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Microdrilling Resulted in Less Subchondral Bone
Destruction Than a Traditional Microfracture Awl for
Articular Cartilage Defect Bone Marrow Stimulation
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Purpose: The purpose of this study was to compare bone marrow stimulation using micro-computed tomography
(micro-CT) analysis of an abrasion arthroplasty technique, drilling k-wire technique, traditional microfacture awl, or a
microdrill instrument for subchondral bone defects. Methods: Eleven cadaveric distal femoral specimens were obtained
and divided into 3 common areas of osteochondral defect: trochlea and weightbearing portions of the medial and lateral
femoral condyles. Each area of interest was then denuded of cartilage using a PoweRasp and divided into quadrants. Each
quadrant was assigned either a 1.6 mm Kirschner wire (k-wire), 1.25 mm microfracture awl, 1.5 mm fluted microdrill,
PowerPick, or a curette (abrasion arthroplasty) to create 4 channels into the subchondral bone sing the same instrument.
Subchondral bone and adjacent tissue areas were then evaluated using micro-CT to analyze adjacent bone destruction and
extension into the bone marrow. Results: Overall, there was a significantly decreased area of bone destruction or
compression using the microdrill (0.030 mm) as compared to the microfracture awl (0.072 mm) and k-wire (0.062 mm)
(P < .05). Within the trochlea and the medial femoral condyle, there was significantly decreased bony compression with
the microdrill as compared to the awl and k-wire (P < .05); however, when stratified, this was not significant among the
lateral femoral condylar samples (P ¼ .08). Conclusion: Bone marrow stimulation causes bony compression that may
negatively impact subchondral bone and trabecular alignment. It is important to understand which tools used for bone
marrow stimulation cause the least amount of damage to the subchondral bone. Clinical Relevance: This study dem-
onstrates the decreased subchondral bony defects seen with the microdrill versus the traditional microfracture awl
indicating that when performing bone marrow stimulation, the microdrill may be a less harmful tool to the subchondral
bone.
number of varying techniques and devices are
Aused in the treatment of small, focal areas of
articular cartilage defects; however, the bone marrow
stimulation technique as described by Steadman et al.1

remains a commonly performed treatment for these
defects. As previously described, the bone marrow
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stimulation technique directly stimulates mesenchymal
stem cells in the subchondral bone, leading these cells
to differentiate into chondrocytes.2-5 A number of other
techniques have been described for treatment of focal
articular defects including debridement, drilling,
osteochondral allograft or autograft transplantation,
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Fig 1. Demonstration of the quadrants created and bone
marrow stimulation channels seen on gross femoral condylar
specimens. The top left quadrant is the abrasion arthroplasty
quadrant, top right quadrant relates to the microdrill, bottom
left quadrant channels were made with a k-wire, and bottom
right quadrant channels were made with the microfacture
awl. These channels were then evaluated on micro-computed
tomography.
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and autologous matrix-induced chondrogenesis; how-
ever, bone marrow stimulation is commonly thought of
as the first-line treatment for these defects when less
than 1 cm2 in size.6-11 Additionally, bone marrow
stimulation is low in cost and minimally invasive and
has low technical demands.12

When performing the bone marrow stimulation pro-
cedure, it is important to note that the structural and
functional architecture of the subchondral bone is of the
utmost importance and can play a vital role in the long-
term outcome of the index bone marrow stimulation
procedure, as well as on any subsequent cartilage pro-
cedure that may follow.13,14 Although previous literature
has shown good short-term outcomes in appropriately
selected patients, recent literature has suggested that the
outcomes of bone marrow stimulation may worsen after
5 years, primarily because of the poor quality of the
fibrocartilage replacement tissue that is formed.7,15

The size of the instrument, depth of penetration into
the subchondral bone, and resulting trabecular compac-
tion around the channel have been implicated in this
fibrocartilage tissue, because it may affect the ability of
the technique to cause regeneration versus degenera-
tion.13,16 The instruments impact the subchondral bone
differently by nature. The microfracture awl was most
likely to cause the most subchondral compression given
its mechanism. With the k-wire acting as an unfluted
drill and the microdrill acting as a fluted drill, these in-
struments would likely cause less subchondral bone
destruction and compression than the awl.
The purpose of this study was to compare bone

marrow stimulation using micro-computed tomogra-
phy (micro-CT) analysis of an abrasion arthroplasty
technique, drilling k-wire technique, traditional
microfacture awl, or a microdrill instrument for
subchondral bone defects. Our hypothesis was that
larger-diameter instruments used for bone marrow
stimulation would cause more subchondral bone
destruction and compaction adjacent to the defect. We
also hypothesized that the fluted microdrill would cause
the least amount of subchondral bone destruction and
compression, given the fluted nature of the instrument.

Methods
Institutional IRB in the form of research not involving

human subjects was obtained, PRO00033747. Cadav-
eric distal femoral specimens were obtained from donor
samples, including 4 trochlea, 4 lateral femoral condyle,
and 3 medial femoral condylar samples, resulting in a
total of 11 samples of each bone marrow stimulation
tool. The specimens were dissected and thawed at room
temperature before use. Inclusion criteria for cadaver
specimens were <65 years old, no underlying docu-
mented bone or cartilage pathology, and no observable
macroscopic cartilage degeneration. Exclusion criteria
were cadaver specimens >65 years old, underlying
documented bone or cartilage pathology, and observ-
able macroscopic cartilage degeneration. No specimens
were excluded. The articular surface of all specimens
was inspected by 2 observers for fibrillation, fissuring,
or cartilage loss

Bone Marrow Stimulation Technique
Each area of interest was then denuded of cartilage

using a 4.5 mm or 5.5 mm PoweRasp (Arthrex, Naples,
FL) and divided into quadrants (Figs 1 & 2). Each
quadrant was assigned either a 1.6 mm Kirschner wire
(k-wire), 1.25 mm microfracture awl, 1.5 mm PowerPic
(Arthrex), or a curette (abrasion arthroplasty) to create 4
channels into the subchondral bone using the same in-
strument. The microdrill had a set drill depth of 4 mm.

Micro-CT Analysis
The 3-dimensional structure of the femoral condyle

was analyzed with a micro-CT scanner (Nikon XTH 225



Fig 2. Quadrants as seen on the micro-computed tomography
(micro-CT) analysis software. This is a depiction of all 4
quadrants, similar to those seen in Figure 1. Given how the
images were collected on the micro-CT software, the top right
quadrant is the abrasion arthroplasty quadrant, top left
quadrant is the microdrill, bottom right is the k-wire, and
bottom left is the microfracture awl.
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ST; Nikon, Melville, NY). A nail was placed on the
lateral surface to orientate the sample, and the condyles
were secured in a plastic container in the scanner. The
power of the X-rays was set to 200 kV, and the current
was set to 167 uA. Two frames were captured at an
exposure time of 354 ms for each of the 2000 pro-
jections. The entire sample was scanned, resulting in an
effective pixel size of 80 mm. The TIFF stack was
reconstructed and analyzed using AvizoLite (FEI Com-
pany, Thermo Fisher Scientific, Hillsboro, OR).
Orthogonal slices were created on the XY, YZ, and XY
plane. The subchondral bone and adjacent tissue areas
were evaluated for adjacent bone destruction and
extension into the bone marrow (Fig 3). The sub-
chondral bone density was measured directly.

Statistical Analysis
All statistical analysis was performed using GraphPad

Prism 8.3 (GraphPad, La Jolla, CA). A power analysis
was conducted based on a prior investigation.16 For all
continuous and categorical variables, descriptive statis-
tics were calculated. Continuous variables were re-
ported as weighted mean and estimated standard
deviation, whereas categorical variables were reported
as frequencies with percentages. Categorical variables
were analyzed using Fisher’s exact or c2 test. The in-
dependent or paired t-test for normally distributed
variables, or the nonparametric Mann-Whitney U test
or Wilcoxon signed-rank test was performed to
compare continuous variables. A value of P < .05 was
considered to be statistically significant.

Results
All 11 cadaveric specimens were included for analysis.

Overall, there was a significantly decreased area of bone
destruction using the microdrill (0.030 mm) as
compared to the microfracture awl (0.072 mm) and k-
wire (0.062 mm) (P < .05). Within the trochlea and the
medial femoral condyle, there was significantly
decreased bony compression with the microdrill as
compared to the awl and k-wire (P < .05 for both),
however, when stratified, this was not significant
amongst the lateral femoral condylar samples (P ¼ .08)
(Table 1). Furthermore, there was no significant dif-
ference between awl and k-wire in bony compression
overall or in any anatomic area (P > .05). Initially
abrasion arthroplasty was included, but it was excluded
from the analysis because nothing could be picked up
on micro-CT because it does not create channels.

Discussion
The most important finding from the current study

was that with the microdrill cadaveric femoral condyles
demonstrated decreased subchondral bony defects seen
versus the traditional microfracture awl, indicating that
when performing bone marrow stimulation, the
microdrill may be a less harmful tool to the subchondral
bone. Bone marrow stimulation causes bony compres-
sion that may negatively impact subchondral bone and
trabecular alignment. The microdrill had a significantly
decreased compressive impact on the subchondral bone
as compared to traditional microfracture awl or k-wire
drilling techniques. This difference was noted along all
areas of articulation between the trochlea, medial
femoral, and lateral femoral condyles. There was no
difference in the performance of the tools between the
3 articular segments. This has potential clinical impli-
cations going forward and may improve survivorship of
bone marrow stimulation because subchondral bone



Fig 3. This is a side-by-side image depicting the micro-computed tomography analysis performed via a coronal cut through the
femoral condyle on the left and the reference image on the right. The orange line in the image on the right is the reference line
demonstrating the coronal cut that is shown on the left. The subchondral bone and adjacent tissue areas were evaluated for
adjacent bone destruction and extension into the bone marrow. The subchondral bone density and compression were measured
directly using calibrated measurement tool on the analysis software. The pink measurement on the photo to the left corresponds
to a calibrated length of compressed bone that is reported in the results.
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damage has been shown to result in fibrocartilage
degeneration; however, further clinical studies are
required to assess the impact of this.
Seow et al.13 found in their systematic review of

preclinical models that there are alterations in the
subchondral bone after bone marrow stimulation.
Furthermore, they advocated for refinements of bone
marrow stimulation techniques that should incorporate
consideration of subchondral bone damage and resto-
ration. They also believe that further investigations
were required to optimize bone marrow stimulation
techniques incorporating both minimally invasive ap-
proaches and biologically augmented platforms. Zedde
et al.17 reported that nanofracture in an ovine in vivo
model was superior to microfracture in that the nano-
fractured samples had significantly less trabecular
fragmentation and compaction. In their study, nano-
fracture was conducted using cannulated awl and a 1
mmethick Nitinol needle with a 9 mm perforation
depth set by the awl, whereas bone marrow stimulation
was conducted using a curved Steadman awl. Gianakos
et al.16 performed a study similar to our own in which
they used a small microfracture awl (1.00 mm), large
Table 1. Depth of Compressed Bone Measured in mm/1000
Compared Between Groups Using One-Way Analysis of
Variance

Trochlea LFC MFC

Awl 0.085733 0.061348 0.06719333
K-Wire 0.068715 0.052195 0.06518667
Microdrill 0.036005 0.026845 0.02513667
P value .025 .087 .0004

LFC, lateral femoral condyle; MFC, medial femoral condyle.
Bolded values demonstrate statistically significance.
k-wire (1.25 mm), and large microfracture awl
(2.0 mm) on cadaveric talar articular dome surfaces.
Using micro-CT analysis, the authors analyzed the
microfracture channels for sclerosis and marrow access
and found that bone marrow stimulation techniques
using instruments with larger diameters led to
increased trabecular compaction and sclerosis adjacent
to the area of bone marrow stimulation; however, their
study was limited to talar cartilage, which has different
intrinsic properties than knee articular cartilage.16,18,19

Their results were similar to those described in our
study; however, our study was able to include newer
technology in the form of the microdrill, which had
significantly decreased compression adjacent to
the defect than the larger-diameter bone marrow
stimulation instruments.16

The status of the subchondral bone architecture has
been shown to play a significant role in the long-term
health of the chondral surface, and as more recent ev-
idence has shown, may have an impact on future
cartilage restoration procedures.13,14 Currently there is
a lack in long-term studies that adequately target these
specific questions; however, this study may serve as
another piece of foundational evidence to further
investigate the role that subchondral architecture has
on not only native articular cartilage but also the effi-
cacy and survival of the various restoration techniques
that have been developed. Initially, the current study
performed abrasion arthroplasty, but this was excluded
from the analysis because it does not create bone
marrow channels, and it is unclear how the cells get to
the surface or how it affects the subchondral bone.
Although this may play a role in denervating the sur-
face, it is unclear how this generates a fibrocartilaginous
response or whether it may cause subchondral bone
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damage or even have a negative effect on a future
cartilage repair/replacement procedure.

Limitations
There are several limitations and sources of bias in the

study. This study used 11 specimens, which is a small
number for evaluation; however, it proved to be suffi-
cient for statistical significance with relation to our
primary outcome measure. Because it was a cadaveric
study, it is strictly a time-zero investigation, and it is not
possible to assess remodeling after the initial procedure.
Furthermore, because it is a cadaveric study, it does not
include or predict patient-reported outcomes or survi-
vorship. Unfortunately, we did not analyze the speci-
mens before the experiment and therefore do not have
initial bone density measurements.

Conclusions
Decreased subchondral bony defects were seen with

the microdrill versus the traditional microfracture awl,
indicating that when performing bone marrow stimu-
lation, the microdrill may cause less damage to the
subchondral bone.
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