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Background: Microfracture is the most common procedure for cartilage lesions during medial opening-wedge high tibial osteot-
omy (MOWHTO), but microdrilling has recently been introduced as an alternative technique.

Purpose: To compare the clinical, radiologic, and arthroscopic outcomes of microfracture and microdrilling during MOWHTO.
Study Design: Cohort study; Level of evidence, 3.

Methods: Included were 92 patients who underwent MOWHTO with either microfracture (n = 46) or microdrilling (n = 46), with
a minimum follow-up of 24 months. Clinical outcomes included visual analog scale (VAS) for pain, Lysholm score, International
Knee Document Committee (IKDC) subjective score, Western Ontario and McMaster Universities index (WOMAC), and objective
IKDC grade. Medial femoral condyle (MFC) cartilage repair status was evaluated at 12 months postoperatively using the MOCART
(magnetic resonance observation of cartilage repair tissue) 2.0 and the International Cartilage Regeneration & Joint Preservation
Society (ICRS) Cartilage Repair Assessment (CRA) grade.

Results: At 6 months postoperatively, the microdrilling group exhibited higher minimal clinically important difference achievement
rates than the microfracture group for VAS pain (63.1% vs 41.3%; P = .04), Lysholm (61.2% vs 41.3%; P = .02), and IKDC subjective
score (78.3% vs 45.7%; P = .001). At 12 months postoperatively, the microdrilling group exhibited significantly better VAS pain (33.7
+17.6vs 25.7 = 18.1; P = .03), Lysholm (57.8 + 12.2 vs 67.9 = 21.4; P = .007), and IKDC subjective score (52.9 = 13.5vs 61.9 +
10.4; P = .001) compared with the microfracture group, but this difference was not observed at 24 months. WOMAC scores were
superior in the microdrilling group at 6 months (32.1 = 16.7 vs 48.4 = 16.2; P = .004), 12 months (25.4 * 15.4vs 38.1 = 17.0; P =
.03), and 24 months (21.4 = 13.9 vs 37.3 = 14.6; P = .02). MFC cartilage repair status was superior in the microdrilling versus micro-
fracture group (ICRS CRA grade, 8.2 + 2.2 vs 6.7 * 2.1 [P = .005]; MOCART 2.0 score, 56.3 = 12.8 vs 49.7 * 8.9 [P = .02]). At 24
months postoperatively, the microdrilling group had a higher proportion of IKDC A or B grades (84.8% vs 50.0%; P = .001).

Conclusion: Combining MOWHTO with microdrilling for MFC defects resulted in earlier clinical recovery and superior functional
outcomes over 24 months postoperatively compared with microfracture and demonstrated excellent cartilage repair on postop-
erative evaluation.
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Articular cartilage lesions in the knee pose an unresolved
clinical challenge. The avascular nature of articular carti-
lage limits its inherent regenerative capacity, resulting
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in poor regenerative cell recruitment at the time of injury
and contributing to cartilage defect.'*! This impaired
regenerative capacity is strongly associated with cartilage
degeneration and progression to osteoarthritis. Extensive
research has been conducted to address full-thickness car-
tilage lesions. 53644
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Microfracture, a procedure introduced by Steadman?® in
1997, has become the standard procedure for treating
articular cartilage lesions. It involves the creation of small
holes in the subchondral bone to release marrow elements,
leading to the formation of a fibrocartilage layer. Micro-
fracture is valued for its simplicity, relatively short opera-
tive time, cost-effectiveness, and efficacy in managing
degenerative joint lesions.?4?%%7 Combining medial
opening-wedge high tibial osteotomy (MOWHTO) with
microfracture is a viable approach in cases of varus mala-
lignment with medial articular cartilage defects, demon-
strating positive outcomes in pain reduction and overall
clinical improvement in several studies.*>*%5° Despite its
benefits, microfracture has been associated with bone brit-
tleness, subchondral cyst formation, and subchondral plate
disruption. Long-term animal and human studies have
highlighted the susceptibility of the perforation site to
damage.>18:35:40

In recent literature, highly advanced cartilage degener-
ation in the medial compartment has been mentioned as
a risk factor for the survival rate of MOWHTO, and it
has been reported that cartilage status, rather than simple
chronological age, has a significant impact on patient clin-
ical outcome.'”® In addition, MOWHTO is increasingly
performed due to the aging of the population and the desire
to preserve the native knee joint, and the need to combine
MOWHTO with an effective cartilage procedure in older
age is being considered. The classic microdrilling technique
posed more problems due to thermal necrosis of the bone
compared with microfracture. However, the recently intro-
duced microdrilling technique uses a smaller diameter drill
to create deeper and more numerous holes. Continuous
cooled irrigation minimizes thermal necrosis of the adja-
cent bone, while forming more marrow channels. Preclini-
cal studies have shown this method to produce higher
quality and quantity of repaired cartilage.”?%43

Postoperative evaluation of structural outcomes follow-
ing cartilage repair procedures involves magnetic reso-
nance imaging (MRI) and arthroscopy. MRI is recognized
as the preferred method for assessing postoperative carti-
lage morphology, boasting a sensitivity of 80% and specific-
ity of 82% in determining the quality of cartilage repair
tissue.*! Additionally, arthroscopic evaluation, which
assesses the macroscopic appearance and biomechanical
properties of the repair site, serves as an accurate criterion
for postoperative assessment.?2%:34

To date, few studies have retrospectively evaluated the
effectiveness of microdrilling or microfracture as distinct
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modalities for managing medial femoral condyle (MFC)
cartilage defects in patients undergoing MOWHTO. Fur-
thermore, research on direct comparison of microdrilling
and other cartilage procedures is limited. Therefore, our
study aimed to compare the clinical, radiologic, and arthro-
scopic outcomes of microfracture and microdrilling techni-
ques for treating MFC defects in patients undergoing
MOWHTO. Our hypotheses were that (1) there would be
no significant differences in the clinical outcomes at 6,
12, and 24 months postoperatively between the 2 groups
and (2) there would be no significant differences in the
MRI findings or arthroscopic cartilage repair status at 12
months postoperatively between the 2 groups.

METHODS

Patient Selection

After receiving approval for the study protocol from our
institutional review board, we conducted a retrospective
review of patient data from individuals who underwent
MOWHTO combined with a cartilage procedure performed
by a single orthopaedic surgeon (S.-H.K.) at a single insti-
tution between September 2010 and May 2021. Indications
for MOWHTO were as follows: (1) relatively young and
active patients (<65 years old) with medial knee pain
refractory to nonoperative treatment for >3 months, (2)
medial compartment osteoarthritis accompanied by varus
deformity (hip-knee-ankle angle >5°), and (3) a relatively
good range of motion (motion arc >100° and flexion con-
tracture <15°) without joint instability. Indications for
combined marrow stimulation procedure (microfracture
or microdrilling) were (1) presence of near full-thickness
MFC cartilage defect (International Cartilage Regenera-
tion & Joint Preservation Society [ICRS] grade >3B), (2)
presence of focal and contained defect suitable for cartilage
regeneration, and (3) patient preference for undergoing
combined cartilage repair procedures, even if diffuse chon-
dral lesions were present. The microdrilling procedure has
been performed since April 2019, when we recognized the
need for an advanced bone marrow stimulation technique
and decided to apply it clinically.*?

The study inclusion criteria were as follows: (1) >24
months of clinical follow-up after MOWHTO with cartilage
surgery using either microfracture or microdrilling in MFC
defects, (2) MRI follow-up at 12 months postoperatively,
and (3) second-look arthroscopic assessment at 12 months
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Figure 1. Flowchart of patient inclusion and exclusion in this
study. MOWHTO, medial opening-wedge high tibial osteot-
omy; MRI, magnetic resonance imaging.

postoperatively. The exclusion criteria were as follows: (1)
patients with incomplete preoperative or postoperative
clinical data, (2) patients who underwent concomitant aug-
mented or cell-based cartilage procedures (autologous
chondrocyte implantation and autologous matrix-induced
chondrogenesis), and (3) patients who underwent concom-
itant bony procedures (lateral closing-wedge distal femoral
osteotomy).

Out of an initial 282 patients, 143 patients underwent
MOWHTO combined with bone marrow stimulation using
either microfracture or microdrilling within the period
specified. Ultimately, 113 patients were included in the
study; these patients were divided into 2 groups: those
who underwent microfracture (n = 67) and those who
underwent microdrilling (n = 46). After applying a propen-
sity score—matching algorithm considering age, sex, and
body mass index (BMI), we selected 46 patients for each
group (Figure 1).

Surgical Procedure and Rehabilitation

A single orthopaedic surgeon performed all surgeries. Pre-
operative planning using the Miniaci method®® ensured
proper lower extremity alignment. Diagnostic arthroscopy
was conducted prior to the osteotomy to assess the articu-
lar cartilage status. Biplanar MOWHTO was performed,
with additional microfracture or microdrilling on the
MFC lesions. Microfracture followed established tech-
niques,*® involving debridement of the chondral defect,
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creation of a stable vertical shoulder, and removal of the
calcified cartilage layer. Subsequently, subchondral perfo-
rations were made at 3- to 4-mm intervals using an arthro-
scopic awl (Arthrex) with a width of 2 to 3 mm and a depth
of 5 to 8 mm.'**® For microdrilling, similar cartilage defect
preparation procedures were followed as in microfracture.
However, drilling holes were created using a 1.5 mm-—
diameter drill bit (ECT Internal Fracture Fixation Drill
Bits; Zimmer Biomet), spaced evenly 1 to 2 mm apart
(slightly closer than microfracture holes) and extending
13 to 15 mm deep. Patients were recommended for plate
removal if bony union was confirmed at 12 months postop-
eratively, combined with arthroscopic evaluation of carti-
lage repair.

Postoperatively, patients were instructed to restrict
weightbearing using crutches and to limit range of motion
with a hinged brace. The duration of these restrictions var-
ied individually, typically lasting 6 to 8 weeks depending
on factors such as the cartilage defect size and contain-
ment.?® During the initial 2 weeks, patients were advised
to perform toe-touch weightbearing and passive range-of-
motion exercises using a continuous passive motion exer-
cise machine. Passive range of motion was increased by
30° every 2 weeks. Patients progressed to partial (50%)
weightbearing for the final 4 weeks of the weightbearing
restriction period. After the 6- to 8-week restriction period,
patients were instructed to discontinue using the hinged
brace and crutches.

Data Collection

Baseline patient characteristics, including age, BMI, sex,
and laterality, were collected. All patients had MFC
defects, which were categorized based on size, with 4 cm?
serving as the threshold for large defects.®'® The presence
of kissing lesions and multiple lesions was noted. Preoper-
ative alignment was assessed using radiographic parame-
ters, including the hip-knee-ankle angle'® and load-
bearing axis deviation'® on standing lower extremity
images.

Outcome Measures

Comparative analyses of clinical outcomes, radiological
measurements, and arthroscopic assessments were con-
ducted between the microfracture and microdrilling
groups. Patient-reported outcome measures (PROMs)
included the visual analog scale (VAS) for pain, Lysholm
knee score, International Knee Documentation Committee
(IKDC) subjective score, and Western Ontario and McMas-
ter Universities index (WOMAC), assessed preoperatively
and at 6, 12, and 24 months postoperatively. Objective
IKDC grades (A, normal; B, nearly normal; C, abnormal;
and D, severely abnormal) were recorded at all time points.

A standardized, reproducible, semiquantitative approach
for the morphological assessment of cartilage repair based
on the MOCART (magnetic resonance observation of carti-
lage repair tissue) 2.0 knee score of the MFC was performed
at 12 months postoperatively, involving 2 radiologists, each
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of whom measured the 7 variables of the MOCART 2.0
score*! on MRI; the mean of the 2 total scores was used in
the analysis. Subchondral bone was evaluated with 2 sub-
scales of the MOCART 2.0 score: bony defect or bony over-
growth (maximum score, 10) and subchondral changes
(maximum score, 20). Additionally, the presence of subchon-
dral edema, subchondral cysts, intralesional osteophytes,
and osteonecrosis was investigated.

Arthroscopic assessment was conducted at 12 months
postoperatively with fixation plate removal. The status of
the cartilage lesions was assessed by 2 orthopaedic sur-
geons (J.-S.P. and S.-H.J.) according to the ICRS Cartilage
Repair Assessment (CRA) grading system,?° and the mean
of the 2 scores was used in the analysis.

Minimal Clinically Important Difference for PROMs

The minimal clinically important difference (MCID) signi-
fied the smallest change in a score deemed important to
the patient.!® We attempted to use MCID thresholds
derived from microfracture-specific cohorts for relevant
PROMs (MCID for IKDC subjective score = 6.3 points at
6 months'?). If these values were unavailable, we priori-
tized the pre-established MCID values from previous stud-
ies and systematic reviews of cartilage repair surgery and
applied them (MCID for VAS pain = 27 points, Lysholm =
10.2 points'®®!) to evaluate the clinical outcomes.

Statistical Analysis

All statistical analyses were conducted using SPSS Version
26.0 (IBM Corp). Continuous variables were reported as
means with standard deviations and were analyzed using
the Student ¢ test or Mann-Whitney U test. Categorical
variables were reported as frequencies with percentages
and were assessed using the Pearson chi-square test or
Fisher exact test. Statistical significance was set at P <
.05 for all tests. Comparison of the PROMs (VAS pain,
Lysholm, IKDC subjective, and WOMAC scores) between
the microfracture and microdrilling groups at 6, 12, and
24 months postoperatively was performed using the Stu-
dent ¢ test. The distribution of the IKDC objective grades
was compared between the 2 groups using the Fisher exact
test. To determine the MCID achievement rate for the
IKDC subjective, VAS pain, and Lysholm scores, we
applied the MCID thresholds from previous studies'%1%%1
and compared them using the Pearson chi-square test. In
addition, based on load-bearing axis deviation at 12
months postoperatively, each patient was categorized
into undercorrected, acceptable, and overcorrected groups,
with 62.5% * 6.25% as the criterion for acceptable correc-
tion. A comparison between the microfracture and micro-
drilling groups of mean MOCART 2.0 score and ICRS
CRA grade at 24 months postoperatively was conducted
using the Student ¢ test. Finally, a subgroup analysis of
objective outcomes according to MFC defect size (<4 vs
>4 cm?) was conducted.
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RESULTS
Demographic Data

Baseline characteristics, including age, BMI, sex, and lat-
erality, were comparable between the microfracture and
microdrilling groups (P = .09-.82). There were also no sig-
nificant differences in preoperative radiologic alignment
parameters (P = .58-.67), cartilage defect location (P =
.10-.98), MFC defect size (P = .74), or MFC defect size dis-
tribution (P = .65) (Table 1).

Clinical Outcomes

Preoperative VAS pain, Lysholm, and IKDC subjective
scores were similar between the 2 groups (P = .79-.99) and
all scores improved significantly from preoperatively to 6,
12, and 24 months postoperatively in both groups (P <
.001). At the 12-month follow-up, the microdrilling group
showed superior VAS pain, Lysholm, and IKDC subjective
scores (P = .03, .007, and .001, respectively). However, no sig-
nificant differences were observed at 24 months. WOMAC
total scores were significantly superior in the microdrilling
group at all time points (P = .004-.03) (Table 2).

MCID Achievement Rate

At the 6-month postoperative follow-up, the microdrilling
group had a significantly higher proportion of patients
achieving the MCID on VAS (63.1% vs 41.3%; P = .04),
Lysholm score (65.2% vs 41.3%; P = .02), and IKDC subjec-
tive score (78.3% vs 45.7%; P = .001). The MCID achieve-
ment rate for the Lysholm score remained higher in the
microdrilling group at 12 months postoperatively (P = .03).
No significant differences were observed between the 2
groups at 24 months postoperatively for VAS, Lysholm
score, and IKDC subjective score (P = .21-.82) (Figure 2).

Objective Outcomes

Preoperative objective IKDC grade C or D rates did not sig-
nificantly differ between the microdrilling (58.7%) and the
microfracture (54.3%) groups. However, the microdrilling
group exhibited a higher percentage of patients who
achieved objective IKDC grade A or B at 12 months postop-
eratively (76.1% vs 52.2%; P = .03) and 24 months postoper-
atively (84.8% vs 50.0%; P = .001) (Table 3). In the
arthroscopic assessment, the microdrilling group displayed
significantly higher ICRS CRA scores than the microfracture
group at 12 months postoperatively (8.1 + 2.2 vs 6.9 + 2.1;
P = .01) (Figure 3). At 12 months postoperatively, there
were no significant differences in postoperative radiographic
alignment parameters and MOCART 2.0 scores between the
2 groups (P = .12-.59). However, in the subgroup analysis
based on MFC defect size, the microdrilling group exhibited
superior objective outcomes for large MFC defects (>4
em?), with no differences in the alignment parameters due
to MOWHTO between the 2 groups (Table 4).
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TABLE 1
Patient Baseline Characteristics According to Study Group®
Variable Microfracture (n = 46) Microdrilling (n = 46) p
Age, y 60.6 = 4.9 60.1 = 4.8 59
BMI, kg/m? 26.0 = 3.7 26.6 = 3.4 41
Sex .82
Male 14 (30.4) 15 (32.6)
Female 32 (69.6) 31 (67.4)
Laterality .09
Right 29 (63.0) 20 (43.5)
Left 17 (37.0) 26 (56.5)
MFC defect size,” cm? 6.1+39 6.3 +3.1 74
MFC defect size distribution .65
<4 cm?® 15 (32.6) 12 (26.1)
>4 cm? 31(67.4) 34 (73.9)
ICRS grade of defect, 1/2/3/4, n 0/0/21/25 0/0/17/29 .40
Defect location®
Lateral femoral condyle 1(2.2) 2 (4.3) .98
Medial tibial plateau 30 (65.2) 37 (80.4) .10
Lateral tibial plateau 12 (26.1) 14 (30.4) .48
Trochlea 26 (56.5) 34 (73.9) .13
Patella 18 (39.1) 20 (43.5) .83
Kissing lesions 24 (52.2) 26 (56.5) .83
Multiple lesions 35 (76.1) 38 (82.6) .61
HKA angle,® deg 74+ 34 7.2 +3.0 .67
Load-bearing axis deviation, % 18.1 = 15.7 19.8 = 13.4 .58

“Values are presented as mean * SD or n (%) unless otherwise indicated. BMI, body mass index; HKA, hip-knee-ankle; ICRS, Interna-
tional Cartilage Regeneration & Joint Preservation Society; MFC, medial femoral cartilage.

*Each defect size and location was evaluated during an intraoperative arthroscopic procedure.

A positive value indicates varus alignment and a negative value indicates valgus alignment.

Comparison of Patient-Reported Outcomes Between the Study Groups®

TABLE 2

VAS Pain Lysholm Score
Time Microfracture Microdrilling P Microfracture Microdrilling P
Preoperative 57.1 + 26.2 56.6 = 25.4 .95 44.7 + 20.9 44.8 + 19.5 .99
Postoperative, 6 mo 40.5 + 16.9 33.9 £ 22.3 11 55.4 + 17.2 61.4 + 21.2 .14
Postoperative, 12 mo 33.7 + 17.6 25.7 = 18.1 .03 57.8 + 12.2 679 = 214 .007
Postoperative, 24 mo 24.6 = 18.6 22.8 = 16.2 .62 69.4 = 16.5 71.9 + 18.3 .50
IKDC Subjective Score WOMAC Score
Time Microfracture Microdrilling P Microfracture Microdrilling P
Preoperative 37.2 = 16.2 36.2 = 17.5 .79 47.6 = 21.9 41.0 = 16.9 .02
Postoperative, 6 mo 47.2 + 10.9 49.8 £ 15.3 .37 484 + 16.2 32.1 = 16.7 .004
Postoperative, 12 mo 52.9 + 135 61.9 = 104 .001 38.1 + 17.0 254 + 154 .03
Postoperative, 24 mo 57.2 + 14.7 62.1 = 144 11 37.3 + 14.6 21.4 = 13.9 .02

“Values are presented as mean * SD. Bolded P values indicate a statistically significant difference between the groups (P < .05). IKDC,
International Knee Documentation Committee; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities index.

No major complications associated with either MOWHTO
or the combined cartilage procedure were observed. Subchon-
dral edema was observed in the majority of the patients at

the 1-year follow-up MR

I (91.3%

for both groups).

Subchondral cyst formation and intralesional osteophytes
were noted in a small number of cases in each group, with
no significant differences observed between groups (subchon-
dral cyst: microfracture, 8.7%; microdrilling, 6.5% [P = .69];
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Figure 2. MCID achievement rates for the VAS pain, Lysholm, and IKDC subjective scores between the microfracture and micro-

drilling groups according to postoperative period. Statistically

significant differences between the groups were observed at *post-

operative 6 months for the VAS pain, Lysholm, and IKDC subjective scores and ***postoperative 12 months for the Lysholm
score (P < .05). IKDC, International Knee Documentation Committee; MCID, minimal clinically important difference; MOWHTO,
medial opening-wedge high tibial osteotomy; postop, postoperative; VAS, visual analog scale.

TABLE 3
Comparison of Objective IKDC Grade at Preoperative to Postoperative Follow-up®
Group IKDC Grade A or B (n = 46) IKDC Grade C or D (n = 46) P
Preoperative .83
Microfracture 21 (45.7) 25 (54.3)
Microdrilling 19 (41.3) 27 (58.7)
Postoperative, 6 mo .68
Microfracture 24 (52.2) 22 (47.8)
Microdrilling 21 (45.7) 25 (54.3)
Postoperative, 12 mo .03
Microfracture 24 (52.2) 22 (47.8)
Microdrilling 35 (76.1) 11 (23.9)
Postoperative, 24 mo .001
Microfracture 23 (50.0) 23 (50.0)
Microdrilling 39 (84.8) 7 (15.2)

“Values are presented as n (%). Boldface P values indicate a statistically significant difference between the groups (P < .05). IKDC, Inter-

national Knee Documentation Committee.

intralesional osteophyte: microfracture, 4.3%; microdrilling,
2.2% [P = .56]). No osteonecrosis was observed in either
group. MOCART 2.0 subscales evaluating subchondral
bone defects or bony overgrowth and subchondral changes

showed no differences between the groups (bony defect
overgrowth: microfracture, 7.7 = 2.5; microdrilling, 7.9
2.7 [P = .73]; subchondral change: microfracture, 11.4
4.2; microdrilling, 12.9 + 3.2 [P = .07]).

+ 1+ 8
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Figure 3. ICRS CRA grade on arthroscopic assessment at
12 months postoperatively between the microfracture and
microdrilling groups. *Statistically significant difference
between groups (P < .05). CRA, Cartilage Repair Assess-
ment; ICRS, International Cartilage Regeneration & Joint
Preservation Society; MOWHTO, medial opening-wedge
high tibial osteotomy.

DISCUSSION

The primary finding of this study was the superiority of
microdrilling over microfracture for treating MFC defects
during MOWHTO according to several clinical outcomes
from 6 to 24 months after surgery, including cartilage repair
assessed through MRI and arthroscopic evaluation. The
excellent objective outcomes of microdrilling in large MFC
defects (>4 cm?) were particularly encouraging. This sug-
gests that microdrilling may effectively address the limited
indications for microfracture in large cartilage defects com-
monly encountered during MOWHTO procedures.
Clinically, the MCID scores play a vital role in estab-
lishing treatment thresholds via outcome measures.
MCID represents the change in outcome scores that result
in the smallest clinically noticeable improvement after sur-
gery.3® We were unable to calculate the MCID using the
anchor method; therefore, we relied on previously estab-
lished values from other studies.’'%!%®! Comparison of
the microfracture and microdrilling groups in terms of
MCID achievement rates for the VAS pain, Lysholm, and
IKDC subjective scores revealed a higher MCID achieve-
ment rate in the microdrilling group at the 6-month post-
operative mark. This finding indicates that microdrilling
has a more substantial impact on early postoperative satis-
faction and symptom improvement. These results are con-
sistent with the findings reported by Beletsky et al,* who
conducted a retrospective comparison between microfrac-
ture and microdrilling in 34 patients and found
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a statistically significantly favorable MCID achievement
rate in the IKDC subjective score, Knee injury and Osteo-
arthritis Outcome Score (KOOS) Pain subscale, and KOOS
Sport and Recreation subscale in the microdrilling group
compared with the microfracture group at 6 months post-
operatively. They attributed these results to differences
in bone channels reaching the medullary stroma, reduced
bone compression, and the absence of osteonecrosis in the
microdrilling group.®

Microfracture is a widely utilized technique for cartilage
repair due to its ease of execution and cost-effective-
ness.283%47 T date, few studies have retrospectively eval-
uated the effectiveness of microdrilling or microfracture as
distinct modalities for managing MFC defects in patients
undergoing MOWHTO.!® Several studies have noted the
challenges associated with achieving adequate microfrac-
ture in degenerative chondral lesions, primarily due to
the presence of osteosclerosis and the thin nature of the tis-
sue around the defect perimeter, rendering it challenging
to achieve an adequate effect.232® Moreover, several
studies reporting on postoperative outcomes at 1 to 5 years
after MOWHTO with microfracture have failed to demon-
strate statistically significant clinical superiority compared
with high tibial osteotomy alone.2527:37

Several studies have explored microdrilling as a tech-
nique for managing cartilage defects, with the fundamen-
tal premise being that certain factors can enhance its
efficacy. These factors include creating a vertical wall dur-
ing defect preparation, increasing the depth of subchondral
penetration, reducing the awl diameter, and augmenting
the number of subchondral perforations. Such adjustments
are believed to elevate the concentration of mesenchymal
stem cells and promote the release of growth factors and
chemotactic cytokines, thereby facilitating cartilage heal-
ing.*® In recent publications, Chen et al®” proposed an
alternative approach to prevent thermal osteonecrosis,
a potential complication associated with traditional micro-
drilling. Their studies,®” conducted in rabbits, combined
microdrilling with cooled irrigation and compared cartilage
filling based on different drilling depths. Remarkably, they
found that a 6-mm drilling depth resulted in significantly
better cartilage filling when compared with a 2-mm dril-
ling depth. Moreover, Min et al?® conducted a study in rab-
bits to measure the number of mesenchymal stem cells and
compare it with the total exposed area, which varied based
on drill size and the number of holes. Their findings
revealed that the number of mesenchymal stem cells
increased as the total exposed area expanded. The micro-
drilling technique employed in our study, characterized by
1- to 2-mm spacing and a 13- to 15-mm depth using a 1.5-
mm drill, aligns with these effective principles. By allowing
deeper penetration compared with microfracture and
increasing the exposed area, microdrilling likely enhances
the concentration of mesenchymal stem cells. Yang et al®3
reported that at a mean follow-up of 5.3 years after
MOWHTO, the final IKDC subjective score and WOMAC
score of the “good status” group, assessed as ICRS CRA
grade 1 or 2 at 1-year second-look arthroscopy, were signif-
icantly improved compared with the “bad status” group,
assessed as ICRS CRA grade 3 or 4. These results support
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TABLE 4
Radiologic Assessment at Postoperative 12-Month Follow-up and Subgroup Analysis
by MFC Defect Size at Last Follow-up®

Variable Microfracture (n = 46) Microdrilling (n = 46) P
Radiologic Assessment at 12-month Follow-up
HKA angle,” deg -3.7+ 18 —4.0 = 1.9 59
Load-bearing axis deviation, % 63.2 = 8.2 65.2 = 8.7 .25
Alignment correction® .57
Undercorrected 10 (21.7) 6 (13.0)
Acceptable 26 (56.5) 28 (60.9)
Overcorrected 10 (21.7) 12 (26.1)
Total MOCART 2.0 score 50.2 = 10.8 54.1 + 12.1 12
Subgroup Analysis by MFC Defect Size at Last Follow-up
Objective IKDC grade, Aor B/Cor D, n
<4 cm? 10/5 111 .18
>4 cm? 13/18 28/6 .001
HKA angle,” deg
<4 cm? -3.3 + 1.7 —-44+19 .12
>4 cm? —4.0 =19 -3.8+20 72
Load-bearing axis deviation, %
<4 cm? 61.1 + 8.2 66.7 + 7.9 .09
>4 cm? 64.2 + 8.1 64.7 + 9.0 .82
Alignment correction,’ undercorrected/acceptable/overcorrected, n
<4 cm? 3/10/2 1/7/4 .54
>4 cm? 7/16/8 5/21/8 .66
Total MOCART 2.0 score
<4 cm? 51.3 = 14.1 475 + 7.2 .40
>4 cm? 49.7 = 89 56.3 = 12.8 .02
ICRS CRA grade
<4 cm? 75+ 22 7.7+ 23 .82
>4 cm? 6.7 + 2.1 8.2+ 2.2 .005

“Values are presented as mean = SD or n (%) unless otherwise indicated. Last follow-up means that the IKDC objective grade is from
postoperative 24-month follow-up and other variables are from postoperative 12-month follow-up. Boldface P values indicate a statistically
significant difference between the groups (P < .05). CRA, Cartilage Repair Assessment; HKA, hip-knee-ankle; ICRS, International Cartilage
Regeneration & Joint Preservation Society; IKDC, International Knee Documentation Committee; MFC, medial femoral cartilage;

MOCART, magnetic resonance imaging of cartilage repair tissue.

®Varus alignment is indicated by a positive value and valgus alignment by a negative value.
‘Depending on the load-bearing axis deviation, undercorrected means <56.25%, acceptable means 56.25% to 66.30%, and overcorrected

means >66.30%.

the superiority of microdrilling for cartilage repair of MFC
at 12 months postoperatively on MRI and arthroscopy in
our study, which may have important clinical and cost-
effective significance in combination with MOWHTO.

A study by de Windt et al® demonstrated that patients
with femoral condylar defects experienced significantly
greater improvement with microfracture than those with
defects in the tibia or patella after 36 months of observa-
tion. However, Kreuz et al?® reported favorable results
for tibiofemoral cartilage defects (<4 cm?) in patients <40
years of age from 18 to 36 months after surgery. In patients
>40 years of age, the ICRS grade worsened between 18 and
36 months, regardless of the lesion site. Additionally, Weber
et al°? reported that in a midterm follow-up of microfracture
over 5 years, 42.1% of patients underwent reoperation at
a mean of 2.63 years, despite having a mean age of 35.87

years. Multivariate analysis identified a large defect size
exceeding 3.6 cm? as an independent risk factor for this reop-
eration rate. These findings highlight the limitations of
microfracture as a cost-effective cartilage procedure for
MOWHTO patients, who tend to be older and have larger
cartilage defects on average. Recently developed microdril-
ling techniques have shown promise owing to their
cost-effectiveness and their compatibility with single-stage
MOWHTO procedures. However, literature directly compar-
ing microdrilling with other cartilage procedures is limited.
Our study is valuable in this context, as it demonstrates
favorable clinical results for microdrilling in combination
with MOWHTO through a comparative analysis with micro-
fracture. It further underscores the efficacy of microdrilling,
particularly in addressing large MFC defects (>4 cm?) found
in most MOWHTO groups.
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Limitations

This study has a few limitations that should be considered.
First, its retrospective design introduced the possibility of
measurement bias. Second, combined MOWHTO presents
a significant limitation in directly comparing microfracture
and microdrilling. Although there was no significant differ-
ence in postoperative alignment between the 2 groups,
MOWHTO may affect clinical outcomes and cartilage
repair, introducing the potential for unknown confounding
factors that could influence outcomes. Third, we employed
preestablished MCID values derived from microfracture-
specific cohorts, including IKDC (6.3 points),"'? VAS pain
(27 points),’>! and Lysholm (10.2 points),'®5! for the
MCID threshold calculation of PROMs in the analysis of
clinical outcomes and systematic reviews of cartilage repair
surgery. Fourth, the patient assessments covered a 24-
month clinical follow-up and a 12-month MRI and arthro-
scopic evaluation, limiting the generalization of short-term
results and necessitating further research to investigate
long-term effects. Finally, potential inaccuracies in measur-
ing the MOCART 2.0 score via MRI and ICRS CRA grades
during arthroscopy may arise owing to variations in MRI
image quality and challenges associated with irregularities
in the articular surface and unclear lesion margins. Addi-
tionally, we did not perform histological assessments, which
are important for evaluating the durability and quality of
the repaired tissue.2® These limitations emphasize the
importance of conducting more comprehensive prospective
studies with extended follow-up periods and refined scoring
methodologies to enhance our understanding of the effec-
tiveness of the microdrilling technique.

CONCLUSION

Combining MOWHTO with microdrilling for MFC defects
demonstrated superior clinical recovery and enhanced
functional outcomes for up to 24 months postoperatively,
surpassing the results achieved with microfracture proce-
dures. Furthermore, the combined microdrilling approach
exhibited improved cartilage repair outcomes on postoper-
ative MRI and arthroscopic evaluations, even in cases
involving large MFC defects.

ORCID iDs
Se-Han Jung https://orcid.org/0000-0001-8422-093X
Min Jung https://orcid.org/0000-0002-7527-4802

Kwangho Chung
Sung-Hwan Kim

https://orcid.org/0000-0003-3097-3332
https://orcid.org/0000-0001-5743-6241

REFERENCES

1. Beletsky A, Naveen NB, Tauro T, et al. Microdrilling demonstrates
superior patient-reported outcomes and lower revision rates than tra-
ditional microfracture: a matched cohort analysis. Arthrosc Sports
Med Rehabil. 2021;3(3):€629-e638.

2. Bert JM. Abandoning microfracture of the knee: has the time come?
Arthroscopy. 2015;31(3):501-505.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Microfracture Versus Microdrilling in MOWHTO 9

. Brittberg M, Winalski CS. Evaluation of cartilage injuries and repair. J

Bone Joint Surg Am. 2003;85(suppl 2):58-69.

. Buckwalter J, Mankin H. Instructional course lectures, the American

Academy of Orthopaedic Surgeons—articular cartilage. Part I: tissue
design and chondrocyte-matrix interactions. J Bone Joint Surg Am.
1997;79(4):600-611.

. Buckwalter J, Mankin H. Instructional course lectures, the American

Academy of Orthopaedic Surgeons—articular cartilage. Part Il
degeneration and osteoarthrosis, repair, regeneration, and transplan-
tation. J Bone Joint Surg Am. 1997;79(4):612-632.

. Chen H, Hoemann CD, Sun J, et al. Depth of subchondral perforation

influences the outcome of bone marrow stimulation cartilage repair. J
Orthop Res. 2011;29(8):1178-1184.

. Chen H, Sun J, Hoemann CD, et al. Drilling and microfracture lead to

different bone structure and necrosis during bone-marrow stimula-
tion for cartilage repair. J Orthop Res. 2009;27(11):1432-1438.

. Chung K, Jung M, Jang K-M, et al. Particulated costal allocartilage

with microfracture versus microfracture alone for knee cartilage
defects: a multicenter, prospective, randomized, participant-and
rater-blinded study. Orthop J Sports Med. 2023;11(7):2325967123
1185570.

. de Windt TS, Bekkers JE, Creemers LB, Dhert WJ, Saris DB. Patient

profiling in cartilage regeneration: prognostic factors determining
success of treatment for cartilage defects. Am J Sports Med.
2009;37(1)(suppl):58-62.

Dhillon J, Kraeutler MJ, Fasulo SM, Belk JW, Scillia AJ, McCulloch
PC. Isolated osteotomy versus combined osteotomy and cartilage
repair for osteoarthritis or focal chondral defects of the medial com-
partment of the knee joint: a systematic review. Orthop J Sports Med.
2023;11(5):23259671231162030.

Farr J, Cole B, Dhawan A, Kercher J, Sherman S. Clinical cartilage
restoration: evolution and overview. Clin Orthop Relat Res. 2011;
469:2696-2705.

Greco NJ, Anderson AF, Mann BJ, et al. Responsiveness of the Inter-
national Knee Documentation Committee Subjective Knee Form in
comparison to the Western Ontario and McMaster Universities Oste-
oarthritis Index, modified Cincinnati Knee Rating System, and Short
Form 36 in patients with focal articular cartilage defects. Am J Sports
Med. 2010;38(5):891-902.

Hinckel BB, Thomas D, Vellios EE, et al. Algorithm for treatment of
focal cartilage defects of the knee: classic and new procedures. Car-
tilage. 2021;13(1)(suppl):473S-4958S.

Hoemann CD, Gosselin Y, Chen H, et al. Characterization of initial
microfracture defects in human condyles. J Knee Surg. 2013;26(5):
347-356.

Iseki Y, Takahashi T, Takeda H, et al. Defining the load bearing axis of
the lower extremity obtained from anterior-posterior digital radio-
graphs of the whole limb in stance. Osteoarthritis Cartilage.
2009;17(5):586-591.

Jaeschke R, Guyatt GH, Sackett DL, et al. Users’ guides to the med-
ical literature: lll. How to use an article about a diagnostic test B.
What are the results and will they help me in caring for my patients?
JAMA. 1994;271(9):703-707.

Jin C, Song E-K, Santoso A, Ingale PS, Choi I-S, Seon J-K. Survival
and risk factor analysis of medial open wedge high tibial osteotomy
for unicompartment knee osteoarthritis. Arthroscopy. 2020;36(2):
535-543.

Johnson LL, Spector M. The new microfracture: all things consid-
ered. Arthroscopy. 2015;31(6):1028-1031.

Jones KJ, Kelley BV, Arshi A, McAllister DR, Fabricant PD. Compar-
ative effectiveness of cartilage repair with respect to the minimal clin-
ically important difference. Am J Sports Med. 2019;47(13):3284-
3293.

Koh YG, Choi YJ, Kwon OR, Kim YS. Second-look arthroscopic eval-
uation of cartilage lesions after mesenchymal stem cell implantation
in osteoarthritic knees. Am J Sports Med. 2014;42(7):1628-1637.
Kon E, Gobbi A, Filardo G, Delcogliano M, Zaffagnini S, Marcacci M.
Arthroscopic second-generation autologous chondrocyte implanta-
tion compared with microfracture for chondral lesions of the knee:



10

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Park et al

prospective nonrandomized study at 5 years. Am J Sports Med.
2009;37(1):33-41.

Kraeutler MJ, Aliberti GM, Scillia AJ, McCarty EC, Mulcahey MK.
Microfracture versus drilling of articular cartilage defects: a system-
atic review of the basic science evidence. Orthop J Sports Med.
2020;8(8):2325967120945313.

Kreuz PC, Erggelet C, Steinwachs MR, et al. Is microfracture of chon-
dral defects in the knee associated with different results in patients
aged 40 years or younger? Arthroscopy. 2006;22(11):1180-1186.
Lee DH, Kim SJ, Kim SA, Ju G. Past, present, and future of cartilage
restoration: from localized defect to arthritis. Knee Surg Relat Res.
2022;34(1):1.

Lee O-S, Lee SH, Mok SJ, Lee YS. Comparison of the regeneration
of cartilage and the clinical outcomes after the open wedge high tibial
osteotomy with or without microfracture: a retrospective case control
study. BMC Musculoskelet Dis. 2019;20:1-11.

Mainil-Varlet P, Van Damme B, Nesic D, Knutsen G, Kandel R, Rob-
erts S. A new histology scoring system for the assessment of the
quality of human cartilage repair: ICRS Il. Am J Sports Med.
2010;38(5):880-890.

Matsunaga D, Akizuki S, Takizawa T, Yamazaki |, Kuraishi J. Repair
of articular cartilage and clinical outcome after osteotomy with micro-
fracture or abrasion arthroplasty for medial gonarthrosis. Knee.
2007;14(6):465-471.

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

Min BH, Choi WH, Lee YS, et al. Effect of different bone marrow stim-
ulation techniques (BSTs) on MSCs mobilization. J Orthop Res.
2013;31(11):1814-1819.

Miniaci A, Ballmer F, Ballmer P, Jakob R. Proximal tibial osteotomy:
a new fixation device. Clin Orthop Relat Res. 1989;246:250-259.
Mirza MZ, Swenson RD, Lynch SA. Knee cartilage defect: marrow
stimulating techniques. Curr Rev Musculoskelet Med. 2015;8:451-456.
Mithoefer K, McAdams T, Williams RJ, Kreuz PC, Mandelbaum 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):2053-2063.

Ogura T, Ackermann J, Mestriner AB, Merkely G, Gomoll AH. The
minimal clinically important difference and substantial clinical benefit
in the patient-reported outcome measures of patients undergoing
osteochondral allograft transplantation in the knee. Cartilage. 2021;
12(1):42-50.

Onoi Y, Hiranaka T, Hida Y, et al. Second-look arthroscopic findings
and clinical outcomes after adipose-derived regenerative cell injec-
tion in knee osteoarthritis. Clin Orthop Surg. 2022;14(3):377.

Orth P, Goebel L, Wolfram U, et al. Effect of subchondral drilling on
the microarchitecture of subchondral bone: analysis in a large animal
model at 6 months. Am J Sports Med. 2012;40(4):828-836.

Park JY, Kwon HM, Cho BW, Lee W-S, Yang IH, Park KK.
Accuracy of 2D CT-based measurements of rotational alignment of
the femoral component for total knee arthroplasty. Yonsei Med J.
2021;62(5):439.

Pascale W, Luraghi S, Perico L, Pascale V. Do microfractures
improve high tibial osteotomy outcome? Orthopedics. 2011;34(7):
e251-e255.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

The Orthopaedic Journal of Sports Medicine

Reinold MM, Wilk KE, Macrina LC, Dugas JR, Cain EL. Current con-
cepts in the rehabilitation following articular cartilage repair proce-
dures in the knee. J Orthop Sports Phys Ther. 2006;36(10):774-794.
Riff AdJ, Huddleston HP, Cole BJ, Yanke AB. Autologous chondrocyte
implantation and osteochondral allograft transplantation render com-
parable outcomes in the setting of failed marrow stimulation. Am J
Sports Med. 2020;48(4):861-870.

Saris DB, Vanlauwe J, Victor J, et al. Characterized chondrocyte
implantation results in better structural repair when treating symp-
tomatic cartilage defects of the knee in a randomized controlled trial
versus microfracture. Am J Sports Med. 2009;36(2):235-246.
Schreiner MM, Raudner M, Marlovits S, et al. The MOCART (mag-
netic resonance observation of cartilage repair tissue) 2.0 knee score
and atlas. Cartilage. 2021;13(1)(suppl):571S-587S.

Schuster P, Schulz M, Mayer P, Schlumberger M, Immendoerfer M,
Richter J. Open-wedge high tibial osteotomy and combined abra-
sion/microfracture in severe medial osteoarthritis and varus malalign-
ment: 5-year results and arthroscopic findings after 2 vyears.
Arthroscopy. 2015;31(7):1279-1288.

Shah SS, Lee S, Mithoefer K. Next-generation marrow stimulation
technology for cartilage repair: basic science to clinical application.
JBJS Rev. 2021;9(1):e20.

Sommerfeldt MF, Magnussen RA, Hewett TE, Kaeding CC, Flanigan
DC. Microfracture of articular cartilage. JBJS Rev. 2016;4(6):e6.
Song J-H, Bin S-I, Kim J-M, Lee B-S. Cartilage status, rather than
chronologic age, determines the outcomes of open wedge high tibial
osteotomy: a cartilage status-matched cohort study. Arthroscopy.
2021;37(9):2915-2922.

Steadman J. Microfracture technique for full-thickness chondral
defects: technique and clinical results. Oper Tech Orthop.
1997;7:294-299.

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. Arthroscopy. 2003;19(5):477-
484.

Steadman JR, Rodkey WG, Briggs KK. Microfracture: its history and
experience of the developing surgeon. Cartilage. 2010;1(2):78-86.
Sterett WI, Steadman JR. Chondral resurfacing and high tibial osteot-
omy in the varus knee. Am J Sports Med. 2004;32(5):1243-1249.
Sterett WI, Steadman JR, Huang MJ, Matheny LM, Briggs KK. Chon-
dral resurfacing and high tibial osteotomy in the varus knee: survivor-
ship analysis. Am J Sports Med. 2010;38(7):1420-1424.

Valtanen RS, Arshi A, Kelley BV, Fabricant PD, Jones KJ. Articular
cartilage repair of the pediatric and adolescent knee with regard to
minimal clinically important difference: a systematic review. Carti-
lage. 2020;11(1):9-18.

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.

Yang H-Y, Kwak W-K, Kang SJ, Song E-K, Seon J-K. Second-look
arthroscopic cartilage status is related to intermediate-term out-
comes after medial opening-wedge high tibial osteotomy. Bone Joint
J. 2021;103-B(11):1686-1694.



