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Background: Although microfracture is widely accepted as an effective treatment option for knee chondral lesions, little is known
about the deterioration of clinical outcomes and radiological progression in middle-aged patients. Therefare, this study was con-
ducted to evaluate the clinical and radiological changes after microfracture of knee chondral lesions in middle-aged Asian patients.
Methods: A total of 71 patients were included in the study. They were between the ages of 40 and 60 years and underwent
arthroscopic microfracture for localized full-thickness cartilage defects of the knee from January 2000 to September 2015. The
recovery status of chondral lesions was assessed by using the magnetic resonance observation of cartilage repair tissue (MOCART)
score in postoperative magnetic resonance imaging (MRI). Clinical and radiological results were reviewed, and survival rate with
conversion to arthroplasty or osteotomy as an end point was evaluated.

Results: The mean age of the patients at surgery was 51.3 + 4.7 years (range, 40 to 60 years), and the mean follow-up period was
7.2 + 2.6 years (range, 1.0 to 17.4 years). The MOCART scores of 32 patients at mean postoperative 2.1 years showed three cases
(9%) of full recovery, two cases (7%) of hyperplastic recovery, 23 cases (70%) with more than 50% filling, and four cases (14%)
with less than 50% filling. Clinical scores improved significantly at 1 year after surgery (p < 0.05); however, the scores deteriorated
over time after postoperative 1 year, and the mean values reached preoperative levels at postoperative 10 years. Significant ra-
diological progression of arthritis (Kellgren-Lawrence grade) was observed at 5 years after surgery. Four patients underwent total
knee arthroplasty during follow-up.

Conclusions: Most patients showed more than 50% of defect filling at 2 years after surgery on MRI. Clinical results of microfrac-
ture of knee chondral lesion showed the best improvement at postoperative 1 year but gradually worsened thereafter until postop-
erative 10 years. Radiological progression of arthritis was observed from 5 years after surgery.
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Microfracture is generally known as the first-line surgi-
cal treatment for focal cartilage defects owing to its many
advantages such as technical simplicity and cost-effective-
ness. The technique itself and first treatment results were
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egy for treatment of chondral lesions for the past 15 years.
Despite the long history and popularity of this procedure,
the quality of cartilage repair after microfracture is variable
and remains unclear. The healed cartilage at the chondral
defect site after microfracture is known as fibrocartilage or
hyaline-like cartilage, and the appearance of healed lesions
is inconsistent.”

Furthermore, limited information is available about
the clinical outcomes after microfracture for chondral le-
sions in middle-aged patients. Many studies have been
conducted to evaluate the outcomes in adolescent or young
patients treated with microfracture for traumatic chondral
lesions.”*” Although some studies including patients aged
more than 40 years have been reported, there has been no
study focusing on middle-aged patients between 40 and 60
years.'”" According to a recently published study on the
incidence of arthroscopy-documented cartilage injuries of
the knee in 21,392 patients, an outstanding increase and
the most frequent use of knee arthroscopy for cartilage
injury during 3 years (2008-2011) was observed in the age
group of 40-60 years."” Curl et al."” conducted a study on
cartilage injury with a review of 31,516 knee arthroscopies
and reported that grade IV lesions based on a modified
Outerbridge scale were found three times more frequently
in patients over 40 years of age. Progression of cartilage
defects could result in joint inflammation and further de-
generation and disability leading to osteoarthritis (OA)."”
Owing to increased incidence and advanced degree of
knee chondral lesions in middle-aged patients, the num-
ber of non-advanced symptomatic knee OA patients in
the United States in 2016 was highest in the age group of
40-60 years."” However, the rarity of research on knee
cartilage injury of middle-aged patients between 40 and 60
years limits prediction of treatment outcome.

In addition, reports on the outcome of microfrac-
ture in middle-aged Asian patients are rare. They are
commonly exposed to the high-flexion activities such as
kneeling, squatting, and cross-legged sitting in daily life for
cultural reasons. During high flexion, excessive compres-

142 Patients screened

sive pressure is generated at all compartments of the knee
joint, leading to accelerated degeneration of cartilage."
However, prediction of treatment outcome is limited due
to the lack of research on knee cartilage injury of middle-
aged Asian patients between 40 and 60 years. Therefore,
the purpose of this study was to investigate the changes
in clinical and radiological outcomes of arthroscopic mi-
crofracture of knee chondral lesions in middle-aged Asian
patients over time.

METHODS

This study was conducted in compliance with the prin-
ciples of the Declaration of Helsinki. The arthroscopic
surgery database of one tertiary referral center was re-
viewed retrospectively after obtaining approval from the
Institutional Review Board (IRB No. 1611-022-531) with
written informed consents. Patients were included in this
study if they had localized cartilage defects of the knee
confirmed by arthroscopy, had a minimum 1-year follow-
up after microfracture, and were between the ages of 40
and 60 years at the time of surgery between January 2000
and September 2015. Microfracture surgery was per-
formed according to the indication of 1 or 2 symptomatic
focal full-thickness articular chondral defects (Interna-
tional Cartilage Repair Society [ICRS] grade 3-4) on the
femoral condyles or trochlea, with a total size between 1
and 5 cm’. All arthroscopic procedures were determined
and performed by a senior surgeon (MCL). To identify the
cases with early OA, patients with progressive degenerative
changes on X-ray (higher than Kellgren-Lawrence [KL]
grade 3 and coronal deformity greater than 5 degrees from
the mechanical axis [MA]) were excluded (Fig. 1). Con-
comitant surgeries with microfracture were reviewed, and
to reduce data heterogeneity, only meniscectomy was in-
cluded. Therefore, patients who underwent microfracture
with other procedures including ligament surgery, realign-
ment procedure, and foreign body removal were excluded.
Patients who had not been followed up serially or missed

Assessed for eligibility

17 Lost to follow-up
39 Excluded

v

25 Not meeting inclusion criteria (age, 40-60 yr)

12 Kellgren-Lawrence grade = 3
11 Coronal deformity, mechanical axis = 5
16 Concomitant surgery, except meniscectomy

v

71 Patients included

Fig. 1. Flowchart of patient inclusion and
reasons for exclusion.
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a follow-up visit were contacted by telephone to ask for
an outpatient department visit or for data collection. If
there was no response after a minimum of three attempts
at contact, the patient was considered lost to follow-up. In
total, 71 patients were available for the clinical follow-up.

Patients’ demographic information such as age, sex,
laterality, weight, height, body mass index (BMI), and
follow-up duration were obtained from the arthroscopic
surgery database. The surgical record showed information
on the size and location of cartilage defects and combined
surgery. The recovery status of the osteochondral lesions
was compared using the magnetic resonance observation
of cartilage repair tissue (MOCART) score in 32 patients
who underwent magnetic resonance imaging (MRI).”” For
determination of the correlation of clinical outcome with
MRI findings, the following nine variables of MOCART
score were tested for correlation with the clinical score:
degree of defect repair and filling of the defect, integration
of border zone, surface of the repair tissue, structure of the
repair tissue, signal intensity of the repair tissue, subchon-
dral lamina, subchondral bone, adhesions, and synovitis.
For clinical evaluation, preoperative and 1-, 2-, 5-, 7- and
10-year follow-up scores were compared by using the
International Knee Documentation Committee (IKDC)
score, modified Lysholm score, Knee Injury and Osteoar-
thritis Outcome Score (KOOS), Tegner activity scale, and
visual analog scale (VAS, 1-10) score for pain and patient
satisfaction.”*” The serial change in MA, KL grade, and
joint line obliquity on simple radiographs were evaluated.
To evaluate the failure rate of microfracture, the incidence
of conversion to additional procedures such as total knee
arthroplasty (TKA), unilateral knee arthroplasty (UKA),
or high tibial osteotomy (HTO) was calculated.

Surgical Technique

Microfracture was performed arthroscopically in all pa-
tients. After assessment of the full-thickness articular car-
tilage lesion, the exposed subchondral bone was debrided
of unstable cartilage. During debridement of the cartilage,
marginally attached cartilage from the surrounding rim
of the articular cartilage or loose bodies was also removed
thoroughly to form a stable perpendicular edge of healthy
vital cartilage around the defect.”” Then, an arthroscopic
awl was used to make multiple perforations into the ex-
posed subchondral bone plate while taking care to not
make excessive damage to the subchondral bone.” The
holes were placed 3-4 mm apart without breaking the
subchondral bone plate between them. Fat droplets from
the marrow cavity were identified to confirm appropri-
ate depth (2-4 mm). When the blood flow from the bone

marrow appeared to be adequate in all areas of the defect
after reduction of the fluid pressure and deflation of the
tourniquet, the procedure was terminated. Intra-articular
drains were not inserted.

Rehabilitation Protocol

To promote recreation and development of the newly re-
cruited mesenchymal stem cells from the bone marrow,
continuous passive motion (CPM) was applied for all
patients regardless of the size and location of the lesion.
After surgery, patients were advised to perform CPM in
the recovery room with increasing range of motion, with
the usual speed of one cycle per minute for 6-8 hours per
day.?

For patients with medial and lateral tibiofemoral
chondral lesions, only crutch-assisted toe-touch weight
bearing was allowed for 2 weeks, and tolerable weight
bearing was allowed according to lesion size. For patients
with patellotrochlear chondral lesions, tolerable weight
bearing was allowed with full knee extension. Closed
kinetic chain exercises were started at 2-3 weeks after
surgery, and open kinetic chain exercises were started at
7-8 weeks postoperatively. More complex sports-specific
activity was initiated at 2-3 months postoperatively and
return to sports activity was recommended at 4-6 months
postoperatively.

Statistical Analysis

Patient demographic data were summarized and analyzed.
Correlations between variables of MOCART score and
clinical scores were analyzed with the Spearman correla-
tion coefficient and the Student ¢-test. For ordinal vari-
ables with more than three categories such as the degree of
defect repair and filling of the defect, integration of border
zone, surface of the repair tissue, and signal intensity of
the repair tissue, the Spearman correlation coefficient was
used; for variables with two categories such as structure of
the repair tissue, subchondral lamina, subchondral bone,
adhesions, and synovitis, the Student ¢-test was used. For
preoperative and postoperative 1-, 2-, 5-, 7-, and 10-year
follow-up functional scores, pairwise comparisons with
paired t-test were performed and followed by Bonferroni
correction for multiple comparisons. Serial comparison of
X-ray measurement was assessed by pairwise comparison
of Friedman rank sums. Survivorship analysis with conver-
sion to additional surgery as an end point was performed
by using Kaplan-Meier survival curves. All results were
analyzed with IBM SPSS ver. 22.0 (IBM Corp., Armonk,
NY, USA). A p-value < 0.05 was considered statistically
significant.
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RESULTS

The mean age of the patients at the time of microfracture
was 51.3 + 4.7 years (range, 40 to 60 years). Of 71 patients,
44 were female and 27 were male. The mean BMI was
26.5 + 3.3 kg/m’ (range, 18.9 to 30.5 kg/m®). Thirty-seven
(53%) and 34 (47%) patients underwent microfracture
on the right side and left side, respectively; there was no

Table 1. Summary of Demographic Characteristics

Variable Value
No. of patients Al

Age at surgery (yr) 51.3 + 4.7 (40-60)

Sex (female:male) 44 (65):27 (35)
BMI (kg/m?) 26.5+3.3(18.9-30.5)
Right:left:bilateral 37 (53):34 (47):0

Follow-up duration (yr) 7.2+26(1.0-17.4)

No. of patients by follow-up period (yr)

>1 71
>2 65
>5 39
>7 26
>10 12

Values are presented as mean + standard deviation (range) or number (%).
BMI: body max index.

bilateral case. The mean follow-up duration was 7.2 + 2.6
years (range, 1.0 to 17.4 years). The number of patients
who had a follow-up period of more than 1, 2, 5, 7, and 10
years was 71, 65, 39, 26, and 12, respectively (Table 1). The
mean cartilage defect size was 3.4 + 1.9 cm’ (range, 1.1 to
5.2 cm?®). Concomitant meniscectomy was performed in
33 patients (47%), and microfracture alone was performed
in 38 patients (53%). There were 43 lesions (60%) on the
medial femoral condyle, 15 lesions (21%) on the lateral
femoral condyle, nine lesions (13%) on the trochlear con-
dyle, and four lesions (6%) on multiple locations (Table 2).

Table 2. Summary of Surgical Characteristics

Variable Value

Defect size (cm?) 34+19(1.1-5.2)
Concomitant procedure

Medial meniscectomy 17 (24)

Lateral meniscectomy 14.(20)

Medial and Lateral meniscectomy both 2(3)

None 38 (53)
Location of lesion

Medial femoral condyle 43 (60)

Lateral femoral condyle 15(21)

Trochlea 9(13)

Multiple 4(6)

Values are presented as mean + standard deviation (range) or number (%).

Table 3. The p-value of Spearman Correlation Coefficient and t-test in Comparison of Clinical Outcome and Variables of MOCART Score

Variable Lysholm
Filling of the defect 0.183
Integration to border zone 0.182
Surface of the repair tissue 0.948
Structure of the repair tissue 0.491
Signal intensity of the repair tissue 0.482
Subchondral lamina 0.673
Subchondral bone 0.832
Adhesion 0.398
Synovitis 0.835

IKDC KOO0S Tegner VAS

0.243 0.283 0.381 0.389
0.326 0.385 0.294 0.198
0.772 0.783 0.883 0.704
0.541 0.581 0.512 0.401
0.267 0.339 0.283 0.557
0.675 0.471 0.648 0.783
0.713 0.792 0.683 0.763
0.442 0.452 0.323 0.293
0.886 0.795 0.685 0.782

MOCART: magnetic resonance observation of cartilage repair tissue, IKDC: International Knee Documentation Committee, KOOS: Knee Injury and

Osteoarthritis Outcome Score, VAS: visual analog scale.
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MRI Evaluation

MRI was done in 32 patients at a mean follow-up of 2.1 +
0.3 years (range, 1.8 to 2.5 years). The MOCART score re-
vealed three cases (9%) of full recovery, two cases (7%) of
hyperplastic recovery, 23 cases (70%) with more than 50%
filling, and four cases (14%) with less than 50% filling. The
degree of the integration at the border was incomplete in
most cases. The surface of recovered tissue was intact in
23%, and the rest was incomplete; 38% of the recovered
tissue was homogenous and showed intact subchondral
lamina. The clinical scores did not correlate with the MRI
findings (Table 3).

Clinical Outcomes

Clinical trend analysis of patients undergoing microfrac-
ture showed a significant improvement in all clinical results
(Lysholm, IKDC, KOOS, Tegner, and VAS scores) at 1 year
after surgery (p < 0.05). However, all clinical outcomes de-
teriorated with time at 2, 5, 7, and 10 years. In particular,
the IKDC, Lysholm, and VAS score showed statistically
significant deterioration (p < 0.05) from 1 year to 10 years
after surgery. At the final follow-up of more than 10 years,

there was no clinically significant improvement and the
scores were almost the same as the preoperative ones (Fig. 2).
Regarding patient satisfaction, 59% of the patients showed
overall satisfaction at the final follow-up.

3 -
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Preoperative 1 yr 2yr 5yr 7yr 10 yr
Postoperative

Fig. 3. Changes in Kellgren-Lawrence (KL) grade. There were significant
changes with time. The significant degenerative change was confirmed
from 5 years after surgery (*).
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Fig. 2. Changes in clinical scores. All clinical results at 1 year after surgery showed significant improvement (*) and tended to deteriorate with time at 2,
5,7, and 10 years. In particular, Lysholm, International Knee Documentation Committee (IKDC), and visual analog scale (VAS) scores showed statistically
significant deterioration from 1 to 10 years after surgery (‘). KOOS: Knee Injury and Osteoarthritis Qutcome Score.
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Radiological Evaluation

According to the evaluation of the KL grade, there were
significant differences with time. Specifically, significant
degenerative change was confirmed from 5 years after sur-
gery (Fig. 3). However, there was no significant change in
the mechanical axis and joint line convergence angle (Table
4).

Survivorship Analysis

Four patients underwent conversion TKA during the fol-
low-up period; none underwent UKA or HTO. The mean
duration of conversion to TKA after microfracture was 7.1
+ 2.3 years (range, 4.8 to 10.5 years) (Fig. 4).

DISCUSSION

The most important finding of this study is that the clini-
cal results of microfracture of knee chondral lesions in
middle-aged patients showed the best improvement at
postoperative 1 year but gradually worsened thereafter
until postoperative 10 years. The clinical scores at 2, 5, and
7 years after surgery were also higher than the preopera-
tive scores; however, the scores were lower than the 1-year
postoperative scores. Furthermore, the clinical scores at
10 years after surgery were similar or lower than the pre-
operative scores. Radiological results assessed by KL grade
remained stable until postoperative 5 years, after which
there was a tendency of deterioration.

Data on the clinical outcomes after microfracture
for chondral lesions in middle-aged patients are limited,
whereas studies on traumatic lesions in athletic or young
patients have been frequently reported. Steadman et al.”
reported that the Lysholm and Tegner scores at 11 years
after microfracture were significantly improved and the
degree of pain was significantly decreased compared
with the preoperative scores. In this retrospective study,
patients younger than 45 years were included and all the
chondral lesions were caused by trauma. Similarly, in a
long-term study (15 years) of young athletes, Gobbi et al.”

concluded that microfracture had benefits for younger
patients and small lesions. Therefore, these two studies
suggest that the healing outcomes could be more favorable
in younger patients with fresher tissues than those in our
patients who had a mean age of 51 years and degenera-
tive changes. In other words, older age and progression of
arthritis could be associated with deterioration and wors-
ening of outcomes. The results of the present study can be
also supported by the results from other studies. Kreuz et
al.” divided patients into groups by age and concluded that
those older than 40 years had deterioration over time dur-
ing a mid-term follow-up. In a 10-year follow-up study,
Bae et al."” reported that the survival rate of microfracture,
performed in patients with comparably older age (mean,
57 years; range, 41 to 71 years), decreased to 67.9% at 10
years compared with 88.8% at 5 years.

Asians are commonly exposed to high-flexion ac-
tivities such as kneeling, squatting, and cross-legged sit-
ting for cultural reasons. During high flexion, excessive
compressive pressure is generated at all compartments

B e

0.8 1

0.6

Survival rate

0.4 1

0.2 1

0 5 10
Year

Fig. 4. Kaplan-Meier survival analysis curve. During the 17-year follow-
up period, there were four failures. All four patients underwent total knee
arthroplasty (TKA). The mean duration of conversion to TKA after index
microfracture was 7 years.

Table 4. Comparison of Preoperative and Postoperative Clinical Scores and Radiological Measurement

Postoperative
Variable Preoperative
1yr 2yr 5yr 7yr 10 yr
MA (%) 27+02 22+05 19402 14+04 21+06 25+07
JLCA () 1409 1.3+0.2 12+04 1.1+£03 1.3+£0.7 14+05

Values are presented as mean + standard deviation.
MA: mechanical axis, JLCA: JqlntTllne_qonvergence angle.
*Positive value: varus deformity. 'Positive value: medial convergence.
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of the knee joint, leading to accelerated degeneration of
cartilage.” Still, there have been no studies comparing
the outcomes of microfracture between Asian and West-
ern patients. Therefore, we have no choice but to refer to
studies on middle-aged Western patients to estimate dif-
ferences with Asian patients. A study with an average of
36-month follow-up period showed no deterioration in
clinical scores but a high reoperation rate of 22% (18/ 81).""
Another study with an average of 23-month follow-up
showed early deterioration of ICRS score at 36 months
postoperatively.” Interestingly, some favorable outcomes
were observed in studies with Asian patients. A 36-month
follow-up study in patients with a mean age of 61 years
(range, 50 to 74 years) showed no deterioration in clini-
cal scores until final follow-up."” Another study involving
patients with a mean age of 57 years (range, 41 to 71 years)
showed deterioration from 5 years after surgery, and 38.1%
conversion rate to TKA."” These differences might be at-
tributable to different demographic characteristics and life
styles: middle-aged Westerners have high BMI and more
sports activities. In addition, differences in study design
might be responsible for different conclusions. Therefore,
it is difficult to assess the effect of high flexion activities
on the outcome of microfracture based on previously pub-
lished studies. Further comparative prospective studies are
needed.

There are several studies on the early and mid-term
success of microfracture in the knee joint.**""'**¥ A retro-
spective study with a large cohort (350 patients) who were
followed up for an average of 4 years after microfracture
found that the functional parameters improved over the
first 2 years and plateaued thereafter.” A recent retrospec-
tive study of 102 knees reported that all functional pa-
rameters showed excellent improvements at the mid-term
follow-up (mean, 5.7 years) after microfracture.'” In addi-
tion, in a systematic review of 5-year outcomes, Kraeutler
et al.” confirmed the equivalence of microfracture and
first-generation autologous chondrocyte implantation in
terms of clinical outcomes and reported similar failure
rates of 18.5% and 17.1%, respectively. These results are
similar with those of the present study. Although there
were deteriorations during the follow-up, the outcomes at
5 years after surgery were considered favorable when com-
pared with the preoperative functional scores.

A recent pooling of data in the form of systematic
reviews and meta-analyses has demonstrated that cartilage
defect-related factors correlate with outcomes after mi-
crofracture.*”*¥ Mithoefer et al.” reported a significantly
higher rate of return to sports in athletes with defects < 2
cm’ compared with that in athletes with larger lesions. In

the current study, we selected only patients in whom full-
thickness chondral lesions were diagnosed clinically and
confirmed by arthroscopy, and microfracture was not
performed for any lesions greater than 5 cm’. The average
size of the lesions was 3 cm® (range, 1to 5 cm?). Gill et al.”
reported that the treatment of chondral defects with the
microfracture technique had better results when the size
of the lesion was less than 4 cm”®, showing a trend of less
pain at final follow-up. Although there were long-term de-
teriorations, the favorable outcomes observed at the mid-
term follow-up in our study are consistent with the results
of the authors.”

Although studies that used X-ray measurement to
determine outcomes after microfracture were rare due to
the limitation of the method in the evaluation of cartilage,
some important findings were reported according to pre-
vious studies.'*"” One mid-term follow-up study showed
that the mechanical axis before surgery was related with
the survival rate of microfracture.’” Another study re-
ported that preoperative alignment on X-ray affected
degenerative osteoarthritic change of the knees in follow-
up X-ray.'” In the present study, radiological arthritic
progression was observed from 5 years after surgery. The
KL grade showed a significant change in the higher grades
at 5 years after microfracture, and this tendency continued
until last follow-up. Considering that X-ray is the first tool
for evaluating outcomes during the follow-up periods, this
finding, along with previously reported results, seems to
be helpful in predicting the prognosis of patients.

This study has several limitations including its ret-
rospective nature, small sample size, and lack of a control
group. The number of patients decreased over the follow-
up period: only 12 patients were available for evaluation
at the 10-year follow-up. Furthermore, patients with more
symptoms tend to revisit the outpatient clinic more fre-
quently and longer. Despite these limitations, meaning-
ful conclusions could be drawn from the natural clinical
course of the disease and treatment in a typical patient
population consisting of middle-aged Asian patients be-
tween 40 and 60 years, which has not been dealt with in
previous controlled studies. Another limitation of our
study is the lack of objective outcomes data such as the
results of second-look arthroscopy or histologic biopsy
findings. In our center, second-look arthroscopy is not
regularly performed in patients who receive microfracture
without any complication. Instead, MRI was performed
to check the cartilage status and to evaluate the MOCART
score. However, in the current study, MRI findings did not
correlate with clinical scores. One of the reasons is that
morphological MRI parameters could not be completely
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reliable due to lack of other specific combined factors
visible on MRI such as inflammation, nerve growth, and
increased vascular penetration. In addition, clinical out-
comes are influenced by other demographic and environ-
mental factors such as age, BMI, defect size, and joint de-
generation.’” Therefore, more accurate radiological scales
in correlation to clinical outcomes should be developed.
Finally, serial analysis of joint space with X-ray based
on KL grade could have some limitation in patients who
underwent meniscectomy. These patients generally show
joint space narrowing over time. Therefore, it is difficult to
exactly determine whether breakdown of the healed carti-
lage or inadequate meniscal coverage is the main cause of
joint space narrowing. In future studies, patients should be

classified according to the procedure combined with mi-
crofracture.

Most patients showed more than 50% of defect fill-
ing at 2 years after surgery in MRI. The clinical results of
microfracture of knee chondral lesions in middle-aged
patients showed the best improvement at postoperative 1
year but gradually worsened thereafter until postoperative
10 years. Radiological arthritic progression was observed
at 5 years after surgery.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

REFERENCES

1. Rodrigo JJ. Improvement of full-thickness chondral defect
healing in the human knee after debridement and micro-
fracture using continuous passive motion. Am J Knee Surg.
1994;7:109-16.

2. Steadman JR, Rodkey WG, Briggs KK. Microfracture to
treat full-thickness chondral defects: surgical technique, re-
habilitation, and outcomes. ] Knee Surg. 2002;15(3):170-6.

3. Knutsen G, Drogset JO, Engebretsen L, et al. A randomized
trial comparing autologous chondrocyte implantation with
microfracture: findings at five years. ] Bone Joint Surg Am.
2007;89(10):2105-12.

4. Kreuz PC, Erggelet C, Steinwachs MR, et al. Is microfrac-
ture of chondral defects in the knee associated with different
results in patients aged 40 years or younger? Arthroscopy.
2006;22(11):1180-6.

5. Krych AJ, Harnly HW, Rodeo SA, Williams RJ 3rd. Activity
levels are higher after osteochondral autograft transfer mo-
saicplasty than after microfracture for articular cartilage de-
fects of the knee: a retrospective comparative study. ] Bone
Joint Surg Am. 2012;94(11):971-8.

6. Kraeutler MJ, Belk JW, Purcell JM, McCarty EC. Micro-
fracture versus autologous chondrocyte implantation for
articular cartilage lesions in the knee: a systematic review of
5-year outcomes. Am J Sports Med. 2018;46(4):995-9.

7. Gobbi A, Karnatzikos G, Kumar A. Long-term results after
microfracture treatment for full-thickness knee chondral
lesions in athletes. Knee Surg Sports Traumatol Arthrosc.
2014;22(9):1986-96.

8. Harris JD, Siston RA, Pan X, Flanigan DC. Autologous
chondrocyte implantation: a systematic review. ] Bone Joint
Surg Am. 2010;92(12):2220-33.

9. Steadman JR, Briggs KK, Rodrigo JJ, Kocher MS, Gill TJ,
Rodkey WG. Outcomes of microfracture for traumatic
chondral defects of the knee: average 11-year follow-up. Ar-
throscopy. 2003;19(5):477-84.

10. Bae DK, Song SJ, Yoon KH, Heo DB, Kim TJ. Survival anal-
ysis of microfracture in the osteoarthritic knee-minimum
10-year follow-up. Arthroscopy. 2013;29(2):244-50.

11. Miller BS, Steadman JR, Briggs KK, Rodrigo JJ, Rodkey
WG. Patient satisfaction and outcome after microfracture of
the degenerative knee. ] Knee Surg. 2004;17(1):13-7.

12. Weber AE, Locker PH, Mayer EN, et al. Clinical outcomes
after microfracture of the knee: midterm follow-up. Orthop
J Sports Med. 2018;6(2):2325967117753572.

13. Lee]J, Lee SJ, Lee TJ, Yoon TH, Choi CH. Results of micro-
fracture in the osteoarthritic knee with focal full-thickness
articular cartilage defects and concomitant medial meniscal
tears. Knee Surg Relat Res. 2013;25(2):71-6.

14. Mithoefer K, Venugopal V, Managibwala M. Incidence,
degree, and clinical effect of subchondral bone over-
growth after microfracture in the knee. Am ] Sports Med.
2016;44(8):2057-63.

15. Mor A, Grijota M, Norgaard M, et al. Trends in arthros-
copy-documented cartilage injuries of the knee and repair
procedures among 15-60-year-old patients. Scand ] Med Sci
Sports. 2015;25(4):e400-7.

16. Curl WW, Krome ], Gordon ES, Rushing ], Smith BP, Poeh-
ling GG. Cartilage injuries: a review of 31,516 knee arthros-
copies. Arthroscopy. 1997;13(4):456-60.

17. Hijelle K, Solheim E, Strand T, Muri R, Brittberg M. Articu-
lar cartilage defects in 1,000 knee arthroscopies. Arthros-
copy. 2002;18(7):730-4.



290

18.

19.

20.

21.

22.

23.

Kim et al. Changes after Microfracture of Chondral Lesion of the Knee

Clinics in Orthopedic Surgery * Vol. 11, No. 3, 2019 * www.ecios.org

Deshpande BR, Katz JN, Solomon DH, et al. Number of
persons with symptomatic knee osteoarthritis in the US:
impact of race and ethnicity, age, sex, and obesity. Arthritis
Care Res (Hoboken). 2016;68(12):1743-50.

Thambyah A, Goh JC, De SD. Contact stresses in the knee
joint in deep flexion. Med Eng Phys. 2005;27(4):329-35.

Friedrich KM, Mamisch TC, Plank C, et al. Diffusion-
weighted imaging for the follow-up of patients after matrix-
associated autologous chondrocyte transplantation. Eur J
Radiol. 2010;73(3):622-8.

Briggs KK, Lysholm ], Tegner Y, Rodkey WG, Kocher MS,
Steadman JR. The reliability, validity, and responsiveness
of the Lysholm score and Tegner activity scale for anterior
cruciate ligament injuries of the knee: 25 years later. Am J
Sports Med. 2009;37(5):890-7.

Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM.
Measures of knee function: International Knee Documenta-
tion Committee (IKDC) Subjective Knee Evaluation Form,
Knee Injury and Osteoarthritis Outcome Score (KOOS),
Knee Injury and Osteoarthritis Outcome Score Physical
Function Short Form (KOOS-PS), Knee Outcome Survey
Activities of Daily Living Scale (KOS-ADL), Lysholm Knee
Scoring Scale, Oxford Knee Score (OKS), Western Ontario
and McMaster Universities Osteoarthritis Index (WOM-
AC), Activity Rating Scale (ARS), and Tegner Activity
Score (TAS). Arthritis Care Res (Hoboken). 2011;63 Suppl
11:5208-28.

Frisbie DD, Trotter GW, Powers BE, et al. Arthroscopic
subchondral bone plate microfracture technique aug-
ments healing of large chondral defects in the radial car-
pal bone and medial femoral condyle of horses. Vet Surg.

24.

25.

26.

27.

28.

29.

30.

1999;28(4):242-55.

Miller BS, Briggs KK, Downie B, Steadman JR. Clinical out-
comes following the microfracture procedure for chondral
defects of the knee: a longitudinal data analysis. Cartilage.
2010;1(2):108-12.

Goyal D, Keyhani S, Lee EH, Hui JH. Evidence-based status
of microfracture technique: a systematic review of level I
and II studies. Arthroscopy. 2013;29(9):1579-88.

Mithoefer K, Williams RJ 3rd, Warren RE, et al. The micro-
fracture technique for the treatment of articular cartilage
lesions in the knee: a prospective cohort study. ] Bone Joint
Surg Am. 2005;87(9):1911-20.

Mithoefer K, Williams RJ 3rd, Warren RE, Wickiewicz TL,
Marx RG. High-impact athletics after knee articular carti-
lage repair: a prospective evaluation of the microfracture
technique. Am J Sports Med. 2006;34(9):1413-8.

Mithoefer K, McAdams T, Williams R]J, Kreuz PC, Mandel-
baum BR. Clinical efficacy of the microfracture technique
for articular cartilage repair in the knee: an evidence-based
systematic analysis. Am J Sports Med. 2009;37(10):2053-63.

Gill TJ, McCulloch PC, Glasson SS, Blanchet T, Morris
EA. Chondral defect repair after the microfracture pro-
cedure: a nonhuman primate model. Am J Sports Med.
2005;33(5):680-5.

de Windt TS, Welsch GH, Brittberg M, et al. Is magnetic
resonance imaging reliable in predicting clinical outcome
after articular cartilage repair of the knee?: a systematic re-
view and meta-analysis. Am J Sports Med. 2013;41(7):1695-
702.



