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Abstract

Objective. This study aimed to compare the clinical outcomes of microdrilling and microfracture for unipolar cartilage lesions
of the distal femur. Design. Patients who underwent either microfracture or microdrilling and had postoperative magnetic
resonance imaging (MRI) at | year were retrospectively reviewed. The morphology of the repaired cartilage tissue was
evaluated using Magnetic Resonance Observation of Cartilage Repair Tissue (MOCART) 2.0 score. Functional outcomes
were assessed using the International Knee Documentation Committee (IKDC) subjective, Lysholm scores, and Visual
Analog Scale (VAS). In addition, the proportion of patients achieving improvement beyond the minimal clinically important
difference (MCID) was analyzed. Results. The MOCART score was significantly higher in the microdrilling group. Among
the variables, volume fill of the cartilage defect and integration into the adjacent cartilage showed significantly better results
in favor of the microdrilling group. A higher proportion of patients achieved improvement in the IKDC subjective score
beyond the MCID in the microdrilling group, whereas no significant differences were observed between the groups in
Lyholm score and VAS. Conclusion. Microdrilling showed better outcomes in terms of the MOCART and IDKC subjective
scores than microfracture, whereas Lysholm and VAS showed no significant differences. Further prospective studies are
required to evaluate the results of these 2 procedures.
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Articular cartilage has limited natural healing potential and X )
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hence, cartilage restoration procedures are commonly per-
formed.'” Various surgical modalities have been used,
including marrow stimulation procedures (MSPs), cell-
based therapies, and whole-tissue transplantation. Among
these procedures, MSPs are the most cost-effective for car-
tilage restoration.®!! MSPs involve multiple penetrations of
the subchondral bone, which facilitates the recruitment of
various cytokines and autologous pluripotent mesenchymal
stem cells from the bone marrow, leading to the formation
of superclots that cover the defect.'?> Although regenerated
cartilage is thought to be more akin to fibrous cartilage than
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normal hyaline cartilage, improved clinical outcomes have
been reported in multiple studies."!31¢

MSPs include microfracturing and microdrilling, which
differ in their methods of subchondral bone penetration.
Microfracturing involves impacting a microfracture awl to
create channels in the bone marrow, whereas microdrilling
involves drilling of the subchondral bone. Owing to the dif-
ferent methods of penetrating the subchondral bone, each
procedure has its own limitations. Microfractures, which
affect the subchondral bone more severely than microdrill-
ing, are thought to alter the normal structure whereas micro-
drilling poses a risk of thermal damage. Regarding the
potential differences due to discrepancies between the 2
surgical modalities, several animal studies have advocated
microdrilling over microfractures.!” !

Although Beletsky et al.? reported superior functional
outcomes with microdrilling at short-term follow-up, there
is a paucity of clinical studies comparing the clinical out-
comes of microdrilling and microfracture. Considering
that marrow stimulation is a widely used surgical tech-
nique, a comparison of the clinical outcomes could pro-
vide valuable insights into the selection of the 2 procedures,
especially on the perspective of the structure of the regener-
ated cartilage.

Therefore, the aim of our study was to compare the
clinical outcomes of microdrilling and microfracture for
unipolar cartilage lesions in the distal femur using a
Magnetic Resonance Observation of Cartilage Repair
Tissue (MOCART) 2.0 score as a primary outcome mea-
sure. We hypothesized that microdrilling would result in
superior results compared with microfractures.

Methods

Patient Enrollment

This was a retrospective study of patients who underwent
MSPs performed by a single surgeon who had performed
both microdrilling and microfracture within the period of
interest, with a prospective collection of pre- and postopera-
tive patient-reported outcome scores and imaging studies,
including 1-year postoperative magnetic resonance imaging
(MRI) and a minimum 2-year follow-up of functional out-
comes. This study was approved by the Institutional Review
Board, and the requirement for informed consent was
waived because of the retrospective nature of the study
(Gangnam Severance Hospital, 3-2024-0251). The medical
records of patients who underwent MSPs for unipolar carti-
lage defects of the distal femur between March 2010 and
February 2022 performed by the single surgeon at the single
institute were analyzed. The inclusion criteria were as fol-
lows: patients with (1) follow-up MRI at 1 year postopera-
tively and (2) minimum follow-up duration of 2 years with
data of patient-reported outcome measures, including the

Visual Analog Scale (VAS), International Knee Documentation
Committee (IKDC) subjective score, and Lysholm score. The
exclusion criteria were as follows: patients who had (1) con-
comitant osteotomy, (2) concomitant ligament reconstruction,
(3) enhanced MSPs, (4) concomitant stem cell implantation,
(5) combined procedures for cartilage restoration, (6) con-
comitant procedures involving the subchondral bone of the
articular surface, (7) a history of previous surgery of the ipsi-
lateral knee, and (8) nonfunctional meniscus defined as sub-
total or total meniscectomy of the affected compartment.

The patients were divided into 2 groups according to
MSPs: the microfracture group (group 1) and the micro-
drilling group (group 2).

Surgical Indication, Technique, and
Rehabilitation

The indications for MSP without limb realignment proce-
dure at our institute were as follows: patients with (1) no
advanced osteoarthritis defined as Kellgren—Lawrence
grade =3, (2) cartilage lesion grade =3b according to the
International Cartilage Repair Society (ICRS) grading
system, (3) no definite malalignment of the affected lower
limb (hip-knee-ankle angle within 5° of valgus or varus
alignment), and (4) the willingness to complete a strict
postoperative rehabilitation program. Although MSP was
planned for cartilage lesions sized 2~3 cm?, patients with
cartilage lesions >3 c¢m? after debridement of the unstable
margin were evaluated intraoperatively and underwent
MSP as planned. Patients were informed about the clinical
routine for MRI follow-up at 1-year postoperatively. The
surgical procedure was performed using an arthroscopic
gouge to create a stable vertical margin of the cartilage
lesion, and a ring curette was used to remove tissues, includ-
ing the calcified area, which has been reported to affect the
MSP results.?!??

After the preparation, arthroscopic microfracturing or
microdrilling was performed. Until February 2019, micro-
fracturing with an awl was performed, whereas microdrill-
ing was initiated in March 2019 regarding previous
studies.!”!° Additional portals for direct access to the carti-
laginous lesions were made if needed. For microfracturing,
angled awls were used to penetrate the subchondral bone,
and each hole was made with a width of 2 to 3 mm and a
depth of 5 to 8 mm at an interval of 3~4 mm (Fig. 1). For
microdrilling, a 1.5-mm drill bit (ECT Internal Fracture
Fixation Drill Bits; Zimmer Biomet, Warsaw, IN, USA) and
pneumatic power drill with a reamer (PowerPro Pneumatic
Single Trigger Modular Handpiece; ConMed, Largo, FL,
USA) were used. The drill bit was locked to the drill chuck
at a length at which the drill bit was exposed from the guide
at 15 mm when fully engaged, leading to a unified penetra-
tion depth. Subchondral bone perforation was performed
vertically at 2 mm intervals between each drill hole, using
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Figure |. Arthroscopic image of (A) microdrilling and (B)
microfracture.

the diameter of the perforated hole as a reference (Fig. 1).
The aim of both the microfracture and microdrilling proce-
dures was to create as many channels as possible to the bone
marrow.

Passive range of motion exercises were initiated imme-
diately after the surgery. A hinged knee brace and crutches
were typically applied for 6-10 weeks, in accordance with
the location of the cartilage defect and meniscus proce-
dure. During this period, limited weightbearing was
implemented with the knees fully extended. After discon-
tinuation of crutches and braces, closed-chain exercises
were recommended.

Patient Evaluation

Demographic data, such as age, sex, laterality of the affected
knee, and body mass index (BMI) were also collected. The
presence of preoperative subchondral bone marrow edema
adjacent to the cartilage lesion was analyzed, and the high-
est grade of the preoperative bone marrow edema among
the subregions evaluated by MOAKS was used for analy-
sis.? Intraoperative data assessing the cartilage lesion
were documented by the attending surgeon immediately
after the surgical procedure, including the location and
grade of the lesion in accordance with the ICRS grading
system and the size of the lesion after preparation. The
location of the cartilage lesion was classified as the medial
femoral condyle, lateral femoral condyle, or trochlea.
Considering that MSP results in poor outcomes for large
cartilage lesions and that the current literature suggests
against MSP for large lesions typically defined as lesions of
size >2.5 cm?, a subgroup analysis was performed with car-
tilage lesion sizes = 2.5 cm?.2426

Clinical Evaluation

To assess the subjective outcomes, the VAS, IKDC, and
Lysholm scores were analyzed. Each score was prospec-
tively recorded preoperatively and at 1 and 2 years postop-
eratively. The minimal clinically important difference
(MCID) values of each variable, which were reported as

16.7, 10.1, and 27 in previous studies for the IKDC subjec-
tive, Lysholm scores, and VAS, respectively, were used in
the analyses.?”?

The radiological outcomes were retrospectively analyzed.
Radiological outcomes included the Kellgren—Lawrence
grade of the affected compartment on standing anteroposte-
rior (AP) radiographs of the medial and lateral compartments.
For trochlear lesions, the Kellgren—Lawrence grade was ana-
lyzed using Merchant radiography.

A follow-up MRI was performed with a minimum 1.5
tesla unit at 1 year postoperatively. A Magnetic Resonance
Observation of Cartilage Repair Tissue (MOCART) 2.0
score, which is reported to be a reliable method for evaluat-
ing the morphology of regenerated cartilage tissue, was
analyzed using MRI conducted 1 year postoperatively.?*3°
The MOCART score was evaluated by 2 experienced ortho-
pedic surgeons who were blinded to the group allocation
and results. For patients who underwent concomitant
meniscal repair, the healing status was evaluated according
to the method reported in previous studies.?!*?

Statistical Analysis

Prior to the study, an a priori power analysis was performed
to determine an adequate sample size. Owing to the lack of
a reference study for each variable and total MOCART
score, a preliminary pilot study was performed with 10
patients in each group. Using these data as a reference
value, a power analysis was performed for each variable,
and the total MOCART score with the significance level (o)
and power (1 — ) was set as 0.05 and 0.8, respectively. As
a result, the largest value of the required sample size in each
group was 21 for the total MOCART score, which was 53.0
+ 20.6 and 68.0 £ 14.2 for groups 1 and 2, respectively.

All statistical analysis was performed with IBM SPSS
(version 26.0). Normality was analyzed using the
Kolmogorov—Smirnov test. For continuous variables, an inde-
pendent t-test or Mann—Whitney U test was performed
according to the normality of each variable. For categorical
values, the chi-square test was performed. Fisher’s exact
test was performed when =20% of the expected cell counts
were <5. To measure the MOCART score, the interob-
server reliability was evaluated using intraclass correlation
coefficients with 95% confidence intervals (CI). The level
of significance was set at P < 0.05.

Results

A total of 68 patients were enrolled, with 43 patients classi-
fied into group 1 (microfracture) and 25 into group 2 (micr-
odrilling) (Fig. 2). Demographic data, the proportion of
patients with preoperative subchondral edema, and intraop-
erative data showed no significant differences between the
2 groups (Table 1). With no repaired meniscus non-healed,
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Patients who underwent marrow stimulation procedure (MSP) for
unipolar cartilage lesion between March 2010 to February 2022 (n=457)

.

Exclusion criteria

* No follow-up MRI: 108

Insufficient follow-up duration : 44

MSP patients who had undergone postoperative MRI
with a minimum 2 years follow-up (n=305)

Exclusion criteria

* Non functional meniscus : 3

Concomitant osteotomy procedure : 145
Concomitant ligament reconstruction : 31

Enhanced MSP: 34

Concomitant stem cell implantation : 7

Other combined cartilage procedure : 6

Concomitant procedures involving subchondral bone
of articular cartilage : 11

68 patients included

I Microfracture : 43 patients (group 1) ] l Microdrilling : 25 patients (group 2) ’

Figure 2. Flow chart of patient inclusion and exclusion criteria. MSP = marrow stimulation procedure; MRl = magnetic resonance

imaging.

24 and 8 patients in groups 1 and 2, respectively, had a com-
pletely healed meniscus, as assessed by 1-year postopera-
tive MRI, showing no significant difference between the 2
groups (P > 0.999). One patient in the microfracture group
underwent revision autologous chondrocyte implantation at
15 months postoperatively, whereas no patient in the micro-
drilling group underwent revision surgery during the 2-year
follow-up period.

Comparison of MOCART Scores

Among the variables of the MOCART 2.0 score, volume fill
of cartilage defect, integration to adjacent cartilage, and total
MOCART scores were significantly higher in group 2, while
other variables showed no significant difference. Although the
mean score for subchondral changes showed no significant
difference, the proportion of patients with severe edema-like
marrow signals was significantly higher in group 1 (Table 2).
The measurement reliability for MOCART score in the pres-
ent study showed “good” to “excellent” reliability (intraclass
correlation coefficient, 0.837-0.935).33

Comparison of Objective and Subjective
Variables

The preoperative Kellgren-Lawrence (KL) grade of the
compartment involving the cartilage defect was not signifi-
cantly different between the 2 groups. At 1 and 2 years

postoperatively, the KL grades showed no significant differ-
ences between the 2 groups (Table 3).

The preoperative IKDC subjective, Lysholm scores, and
VAS were not significantly different between the 2 groups.
Each variable at 1 and 2 years postoperatively also showed no
significant differences between the 2 groups for any of the
IKDC subjective, Lysholm scores, or VAS, except for the
IKDC subjective score at 2 years postoperatively. The propor-
tion of patients whose scores improved beyond the MCID was
higher in the microdrilling group whereas no difference was
observed in the Lysholm score and VAS (Table 3).

Subgroup Analysis for Cartilage Lesions Sized
=2.5cm?

Notably, 33 patients in group | and 22 patients in group 2
had MSP for cartilage defect sizes =2.5 cm?. No significant
differences were observed in the demographic and intraop-
erative data between the 2 groups (Table 4). The volume of
the cartilage defect, integration into the adjacent cartilage,
and total MOCART scores were also higher in group 2,
which was consistent with the results obtained regardless of
the lesion size (Table 5). The mean IKDC subjective score
at 2 years postoperatively and the proportion of patients
who showed an improvement in the IKDC subjective score
beyond the MCID were significantly higher in group 2,
which was also consistent with the results for whole carti-
lage lesion size (Table 6).
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Table |I. Demographic and Intraoperative Data.
Group | Group 2

Demographic and Intraoperative Data? (n=43) (n=125) P value

Age (years) 56.0 = 11.7 57.7 £ 10.2 0.548

Sex® >0.999
Male 8 (18.6%) 4 (16.0%)

Female 35 (81.4%) 21 (84.0%)

Laterality® 0.448

Right 17 (39.5%) 13 (52.0%)
Left 26 (60.4%) 12 (48.0%)
BMI 255 = 3.1 264 + 4.6 0.430

Preoperative bone marrow edema, yes/ no® 15 (34.9%)/28 (65.1%) 8 (32.0%)/17 (68.0%) >0.999
Grade | 5 3 >0.999
Grade 2 5 2
Grade 3 5 3

Cartilage lesion size (cm?) 20+ 1.0 1.8 =08 0.430

Cartilage location® 0.662
Medial femoral condyle 33 (76.7%) 18 (72.0%)

Lateral femoral condyle 3 (7.0%) | (4.0%)
Trochlea 7 (16.3%) 6 (24.0%)

ICRS grade® >0.999
b, ¢, and d 40 (93.1%) 24 (96.0%)

v 3 (6.9%) | (4.0%)

Meniscus procedure of affected compartment® 0.185
None 12 (27.0%) 10 (40.0%)

Partial meniscectomy 6 (14.0%) 6 (24.0%)
Meniscus repair 25 (58.1%) 9 (36.0%)

BMI = body mass index; ICRS = International Cartilage Repair Society.

*The values are given as the mean and standard deviation, otherwise noted separately.

®The values are given as the number and proportion of patients.

Table 2. Comparison of MOCART Score.

Group | Group 2

MOCART Variables® (n=43) (n = 25) P value

Volume fill of cartilage defect® 126 £ 74 172 £33 0.017
(20) Complete filling or minor hypertrophy 16 (37.2%) 13 (52.0%) 0.021
(15) Major hypertrophy of 75%~99% filling 8 (18.6%) 10 (40.0%)

(10) 50%~74% filling 7 (16.3%) 2 (8.0%)
(5) 25%~49% filling 6 (14.0%) 0 (0.0%)
(0) 50%~74% filling 6 (14.0%) 0 (0.0%)

Integration into adjacent cartilage® 92 £57 12.0 = 4.8 0.019
(15) Complete integration 13 (30.2%) 16 (64.0%) 0.041
(10) Split-like defect = 2 mm 18 (41.9%) 5 (20.0%)

(5) Defect > 2 mm but <50% of repair tissue length 3 (7.0%) 2 (8.0%)
(0) Defect =50% of repair tissue length 9 (20.9%) 2 (8.0%)

Surface of the repair tissue® 48 * 4.1 54+ 38 0.525
(10) Surface intact 13 (30.2%) 8 (32.0%) 0.665
(5) Surface irregular <50% of repair tissue diameter 15 (34.9%) Il (44.0%)

(0) Surface irregular =50% of repair tissue diameter 15 (34.9%) 6 (24.0%)

Structure of the repair tissue® 05 =21 04 *20 0.900
(10) Homogenous 2 (4.7%) | (4.0%) >0.999
(0) Inhomogenous 41 (95.3%) 24 (96.0%)

(continued)
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Table 2. (continued)
Group | Group 2

MOCART Variables? (n = 43) (n = 25) P value

Signal intensity of the repair tissue® 98 + 1.5 102 + 1.0 0.145
(I5) Normal 0 (0.0%) | (4.0%) 0.604
(10) Minor abnormal 42 (97.7%) 24 (96.0%)

(0) Severely abnormal 1 (2.3%) 0 (0.0%)

Bony defect or bony overgrowth® 7.1 = 4.1 6.6 = 3.7 0.449
(10) No bony defect or bony overgrowth 27 (62.8%) 12 (48.0%) 0.193
(5) Bony defect < thickness of adjacent cartilage OR 7 (16.3%) 9 (36.0%)

overgrowth <<50% of adjacent cartilage
(0) Bony defect = cartilage thickness OR overgrowth 9 (20.9%) 4 (16.0%)
=50% of adjacent cartilage

Subchondral changes® 13.3 £ 4.1 142 £ 45 0.144
(20) No major change 9 (20.9%) 5 (20.0%) 0.043
(15) Minor edema-like marrow signal 10 (23.3%) 13 (52.0%)

(10) Severe edema-like marrow signal 23 (53.5%) 6 (24.0%)
(0) Subchondral cyst =5 mm or osteonecrosis-like signal | (2.3%) | (4.0%)

Total® 56.9 £ 16.6 66.0 £ 12.0 0.022

MOCART = Magnetic Resonance Observation of Cartilage Repair Tissue.

*The values are given as the number and proportion of patients, otherwise noted separately.

®The values are given as the mean and standard deviation.

Table 3. Comparison of Subjective and Objective Outcomes Between 2 Groups.

Subjective and Objective Group | Group 2

Variables® (n=43) (n = 25) P value

Kellgren-Lawrence grade®
Preoperative
0/1/2 6/32/5 5/17/3 0.247
| year postoperative
0/1/2/3 1/32/9/1 3/17/5/0 0.775
2 year postoperative
0/1/2/3 1/17/21/4 2/14/9/0 0.848

IKDC subjective
Preop 37.7 £ 139 405 = 16.5 0.458
| year postoperative 509 £ 14.0 559 £ 149 0.183
2 year postoperative 532 £ 14.0 61.7 =152 0.023
MCID achievement® 17 (39.5%) 18 (72.0%) 0.013

Lysholm
Preop 46.6 = 21.3 54.6 +21.8 0.142
| year postoperative 65.3 = 23.2 69.7 = 22.8 0.461
2 year postoperative 68.7 = 20.0 75.0 = 183 0.196
MCID achievement® 28 (65.1%) 17 (68.0%) >0.999

VAS
Preop 544 £ 240 44.6 = 284 0.136
| year postoperative 22.5 £20.2 165 *= 13.2 0.203
2 year postoperative 26.0 =228 21.6 £263 0.470
MCID achievement® 25 (58.1%) 12 (48.0%) 0.458

IKDC = International Knee Documentation Committee; VAS = Visual Analogue Scale; MCID = minimal clinically important difference.

*The values are given as the mean and standard deviation, otherwise noted separately.

®The values are given as number of patients.

“The values are given as the number and proportion of patients.
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Table 4. Subgroup Analysis of Demographic and Intraoperative Data for Cartilage Lesion Sized < 2.5 cm?.

Demographic and Intraoperative Data? Group | (n = 33) Group 2 (n = 22) P value
Age (Years) 57.1 £10.8 579 £ 10.7 0.795
Sex® >0.999
Male 6 (18.2%) 4 (18.2%)
Female 27 (81.8%) 18 (81.8%)
Laterality® 0.580
Right 12 (36.4%) 10 (45.5%)
Left 21 (63.6%) 12 (54.5%)
BMI 25.5 = 3.1 262 = 4.6 0.537
Preoperative bone marrow edema, yes/no® 9 (27.3%)/ 24 (72.7%) 7 (31.8%)/ 15 (68.2%) 0.768
Grade | 2 3 0.563
Grade 2 4 |
Grade 3 3 3
Cartilage lesion size (cm?) 1.6 = 0.7 1.6 =04 0911
Cartilage location® >0.999
Medial femoral condyle 25 (75.8%) 17 (77.3%)
Lateral femoral condyle I (3.0%) 0 (0.0%)
Trochlea 7 (21.2%) 5(22.7%)
ICRS grade® 0.511
b, ¢, and d 31 (93.9%) 22 (100.0%)
v 2 (6.1%) 0 (0.0%)
Meniscus procedure of affected compartment® 0.257
None I'1(33.3%) 8 (36.4%)
Partial meniscectomy 4 (12.1%) 6 (27.3%)
Meniscus repair 18 (54.6%) 8 (36.4%)

BMI = body mass index; ICRS = International Cartilage Repair Society.
*The values are given as the mean and standard deviation, otherwise noted separately.
®The values are given as the number and proportion of patients.

Table 5. Subgroup Analysis of MOCART Score for Cartilage Lesion Sized = 2.5 cm?.

Group | Group 2

MOCART Variables® (n=33) (n = 22) P value

Volume fill of cartilage defect® 13.1 £7.0 17.3 = 3.4 0.031
(20) Complete filling or minor hypertrophy 13 (39.4%) 12 (54.5%) 0.047
(15) Major hypertrophy of 75%~99% filling 5(15.2%) 8 (36.4%)

(10) 50%~74% filling 7 (21.2%) 2 (9.1%)
(5) 25%~49% filling 5 (15.2%) 0 (0.0%)
(0) 50%~74% filling 3(9.1%) 0 (0.0%)

Integration into adjacent cartilage® 9.7 £ 56 12.1 = 5.0 0.034
(15) Complete integration 11 (33.3%) 15 (68.2%) 0.039
(10) Split-like defect = 2 mm 14 (42.4%) 3(13.6%)

(5) Defect > 2 mm but <50% of repair tissue length 2 (6.1%) 2 (9.1%)
(0) Defect =50% of repair tissue length 6 (18.2%) 2 (9.1%)

Surface of the repair tissue® 49 +42 55+ 38 0.591
(10) Surface intact 11 (33.3%) 7 (31.8%) 0.457
(5) Surface irregular <50% of repair tissue diameter 10 (30.3%) 10 (45.5%)

(0) Surface irregular =50% of repair tissue diameter 12 (36.4%) 5(22.7%)

Structure of the repair tissue® 0.6 =24 0.0 = 0.0 0.244
(10) Homogenous 2 (6.1%) 0 (0.0%) 0511
(0) Inhomogenous 31 (93.9%) 22 (100.0%)

(continued)
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Table 5. (continued)
Group | Group 2

MOCART Variables® (n=33) (n=22) P value

Signal intensity of the repair tissue® 9.7 1.7 10.2 = |.1 0.153
(15) Normal 0 (0%) | (4.5%) 0.644
(10) Minor abnormal 32 (97.0%) 21 (95.5%)

(0) Severely abnormal 1 (3.0%) 0 (0%)

Bony defect or bony overgrowth® 7.0 £ 4. 6.8 =40 0.801
(10) No bony defect or bony overgrowth 20 (60.6%) 12 (54.5%) 0.746
(5) Bony defect < thickness of adjacent cartilage OR overgrowth <50% of 6 (18.2%) 6 (27.3%)

adjacent cartilage
(0) Bony defect = cartilage thickness OR overgrowth =50% of adjacent 7 (21.2%) 4 (18.2%)
cartilage

Subchondral changes® 13.0 = 4.7 14.1 = 45 0.220
(20) No major change 7 (21.2%) 4 (18.2%) 0.080
(15) Minor edema-like marrow signal 8 (24.2%) 12 (54.5%)

(10) Severe edema-like marrow signal 17 (51.5%) 5(22.7%)
(0) Subchondral cyst =5 mm or osteonecrosis-like signal 1 (3.0%) | (4.5%)

Total® 57.9 = 159 65.9 + 12.2 0.039

MOCART = Magnetic Resonance Observation of Cartilage Repair Tissue.

*The values are given as the number and proportion of patients, otherwise noted separately.

®The values are given as the mean and standard deviation.

Table 6. Subgroup Analyses of Subjective and Objective Outcomes for Cartilage Lesion Sized < 2.5 cm?.

Group | Group 2

Subjective and Objective Variables® (n = 33) (n = 22) P value

Kellgren-Lawrence grade®
Preoperative
0/1/2 3/28/2 5/14/3 0.247
| year postoperative
0/1/2/3 1/25/7 2/16/4 0.775
2 year postoperative
0/1/2/3 1/14/16/2 2/12/8/0 0.436

IKDC subjective
Preop 373+ 138 41.7 = 6.1 0.282
| year postoperative 513 = 14.6 588 = 11.6 0.052
2 year postoperative 53.1 £ 142 63.2 = 14.2 0.013
MCID achievement® 13 (39.4%) 16 (72.7%) 0.027

Lysholm
Preop 46.6 = 21.2 56.5 = 20.8 0.092
| year postoperative 655 + 233 73.0 = 18.8 0.228
2 year postoperative 66.7 = 21.3 76.5 = 18.8 0.084
MCID achievement® 19 (57.6%) 15 (68.2%) 0.573

VAS
Preop 51.9 =246 42.1 £279 0.177
| year postoperative 21.3 £20.6 16.0 = 12.7 0.300
2 year postoperative 26.5 *21.2 21.8 279 0.484
MCID achievement® 18 (54.5%) 10 (45.5%) 0.587

IKDC = International Knee Documentation Committee; VAS = Visual Analogue Scale; MCID = minimal clinically important difference.

*The values are given as the mean and standard deviation, otherwise noted separately.
®The values are given as number of patients.
“The values are given as the number and proportion of patients.
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Discussion

The principal finding of our study was that microdrilling
has advantages over microfractures in terms of the radio-
logic evidence of regeneration, as indicated by the superior
MOCART score. Among these variables, volume filling
and integration into the adjacent cartilage showed higher
scores in the microdrilling group. Regarding clinical out-
comes, a higher proportion of patients in the microdrilling
group achieved improvements beyond the MCID in the
IKDC subjective score.

The superiority of microdrilling in volume filling and
integration into the adjacent tissue, which were the vari-
ables that showed significant differences, could stem from
the advantages reported in previous animal studies.!”-3438
Previous studies have reported that deep drilling (6 mm)
resulted in a superior outcome compared to shallow drill-
ing (2 mm) or microfracture in a rabbit model.>>*¢ In addi-
tion, microdrilling resulted in less osteocyte necrosis than
microfracture in rabbits, which was performed with con-
tinuous saline irrigation, while an animal study conducted
on sheep reported that microfractures resulted in trabecular
bone impaction and regularity of the channel surface, lead-
ing to channel sealing.!”3” Another animal study compar-
ing the effect of the drilling diameter on the subchondral
bone reported that a smaller diameter resulted in a superior
histological component of repaired cartilage and better
reconstitution of the subchondral bone.*® Specifically,
drilling with a smaller diameter resulted in higher immuno-
reactivity for type 2 collagen and lower immunoreactivity
for type 1 collagen. Furthermore, considering that more
channels can penetrate per unit area in microdrilling
because of the smaller diameter of each channel, it seems
reasonable that microdrilling, which enables a greater
number of well-communicating channels, results in supe-
rior outcomes in terms of volume filling and integration
with adjacent cartilage.

When it comes to the previous concerns on the thermal
damage of microdrilling,3*-° it is noteworthy that structural
evaluation of the subchondral bone using the mean value of
MOCART score variables showed no significant difference
between the 2 procedures. Bone overgrowth or defects,
another variable reported to be inferior to other cartilage
regeneration procedures, also showed no significant differ-
ences between the 2 groups.”® Rather, the proportion of
severe edema-like signals in the subchondral bone was sig-
nificantly higher in the microfracture group, although it was
not significant for the cartilage defect size =2.5 cm?. This
could be explained by the results of a previous animal study
conducted with continuous cooled saline irrigation, which
counteracted possible thermal damage to the surrounding
tissue.!” Although the temperature of the saline used in the
clinical field at our institute is not as cold as the cooled
saline used in the animal study, continuous saline inflow

itself could be inferred to be sufficient to counteract poten-
tial thermal damage. Thus, microdrilling should not be
avoided because of the unsubstantiated concern of thermal
damage. Further basic scientific studies analyzing the inde-
pendent role of saline irrigation could yield a well-founded
explanation of our results and provide guidance for other
procedures, such as enhanced MSP or stem cell implanta-
tion for cartilage regeneration, which are commonly per-
formed as open procedures.

Most previous studies comparing microfracturing and
microdrilling were performed in animals, and there is a pau-
city of clinical studies. Beletsky et al.?° reported that micro-
drilling resulted in a significantly higher IKDC subjective
score at 1 year postoperatively and a lower risk of revision
surgery. Although no significant difference in the mean
functional outcome scores except IKDC subjective score at
2 years postoperatively was found in our study, our study is
in line with a previous study regarding the superiority of the
microdrilling group for the proportion of patients achieving
improvement beyond the MCID and the mean value at 2
years postoperatively for IKDC subjective score and could
be a clinically relevant result.

This study had some limitations. First, there is a possible
risk of bias owing to the retrospective nature of our study.
Due to the retrospective nature, potential selection bias
could not be excluded, and further prospective studies could
yield better results between the 2 methods. Second, owing
to the different periods of each surgical procedure, differ-
ences in surgical experience could result in performance
bias. However, all surgical procedures were reviewed, and
basic principles, such as the formation of a rigid shoulder
and curettage of the calcified layer, as well as the concomi-
tant procedure and function of the meniscus were con-
firmed, which could reduce the possibility of bias. Third,
meniscal healing in patients who underwent concomitant
meniscal repair was only analyzed by MRI and not by sec-
ond-look arthroscopy. Because meniscal function affects
cartilage regeneration, the limitation of MRI in assessing
meniscal healing could be a confounding variable. Fourth,
this study included patients who underwent concomitant
meniscal procedures. Although patients with nonfunctional
menisci were excluded and the healing status of meniscus
repair was also analyzed, the possible discrepancy in the
function between the intact and healed menisci could not be
excluded. However, we analyzed the proportion of meniscal
procedures performed in each group and found no signifi-
cant differences. Further studies comparing patients with-
out concomitant meniscal procedures may provide a more
precise understanding of the effects of MSPs.

Conclusions

Microdrilling showed better outcomes in terms of the
MOCART and IKDC subjective scores than microfracture,
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whereas Lysholm and VAS showed no significant differ-
ences. Further prospective studies are required to evaluate
the results of these 2 procedures.
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