by the formation
of a fibrin clot, the migration of mesenchymal stem
cells, and the formation of fibrocartilaginous tissue
that covers full-thickness cartilage defects [12].
Microfracture and subchondral drilling were devel-
oped mainly for the treatment of focal chondral
lesions, but are also used in degenerative arthritic
knees [9, 12]. Microfracture is used more often than

subchondral drilling, which is considered to induce
thermal necrosis of the subchondral bone. However,
the adverse effect of drilling on cartilage repair has
not been clinically tested. Crushing and compacting of
bone by the microfracture technique have been shown
to induce substantial osteocyte necrosis around pene-
trated holes at 1 day postoperatively in a rabbit carti-
lage defect model [23]. Compared to subchondral
drilling at the same depth, microfracture produced
similar amount and quality of cartilage repair at 3
months postoperatively in a rabbit model [24]. In our
study, empty osteocyte lacunae and osteonecrosis
were not histologically observed around penetrated
holes at a mean of 21 months after arthroscopic sur-
gery in patients treated by microfracture or subchon-
dral drilling (Fig. 1-4). However, marrow stimulation
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induced insufficient cartilage repair for the treatment
of large cartilage defects in osteoarthritic knees
(Table 2 and 3). Kaul et al. reported that microfrac-
ture and subchondral drilling resulted in failed carti-
lage repair for the treatment of early osteoarthritis of
the knee (radiological grade 1 and 2); these marrow-
stimulating techniques did not improve small cartilage
defects (ranging from 2.6 to 4.0cm? in 5 patients
aged 47 to 65 years old [14]. Several reports have
demonstrated that clinical results after microfracture
for the treatment of knee cartilage defect are age/
size-dependent and that the best prognostic factor is a
patient aged 40 or younger with defects on the femoral
condyles [25-27]. In our study, marrow stimulation
resulted in TKA salvation for the treatment of large
cartilage defects (mean, 7 cm?). Furthermore, marrow
stimulation did not reach hyaline-like cartilage regen-
eration in cartilage repair and histological assess-
ments (Table 1-3, Fig. 1-4). On the other hand,
marrow stimulation did not need TKA conversion in 6
patients (51, 59, 62, 65, 66, and 74 years old) suf-
fering from small full-thickness cartilage defects
(mean, 2.8cm’ ranged from 1 to 4cm?) of osteoar-
thritic knees at a mean of 37 months after primary
arthroscopic surgeries (Table 4). No difference
between TKA salvation and TKA-free groups was
observed in the mean age, BMI, and preoperative
FTA, except for cartilage defect size (Table 1 and 4).
These findings suggest that marrow-stimulating tech-
niques may not suitable for the treatment of cartilage
defects larger than 6cm’ in medial compartmental
osteoarthritis of the knee. However, limitations still
exist in our study. Histological and arthroscopic
assessments of cartilage repair after marrow stimula-
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tion are ethically prohibited in patients who obtain
favorable clinical outcomes of their osteoarthritic
knees.

The depth of subchondral drilling (2mm versus
6 mm) was shown to influence the filling status of rab-
bit cartilage defects [24]. We consider that the
thickness of the eburnated subchondral bone plate
(penetrating depth) and the percentage of marrow-
communicated area (hole diameter and interval
between each hole) might have critical roles in fibro-
cartilaginous tissue formation after arthroscopic
marrow stimulation. In a horse focal cartilage defect
model, type II collagen was observed in the interme-
diate and deep zone of microfractured holes (3-mm
depth and 2-3-mm interval) at 8 weeks postopera-
tively [28]. On the other hand, microfracture
(0.028-mm diameter and 3-mm depth) induced poor
status of safranin O staining in fibrocartilaginous tis-
sues even at 12 weeks using a primate model [29].
Several authors have reported that safranin O-stained
proteoglycans are detected only in the deep layer of
marrow-stimulating holes at 1 year postoperatively
(1-mm diameter in rabbits; 2-4-mmm depth and 3—4-
mm interval in humans) [8, 15, 30]. In our study,
chondrocyte-like cells, safranin O-stained ECM, and
type II collagen deposition localized mainly in the deep
layer of penetrated holes (Fig. 1-4). From these find-
ings, true cartilage-like tissue regeneration might be
limited to the cavity of marrow-stimulating holes.
Further examinations will be required to induce the
optimum effect of marrow stimulation on cartilage
repair in younger patients.

Marrow stimulation induces pain relief and knee
function improvement at a short- to middle-term fol-

Table 4  Demographic data of marrow-stimulated MFC-OA patients underwent no revision surgery
Age at Defect Duration Radiological o ICRS cartilagei njury
Case Sex Side AS (kg/Mnl]z) size st'i\r/lnzﬂlrgt\?;n until FFU  stage'® (Grade) (at l,:ATSA—fFI):U) classification'”
(years) (cm?) (months)  (at AS—FFU) (Grade at AS)
5 M R 51 32 4 Mfx (1.5mm) 40 1—2 178—180 4
6 F L 59 29 1 Drill (1.2mm) 53 2—>3 179—181 3
7 F L 62 29 3 Mfx (1.5mm) 50 2—>3 180—182 3
8 F R 65 25 4 Mfx (1.5mm) 15 3—3 177—179 4
9 F R 66 21 1 Mfx (1.5mm) 6 2—>2 177—>177 4
10 F R 74 24 4 Drill (1.2mm) 58 3—>4 177 —181 4
Mean 62.8 26.6 2.8 37 178—180

AS, arthroscopy; BMI, body mass index; FFU, final follow-up; FTA, fomorotibial angle; MFC, medial femoral condyle; Mfx, microfracture;

OA, osteoarthritis; TKA, total knee arthroplasty.
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low-up period in full-thickness cartilage defects of the
osteoarthritic knee [3-5]. Lesion size (< 2.5cm?),
patient age (< 30 years), and activity level (low) are
the parameters that should be considered in selecting
microfracture for the treatment of symptomatic carti-
lage lesions of the knee [31]. Lower BMI (< 30kg/
m®) and a shorter duration of preoperative symptoms
(<12 months) correlate with better postoperative
results of microfracture in cartilage defects of the
non-osteoarthritic knee [32]. On the other hand,
microfracture does not show the anticipated clinical
and radiological long-term outcomes in focal cartilage
defects of the knee [33]. A leg malalignment > 5° in
varus correlates with a worse clinical outcome after
microfracture, but no difference was observed with
regard to the age of patients (<45 versus 45-55
years) [33]. In our small sample size study, patients
who had a degenerative knee accompanied by large
cartilage defect, varus leg alignment, and middle BMI
resulted in TKA salvations at a minimum duration of
11 months after arthroscopic microfracture and drill-
ing (Table 1). Cartilage repair on arthroscopic clas-
sification was better in osteoarthritic patients who
underwent abrasion arthroplasty plus closing-wedge
high tibial osteotomy (HTO) than in those who under-
went microfracture plus HTO or HTO alone at 1 year
postoperatively [11]. However, no difference between
these groups was observed in the clinical outcomes at
1, 3, and 5 years postoperatively [11]. Postoperative
rehabilitation in the literature is similar to the postop-
erative protocol in our study. Partial weight bearing
is allowed from 4 to 6 weeks postoperatively.
Excessive knee motion and early weight bearing may
inhibit the maturation of bone marrow-derived clots.
However, the optimum rehabilitation procedure to
prevent the loss of marrow-derived reparative tissue
is unclear. Taken together, arthroscopic marrow
stimulation provides a limited short-term effect on the
treatment of medial compartmental osteoarthritis of
the knee, and might not be suitable for osteoarthritic
knees having varus leg alignment.

In conclusion, our study demonstrated that microf-
racture and subchondral drilling resulted in failed
cartilage repair for the treatment of large cartilage
defects in the osteoarthritic knees. Regenerated car-
tilaginous tissues localized mainly at the deep layer of
the holes penetrating the subchondral bone plate. Our
results suggest that arthroscopic marrow stimulation
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might not improve clinical symptoms for the long term
in patients suffering large cartilage defects derived
from osteoarthritic knees.
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