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Background: Microfracture (MFx) is one of the most common techniques used for the treatment of articular cartilage defects,
although recently there has been a trend toward the use of drilling rather than MFx for the treatment of these defects.

Purpose: To perform a systematic review of basic science studies to determine the effect of microfracture versus drilling for
articular cartilage repair.

Study Design: Systematic review.

Methods: A systematic review was performed by searching PubMed, the Cochrane Library, and EMBASE to identify basic science
studies comparing outcomes of MFx versus drilling. The search phrase used was microfracture AND (drilling OR microdrilling).
Inclusion criteria were basic science studies that directly compared the effect of MFx versus drilling on subchondral bone, bone
marrow stimulation, and cartilage regeneration.

Results: A total of 7 studies met the inclusion criteria and were included in this systematic review. Of these, 4 studies were
performed in rabbits, 1 study in sheep, and 2 studies in humans. All of the included studies investigated cartilage repair in the knee.
In the animal studies, microfracture produced fractured and compacted bone and led to increased osteocyte necrosis compared
with drilling. Deep drilling (6 mm) was superior to both shallow drilling (2 mm) and MFx in terms of increased subchondral
hematoma with greater access to marrow stroma, improved cartilage repair, and increased mineralized bone. However, the overall
quality of cartilage repair tissue was poor regardless of marrow stimulation technique. In 2 studies that investigated repair tissue
after MFx and/or drilling in human patients with osteoarthritis and cartilage defects, the investigators found that cartilage repair
tissue did not achieve the quality of normal hyaline articular cartilage.

Conclusion: In the limited basic science studies that are available, deep drilling of cartilage defects in the knee resulted in
improved biological features compared with MFx, including less damage to the subchondral bone and greater access to marrow
stroma. Regardless of marrow stimulation technique, the overall quality of cartilage regeneration was poor and did not achieve the
characteristics of native hyaline cartilage. Overall, there is a general lack of basic science literature comparing microfracture versus
drilling for focal chondral defects.
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Numerous surgical techniques exist for the treatment of
isolated articular cartilage defects, including debridement,
microfracture (MFx), drilling, osteochondral autograft and
allograft transplantation, autologous chondrocyte implan-
tation, and autologous matrix-induced chondrogen-
esis.22,23,31,32,34 Although subchondral drilling was
popular in the 1980s, concerns about osteocyte thermal
necrosis led to the development of MFx, in which an awl

rather than a motorized drill is used to create subchondral
perforations, leading to the release of mesenchymal stem
cells and growth factors.14 MFx is often considered a first-
line treatment option for these defects, given the ease and
low cost of the procedure as well as the good short-term
outcomes demonstrated with this technique.1,24,27,31,40 For
this reason, new techniques for articular cartilage repair
are often compared with the results of MFx.3,13,36 However,
recent evidence has suggested that the outcomes of knee
MFx may worsen after 5 years postoperatively, particularly
for larger lesions and chondral defects in ath-
letes.15,16,33,37,39 Specific concerns regarding the durability

The Orthopaedic Journal of Sports Medicine, 8(8), 2325967120945313
DOI: 10.1177/2325967120945313
ª The Author(s) 2020

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.

https://doi.org/10.1177/2325967120945313
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


of the MFx technique include the effect of microfractures in
the subchondral bone, possibly making the bone brittle2

and leading to subchondral cyst formation and subchondral
plate disruption.20 Furthermore, MFx leads to the growth
of fibrocartilage, which differs in biomechanical properties
from the native hyaline cartilage.26 Based on this evidence,
some sports medicine surgeons have recently abandoned
the traditional MFx technique in exchange for a return to
drilling due to a belief that drilling is less detrimental to the
subchondral bone and may result in deeper penetration and
stimulation of bone marrow cells with higher regenerative
potential. The purpose of this study was to perform a sys-
tematic review of basic science studies to determine the
effect of MFx versus drilling on articular cartilage repair.

METHODS

This systematic review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines using a PRISMA
checklist. Two independent reviewers (M.J.K., G.M.A.)
searched PubMed, EMBASE, and the Cochrane Library
up to May 5, 2019. The electronic search strategy used was
microfracture AND (drilling OR microdrilling). A total of
248 studies were reviewed by title and/or abstract to deter-
mine study eligibility based on inclusion criteria. In cases of
disagreement, a third reviewer (M.K.M.) made the final
decision. The inclusion criteria were full-text basic science
studies that directly compared the effect of MFx versus
drilling on the subchondral bone, bone marrow stimulation,
and cartilage regeneration. Exclusion criteria included (1)
studies without direct comparison between the 2 techniques,
(2) studies that reported exclusively clinical outcomes, (3)
studies that used biologic agents (eg, platelet-rich plasma
or bone marrow aspirate) without reporting the effects of
MFx or drilling alone, and (4) studies that either did not
clearly define the bone marrow stimulation technique or did
not distinguish results between MFx and drilling. Human
and animal studies were included. Inclusion criteria were
not restricted to 1 particular joint. In total, 7 studies
were determined to meet inclusion and exclusion criteria
(Figure 1). Data extraction from each study was performed
independently and then reviewed by a second author
(M.J.K.). There was no need for funding or a third party to
obtain any of the collected data.

Reporting Outcomes

Outcomes assessed included cartilage histological features
(O’Driscoll score,28 International Cartilage Repair Society
[ICRS] score,4,25 Sellers score35), stereology, and micro-
computed tomography (micro-CT) for analysis of the sub-
chondral bone. The ICRS histological score includes
6 categories, each scored from 0 to 3; higher total scores
indicate complete cartilage regeneration. The Sellers score
ranges from 0 to 31; a score of 0 correlates with normal
articular cartilage and complete regeneration, and a score
of 31 correlates with an empty defect with no repair tissue.

RESULTS

Overall, 7 studies met the inclusion criteria and were
therefore included in this systematic review (Figure 1).
Of these, 4 studies6-9 were performed in rabbits, 1 study41

in sheep, and 2 studies21,29 in humans. Of note, the
2 human studies21,29 focused on patients who experienced
failed marrow stimulation procedures and subsequently
underwent total knee arthroplasty (TKA). All included
studies investigated cartilage repair in the knee joint
(Table 1).

Scientific Methods

MFx was performed with an awl to a depth of 2 mm with a
1-mm base in 4 studies,6-9 and drilling was performed at 2
different depths (deep at 6 mm, shallow at 2 mm) with a
0.9-mm base.6-9 Defects were 4 � 4 mm2 in the 4 rabbit
studies,6-9 0.50 cm2 in the sheep study,41 2.6 to 4 cm2 in 1
human study,21 and 6 to 8 cm2 in 1 human study.29 In the
sheep study, an 8 mm–diameter full-thickness chondral
lesion was created by use of an arthroscopic bur; each car-
tilage lesion was treated with 3 or 5 channels separated by
3 mm.41 MFx was performed with a curved Steadman awl
with perforation depth user-controlled with visual feed-
back from the awl tip, whereas drilling (“nanofracture”)
was performed with a cannulated awl and a 1 mm–thick
Nitinol needle to a depth of 9 mm.41 One human study21

did not detail the MFx/drilling technique. In the other
human study,29 MFx was performed with a 1.5 mm–
diameter awl to a depth of 5 mm, at distances of 3 to
4 mm, and drilling was performed with a 1.2-mm Kirsch-
ner wire to the same depth and distance. Rabbits were
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sacrificed 1 day postoperatively in 1 study,9 3 months post-
operatively in 2 studies,7,8 and 14 and 21 days postopera-
tively in 1 study.6 Sheep were sacrificed 6 months after
surgery.41 Human knees were analyzed on average 8.8
months after marrow stimulation in 1 study21 and 20.5
months in the other.29

Effect on the Subchondral Bone

In 4 studies,6-9 deep drilling (6 mm) was superior to both
shallow drilling (2 mm) and MFx, eliciting significantly
more mineralized bone and thereby increased percentage
fill of the defects. This was due to an increased volume of
repaired and remodeling subchondral bone in the defects
created during deep drilling. Deep drilling cleanly removed
bone, thereby allowing for free access channels to the mar-
row space, whereas MFx produced fractured and com-
pacted bone around the MFx holes, potentially impeding
repair, and led to increased osteocyte necrosis.9 However,
both MFx and drilling showed repaired bone with atypical
morphologic features compared with the native structure of
subchondral bone, which was less organized and more
isotropic, distinct from the surrounding bone.7 Deep (rather
than shallow) drilling was shown to produce increased per-
centage of tissue repair volume within the projected defect,
increased Safranin O, increased collagen type II, and

decreased collagen type I; when analyzed together via
quantitative histomorphometry, these showed significant
(P ¼ .021) improvement in tissue repair versus shallow
drilling.8 Shallow drilling, however, did not show any
statistically significant improvements over MFx.8 In
another study, Chen et al6 found that 95% of drill holes,
regardless of depth, compared with only half of MFx
holes contained chondrogenic foci at 21 days postopera-
tively. Deep drilling showed a significantly higher per-
centage of bone fill compared with both shallow drilling
and MFx.6 Kaul et al21 reported mostly incomplete res-
toration of subchondral bone.

Zedde et al41 demonstrated that specimens undergoing
MFx showed a limited perforation depth of the awl, with
large-diameter channels at the joint surface displaying a
high degree of regularity and trabecular bone compaction,
leading to a sealing effect and the development of newly
formed trabeculae inside the channels. In that study, dril-
ling showed greater depth of the perforations with smaller
diameter, more natural irregularities of the walls, absence
of trabecular compaction, and improved communication
between the canals and the perforation, resulting in a tra-
becular structure similar to native subchondral bone. Dril-
ling samples did not show any subchondral cyst formation,
whereas 3 of 4 MFx samples showed subchondral cysts
ranging from 7 to 12 mm in diameter.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram.
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Bone Marrow Stimulation

Deep drilling (6 mm) was superior to both shallow drilling
(2 mm) and MFx in terms of increased subchondral hema-
toma with greater access to marrow stroma.9 In 1 study,
stromal cell density recruitment was similar in defects

regardless of location (trochlea vs medial femoral condyle
[MFC]) or bone marrow stimulation technique.6 Trochlear
defects, however, showed a significantly higher volume
fraction of chondrocytes with increased number of mature
foci compared with MFC defects. Based on micro-CT at
day 14, MFC defects demonstrated faster woven bone

TABLE 1
Study Characteristicsa

Lead Author
(Year) Participants (n) Outcomes Summary

Chen9 (2009) Rabbits (4) Micro-CT MFx in the trochlear groove produced fractured and compacted bone, potentially
impeding repair, and led to increased osteocyte death.

Drilling cleanly removed bone from the holes.
Deep drilling (6 mm) led to increased subchondral hematoma, allowing for greater

access to marrow stroma.
Chen7 (2011) Rabbits (24) Scoring system for a

qualitative
assessment of
subchondral bone
repairs, 3D micro-CT

Both MFx and drilling in the trochlear groove showed repaired bone with atypical
morphologic features, suggesting inability to reconstitute native structure of
subchondral bone.

Deep drilling (6 mm) induced increased regions of repair and remodeling bone that
positively correlated with improved cartilage repair.

Chen8 (2011) Rabbits (16) O’Driscoll histological
scoring, quantitative
histomorphometry

Deep drilling (6 mm) in the trochlear groove showed significant improvement in
repair, whereas both shallow drilling (2 mm) and MFx produced a similar
quantity and quality of cartilage repair.

Chen6 (2013) Rabbits (48) Histology, stereology,
histomorphometry,
micro-CT

The authors compared early repair response of cartilage defects in the trochlea and
MFC after MFx or drilling in mature rabbit knee joints.

Stromal cell density recruitment was similar in defects regardless of location or
bone marrow stimulation technique.

Trochlear defects showed significantly higher volume fraction of chondrocytes
compared with MFC (increased chondrocytes and larger chondrogenic foci).

Deep drilling (6 mm) elicited significantly more mineralized bone compared with
shallow drilling and MFx.

Kaul21 (2012) Humans (5) ICRS score, Sellers
score

The authors examined repair tissue and adjacent articular cartilage after failed
MFx or Pridie drilling in patients with early knee OA in MFC.

Macroscopic cartilage repair assessment showed ICRS grades II and III, with
cartilage defects filled with fibrocartilaginous tissue.

Cartilage-specific stains of repair tissue were reduced compared with normal
articular cartilage, subchondral bone was incompletely restored, and repair
tissue always showed positive immunoreactivity for types II and X collagen.

Compared with surrounding native cartilage, repair tissue showed more intense
cartilage-specific stains and higher proteoglycan content.

Overall, articular cartilage repair did not achieve the quality of normal hyaline
articular cartilage.

Sakata29

(2013)
Humans (4) ICRS score The authors retrospectively investigated cartilage repair after MFx or drilling for

treatment of large cartilage defects in osteoarthritic human knees in MFC.
Marrow stimulation resulted in insufficient cartilage repair on MFCs. Safranin

O–stained proteoglycans and type II collagen were seen in only the deep zones
of marrow-stimulated holes.

Marrow stimulation did not achieve hyaline-like cartilage regeneration in
cartilage repair and histological assessment, suggesting low potential for long-
term clinical improvement.

Zedde41

(2016)
Sheep (4) Micro-CT MFx in the MFC showed limited perforation depth and cone-shaped channels with

a high degree of regularity and trabecular bone compaction leading to a sealing
effect.

Drilling showed channels with greater depth and smaller diameters with more
natural irregularities, absence of trabecular compaction, and improved
communication with trabecular canals.

Overall, drilling allowed deeper perforation into subchondral bone with less
fragmentation and compaction, resulting in improved restoration of the normal
subchondral bone architecture.

a3D, 3-dimensional; CT, computed tomography; ICRS, International Cartilage Repair Society; MFC, medial femoral condyle; MFx, micro-
fracture; OA, osteoarthritis.
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formation through intramembranous ossification compared
with trochlear defects, whereas both locations were compa-
rable at day 21.

Cartilage Regeneration

In 2 studies,7,8 deep drilling (6 mm) was superior to both
shallow drilling (2 mm) and MFx in terms of significantly
improved cartilage repair. Overall, articular cartilage
repair did not achieve the quality of normal hyaline carti-
lage, regardless of marrow stimulation technique.21,29 Kaul
et al,21 in a study of 5 patients undergoing TKA at a mean
8.8 months after failed marrow stimulation procedures,
reported that cartilage-specific stains of the repair tissue
were reduced compared with normal articular cartilage,
suggesting poor cartilage quality compared with normal,
and the repair tissue always showed positive immunoreac-
tivity for type II collagen (most common type of collagen in
hyaline cartilage17) and type X collagen (mainly expressed
in hypertrophic chondrocytes18) while only sometimes
showing positive immunoreactivity for type I collagen
(most abundant collagen, expressed in almost all connec-
tive tissues19).

Moreover, Kaul et al21 showed that marrow stimulation
resulted in repair tissue with histological and biochemical
properties of fibrocartilage. Macroscopic cartilage repair
assessment showed ICRS grades II (nearly normal) and III
(abnormal), with cartilage defects mostly filled with fibro-
cartilaginous tissue. Light and polarized light microscopy
analysis always showed fibrocartilaginous repair, with
weaker birefringence. Microscopic analysis showed carti-
lage defects completely filled with cell-rich reparative fibro-
cartilaginous tissue. ICRS analysis showed irregular
surface, fibrocartilaginous matrix, cell clusters, and abnor-
mal mineralization in the majority of repairs (�3).

Compared with adjacent articular cartilage, the repair
tissue was more cellular and showed more intense
cartilage-specific stains and higher proteoglycan content.
The mean Sellers score of the repair tissue was 17.6, and
ICRS histological grades ranged from 7 to 9.21,25 In another
human study focusing on 4 patients undergoing TKA after
failed marrow stimulation of large cartilage defects, Sakata
et al29 demonstrated that marrow stimulation resulted in
insufficient cartilage repair, and Safranin O–stained pro-
teoglycans and type II collagen were seen mainly in the
deep zones of marrow-stimulated holes for both MFx and
drilling. Marrow stimulation did not achieve hyaline-like
cartilage regeneration and histological assessment via
ICRS scoring, and the grade of cartilage repair was not
improved compared with the preoperative assessment. In
a study by Chen et al,8 Safranin O–stained proteoglycan
repair tissue was similarly detected in mostly the deep-
mid region of repair tissue at 3 months postoperatively. All
treatment groups showed more widespread immunoreac-
tive collagen type II in the repair matrix compared with
Safranin O stain. All treatment groups demonstrated
repair tissue with poor bonding to adjacent cartilage
(O’Driscoll bonding scores <1).

DISCUSSION

Based on the findings of this systematic review, drilling of
articular cartilage defects in the knee joint results in sev-
eral improved biological features compared with MFx. In
particular, drilling was found to cause less damage to the
subchondral bone, result in greater access to marrow
stroma, and lead to a higher volume of cartilage repair
tissue. Furthermore, multiple studies demonstrated
improved outcomes of deep drilling (6-mm depth) of chon-
dral defects compared with shallow drilling (2-mm depth).
However, regardless of marrow stimulation technique, the
overall quality of cartilage regeneration was poor and did
not achieve the characteristics of the native hyaline carti-
lage of the articular surfaces.

Due to its limited vascular supply, articular cartilage has
limited to no ability to spontaneously repair after injury,5

with full-thickness lesions leading to pain and joint swell-
ing if left untreated.11 Focal chondral defects (FCDs) are
common, with a reported incidence of 48% in the medial
compartment of the knee and 25% in the lateral compart-
ment among patients undergoing knee arthroscopy.12 MFx
was first described by Steadman et al38 as an alternative
technique to treat full-thickness cartilage defects in the
knee joint by using an awl to make multiple perforations
in the subchondral bone plate, thereby releasing bone mar-
row elements in an effort to enhance tissue regeneration.
One benefit suggested during this development was a lower
degree of thermal necrosis with the use of a bone awl rather
than a motorized drill.14

Given the ease and low cost of the procedure, MFx is
often considered a first-line treatment for FCDs.1,24,27,31,40

However, this procedure was first described as one that
preserves the integrity of the subchondral bone plate,38 and
since that time, MFx has been shown to result in subchon-
dral bone abnormalities including intralesional osteo-
phytes.30 Furthermore, it is known that MFx leads to the
growth of fibrocartilage that differs in biomechanical prop-
erties from the native hyaline cartilage.26 Although MFx
may result in good outcomes in the short term, a systematic
review of level 1 and 2 studies demonstrated that MFx often
leads to treatment failure after 5 years regardless of lesion
size.16 For these reasons, some surgeons have called for the
abandonment of MFx and many others have adopted the
technique of drilling for lesions that traditionally were indi-
cated for MFx.2 Possible advantages of drilling over MFx
include deeper subchondral bone penetration, which may
result in the stimulation of higher quality bone marrow
products, as well as the creation of small drill holes rather
than fracture of the subchondral bone. However, these are
only theoretical advantages and must be further studied in
a clinical setting.

Despite the recent trend toward drilling rather than
MFx, to date, no clinical studies have directly compared
outcomes of MFx versus drilling for FCDs of the knee joint.
One study10 compared these techniques for the treatment
of osteochondral lesions of the talus. In a retrospective
cohort study, Choi and Lee10 compared outcomes of drilling
(n ¼ 40 ankles) versus MFx (n ¼ 50). Groups were matched
for age and sex. At a mean follow-up of 43 months, both
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groups demonstrated significant improvement in the Amer-
ican Orthopaedic Foot and Ankle Society ankle-hindfoot
score, visual analog scale for pain, and ankle activity score,
with no significant differences in follow-up scores between
groups.

Although the results of this systematic review suggest
overall improved biological features of drilling in compari-
son with MFx, these results are limited to basic science
studies. High-quality clinical studies are necessary to
determine the clinical effects of MFx and drilling in FCDs
of various joints in human patients. Ideally, these studies
should randomize patients to treatment with MFx or dril-
ling and should report on a number of outcomes including
revision rate, patient-reported outcomes, and magnetic res-
onance imaging outcomes at different postoperative time
points.

The strengths of this study include a comprehensive sys-
tematic review performed by 2 independent reviewers. The
limitations of this study should also be noted. In particular,
this systematic review was limited to basic science studies
because no clinical studies that we know of have directly
compared outcomes between MFx versus drilling in the
knee joint, and only 1 study has compared outcomes of
these techniques in the ankle joint. Furthermore, only
7 studies were included in this review based on the inclu-
sion and exclusion criteria of our search. These studies
were performed in both human and animal models and
therefore present methodologic heterogeneity. Further,
4 of the 5 animal studies6-9 were published from the same
group. The 2 human studies21,29 involved performing MFx
on chondral defects much larger than those typically indi-
cated for this procedure,16 and both of these studies focused
on patients who experienced failed marrow stimulation and
subsequently underwent TKA. Most importantly, addi-
tional basic science and translational research is needed
to clarify the outcomes of MFx versus drilling, and drawing
clinical conclusions based on currently available studies
should be avoided.

CONCLUSION

Deep drilling of cartilage defects in the knee joint results in
improved biological features compared with MFx, including
less damage to the subchondral bone and greater access to
marrow stroma. Regardless of marrow stimulation tech-
nique, the overall quality of cartilage regeneration was poor
and did not achieve the characteristics of native hyaline
cartilage. Overall, there is a general lack of basic science
literature comparing MFx versus drilling for focal chondral
defects.
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