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Purpose: To examine the quality of arthroscopic cartilage debridement using a curette technique by comparing regional
and morphologic variations within cartilage lesions prepared in human cadaveric knee specimens for the purpose of
cartilage repair procedures. A secondary aim was to compare the histologic properties of cartilage lesions prepared by
surgeons of varying experience. Methods: Standardized cartilage lesions (8 mm  15 mm), located to the medial/lateral
condyle and medial/lateral trochlea were created within 12 human cadaver knees by 40 orthopaedic surgeons. Participants were
instructed to create full-thickness cartilage defects within the marked area, shouldered by uninjured vertical walls of cartilage, and
to remove the calciﬁed cartilage layer, without violating the subchondral plate. Histologic specimens were prepared to examine
the verticality of surrounding cartilage walls at the front and rear aspects of the lesions, and to characterize the properties of the
surrounding cartilage, the cartilage wall proﬁle, the debrided lesion depth, bone sinusoid access, and the bone surface proﬁle.
Comparative analysis of cartilage wall verticality measured as deviation from perpendicular was performed, and Spearman’s rank
correlation analysis was used to examine associations between debrided wall verticality and surgeon experience. Results: Mean
cartilage wall verticality relative to the base of the lesion was superior at the rear aspect of the lesion compared to the front aspect
(12.9 vs 29.2 , P < .001). Variability was identiﬁed in the morphology of the surrounding cartilage (P < .001), cartilage wall
proﬁle (P ¼ .016), debrided lesion depth (P ¼ .028), bone surface proﬁle (P ¼ .040), and bone sinusoid access (P ¼ .009), with
sinusoid access identiﬁed in 42% of cases. There was no signiﬁcant association of cartilage lesion wall verticality and surgeon
years in practice (rs ¼ 0.161, P ¼ .065) or arthroscopic caseload (rs ¼ 0.071, P ¼ .419). Conclusions: Arthroscopic cartilage
lesion preparation using standard curette technique in a human cadaveric knee model results in inferior perpendicularity of the
surrounding cartilage walls at the front aspect of the defect, compared to the rear aspect. This technique has shown signiﬁcant
variability in the depth of debridement, with debridement depths identiﬁed as either too superﬁcial or too deep to the calciﬁed
cartilage layer in more than 60% of cases in this study. Surgeon experience does not appear to impact the morphologic
properties of cartilage lesions prepared arthroscopically using ring curettes. Clinical Relevance: To optimize restoration of
hyaline-like cartilage tissue, careful attention to prepared cartilage lesion morphology is advised when arthroscopically performing cartilage repair, given the tendency for standard curette technique to create inferior verticality of cartilage walls at the
front of the lesion, and the variable depth of debridement achieved.
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A

s cartilage repair techniques and technologies
progress, greater attention is being paid to the
functional biology of the osteochondral unit, and the
need to create an optimal environment to restore
hyaline-like cartilage.1-3 Regeneration of articular
cartilage typically occurs by a process of resorption and
reformation, and appositional outgrowth from the underlying subchondral bone likely plays an important
role in the repair process.4-6
When undertaking a cartilage repair procedure, the
method of cartilage lesion preparation should be highly
scrutinized, to provide the optimal environment for
articular cartilage restoration to proceed. Two important
considerations in cartilage lesion preparation are the
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depth of debridement and the structure of the cartilage
walls that contain the lesion peripherally. The tidemark
and the layer of calciﬁed cartilage are metabolically active
regions that act as an interface between the articular
cartilage and the underlying subchondral bone.7,8
Removal of the calciﬁed cartilage layer within chondral
defects, while maintaining integrity of the subchondral
end-plate, has been shown to result in cartilage repair
tissue of superior quality in an animal model,9 although
there continues to be debate regarding the optimal depth
of cartilage lesion preparation. Furthermore, using animal models, Drobnic et al.10 reported that violation of the
subchondral end-plate was a frequent occurrence during
cartilage lesion debridement, whereas Mika et al.11
reported that this occurred rarely.
Achieving perpendicularity of the surrounding cartilage walls when preparing a cartilage defect is of great
clinical signiﬁcance. In cases of cell-based cartilage repair
techniques in particular, ensuring vertical walls about
the periphery will help minimize any residual partialthickness cartilage tissue at the defect base, and will
also assist with containment of the cell-based graft and
security of ﬁxation within the defect.12-16 The retention
of partial-thickness cartilage tissue at the base of the
lesion should be avoided, as this residual tissue may
impair the process of appositional cartilage restoration
that is thought to originate from the articular surface.5
Arthroscopic methods of cell-based cartilage repair
such as autologous chondrocyte implantation and stem
cell-embedded scaffolds are becoming more frequently
used, and are an attractive treatment option, given the
positive clinical outcomes that may be achieved in a
minimally invasive setting.17-21 There is currently a lack
of detailed analysis regarding the capability of standard
arthroscopic methods to achieve optimal cartilage
lesion preparation before undertaking cartilage repair
procedures in humans. The purpose of this study was to
examine the quality of arthroscopic cartilage debridement using standard ring curette technique by
comparing regional and morphologic variations within
cartilage lesions prepared in human cadaveric knee
specimens for the purpose of cartilage repair procedures. A secondary aim was to compare the histologic
properties of cartilage lesions prepared by surgeons of
varying experience. We hypothesized that the arthroscopically prepared cartilage lesions would show
region-dependent variation in morphology and that
lesions prepared by more experienced surgeons would
be associated with superior cartilage wall verticality
about the prepared defects.

consistent with positioning for standard knee arthroscopy. All specimens were skeletally mature, free of
signiﬁcant chondral injury or degenerative change, and
were obtained from the United Tissue Network. The
arthroscopic setup consisted of the Synergy HD3
Imaging Platform and the Continuous Wave III
Arthroscopy Pump (Arthrex, Naples, FL). Standardized
ovoid areas of cartilage (8 mm  15 mm) were
arthroscopically demarcated superﬁcially within the
medial femoral condyle, lateral femoral condyle, medial
trochlea, and lateral trochlea of fresh human cadaver
knee specimens using arthroscopic cautery by a supervising orthopaedic surgeon experienced in cartilage
lesion debridement and repair.

Methods

Arthroscopic Procedure
Forty orthopaedic surgeons experienced in knee
arthroscopy participated in the study. A survey was
completed by each participant before the trial procedure to assess years of experience and arthroscopic
caseload. Three or four surgeons were randomly
assigned to each specimen, and they completed the
surgical task in pairs, alternating the role of operator
and assistant. Each participant prepared a single cartilage lesion. Participants were instructed to independently create full-thickness cartilage defects within the
marked area, shouldered by uninjured vertical walls of
cartilage, and to remove the calciﬁed cartilage layer,
without violating the subchondral plate. Twelve minutes were given for each cartilage lesion preparation.
Surgeons used standard anterolateral and anteromedial portals for visualization and instrumentation.
Surgeons were allowed to alternate portal use and to
create additional working portals for instrumentation as
they preferred to optimize cartilage lesion preparation
as per the stated goals. Within the apparatus, the
secured knee joint specimen was free to ﬂex and extend
as desired by the operator. The role of the assistant was
to retrieve surgical instruments under the direction of
the operator, and to assist with positioning of the knee
specimen through the range of ﬂexion and extension,
as directed by the operator. To complete the surgical
task, each surgeon had available a cup curette
(Arthrex), a 5.4-mm ring curette one side cutting
(Arthrex), and a 5.4-mm ring curette both sides cutting
(Arthrex). It was expected that ring curettes would be
preferentially used. After lesion preparation, the front
aspect of the defect was marked with electrocautery
10 mm beyond the lesion margin by the surgeon. After
harvesting the osteochondral block, the rear aspect of
the lesion was marked with a chisel at the edge of the
block.

Specimens and Arthroscopy Setup
Twelve fresh frozen human cadaver knee specimens
were thawed and secured to an apparatus in a manner

Histologic Evaluation
Individual osteochondral blocks encompassing each
lesion with a 1-cm margin surrounding this area were
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Table 1. Histological Criteria for the Evaluation of Cartilage Lesion Debridement
Criteria
Lesion angle

Surrounding cartilage

Description
The analysis/angle function was applied to: (a) Outer
anglesddeﬁned between the surrounding cartilage surface and
the lesion wall on both sides of the samples
(b) Inner anglesddeﬁned between the lesion wall and its base
Up to 2 mm of the intact cartilage on each side of the rim of the
debrided lesion was analyzed using a semiquantitative scale

Cartilage wall proﬁle

The cartilage wall on both sides of the lesion was analyzed for any
present disturbances using a semiquantitative scale

Debrided lesion depth

Each histological slide was analyzed by a stereological cycloid grid
incorporated into a microscope lens at 100 magniﬁcation. The
depth level at each intersection with the gridline was determined
and the corresponding percentages were calculated
The openings to the bone sinusoids were counted
Bone surface proﬁle

Bone sinusoids access
Bone surface proﬁle

Measurement Categories
Degrees

Intact
Shallow ﬁssure(s) (<20% depth)
Partial-thickness injury (20% to 80% depth)
Full-thickness injury (>80%)
Straight, ﬂat
Superﬁcial disturbances <1 mm
Concave
Convex
Deep zone
Calciﬁed zone
Subchondral end-plate
Deep bone (sinusoids)
Number of openings.
Straight, ﬂat
Superﬁcial disturbances <1 mm
Crater (central part deeper)
Bump (peripheral part deeper)

Adapted from Drobnic et al.10

harvested using an oscillating saw and chisel. Each
specimen was ﬁxed in 10% buffered formalin for
72 hours, and subsequently decalciﬁed for a 4-week
period. Samples were embedded in parafﬁn and then
cut longitudinally through the debrided area in the
anterior to posterior direction. Two to six serial parallel
tissue sections for each sample were prepared to identify the best quality histologic section for each sample.
Serial sections were stained with hematoxylin and
eosin, scanned with a high-resolution scanner (Epson
Perfection V37), and examined using computer-aided
design and drafting computer software (AutoCAD LT,
2016). Each section showed the longitudinal plane of
the lesion, consisting of the subchondral bone at the
base, and the cartilage walls located at the front and
rear aspects of each prepared lesion. A histological
analysis was performed to evaluate the morphology of
the simulated cartilage defects using criteria adapted
from Drobnic et al.10 (Table 1). All samples were evaluated by a PhD candidate and reviewed by a senior
histopathologist. The verticality of the cartilage walls
about the periphery of each lesion, measured as the
angle deviation from perpendicular, was measured at
the front and rear aspects of the lesion, depending on
the arthroscopic approach to the lesion (Fig 1). The
front aspect of the lesion corresponded to the anterior
aspect of condylar lesions and the inferior/distal aspect
of trochlear lesions, whereas the rear aspect corresponded to the posterior aspect of condylar lesions and
the superior/proximal aspect of trochlear lesions.
Perpendicularity of the cartilage wall to the chondral
surface and to the subchondral surface were both
examined, given that these surfaces may not necessarily

be perfectly parallel. Front-inner (FI) and rear-inner
(RI) measurements were made and corresponded to
the angle between the cartilage wall and the lesion
base. Front-outer (FO) and Rear-outer (RO) measurements were used to examine the angle between the
cartilage wall and the surrounding cartilage. Additional
morphologic parameters of prepared defects that were
examined consisted of the properties of the surrounding cartilage, the cartilage wall proﬁle, the debrided
lesion depth, bone sinusoid access within the
subchondral bone, and the bone surface proﬁle (Fig 2).
Statistical Analysis
Data analysis was performed by a statistician experienced in clinical data science, using SPSS software
(version 20.0; IBM Corp., Armonk, NY). Normality of
continuous variables was examined using the ShapiroWilks test and quantile-quantile plots. Continuous
variables were expressed as mean  standard deviation.
Spearman’s rank correlation coefﬁcient was calculated
to examine the monotonic relation between surgeon
experience and cartilage wall verticality after curette
lesion preparation. The absolute values of angle measurements were used for comparative analysis of
cartilage wall verticality. Analysis of variance was used
to compare mean angle measurements, with post hoc
Tukey correction performed for multiple comparisons
where appropriate. One-sample c-square testing was
used to examine frequency distribution within categories of histologic morphology of cartilage lesions after
curette preparation. A post hoc pairwise analysis of
histologic morphology was performed, and the Benjamini and Hochberg procedure was applied to control
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Fig 1. (A) Diagrammatic
representation of arthroscopic cartilage lesion preparation on the medial
femoral condyle and (B) an
arthroscopic image of lesion
preparation on a medial
femoral condyle. Front (F)
and rear (R) aspects of the
cartilage lesion depicted.

the false discovery rate for multiple comparisons.22 A
priori power analysis was performed to determine the
sample sizes required for comparison of mean angle
differences and for correlation analysis of surgeon
experience and prepared lesion angles, using an a value
of 0.05 and b of 0.2. To identify a 10 difference in
mean angles, with an expected standard deviation of
10 , 17 measurements were required for each grouping
of mean angle measurements. To examine correlation
of surgeon experience and angle measurements using
Spearman’s rho, a total of 82 measurements were
necessary, using a medium effect size (r ¼ 0.3). All
analysis was 2-tailed.

Results

verticality, as measured perpendicular to the lesion
base, was superior at the RI location compared with the
FI (P < .001) location. Mean cartilage wall verticality, as
measured between the vertical wall and surrounding
cartilage, was superior at the RO location compared
with the FO location (P ¼ .009).
Histologic analysis of lesion morphology showed that
in the majority (61%) of prepared cartilage lesions, the
surrounding cartilage was characterized as intact, with
only 3% of specimens having full-thickness lesions
identiﬁed. With respect to the cartilage wall proﬁle, the
most commonly identiﬁed morphology was that of
superﬁcial disturbances. Thirty-six percent of lesions
were debrided to a depth consistent with the calciﬁed
zone, with 27% of lesions debrided to the subchondral

There were 40 surgeons who performed arthroscopic
cartilage lesion preparation, and 40 osteochondral
blocks were subsequently harvested for histologic
analysis. Because of specimen damage during harvesting, or inadequacy of the prepared histologic sample, 7
specimens were excluded, resulting in 33 specimens
available for analysis. The mean duration of surgeon
time in active practice was 10.7  6.5 years. The mean
number of surgeon arthroscopies performed per month
was 14.6  7.8. Rank correlation analysis did not show
any signiﬁcant association of cartilage lesion wall
verticality and surgeon years in practice (rs ¼ 0.161, P ¼
.065) or arthroscopic caseload (rs ¼ 0.071, P ¼ .419).
The relation between surgeon experience and cartilage
lesion wall verticality is depicted in scatterplots (Fig 3).
The mean absolute values of angle measurements of
cartilage wall verticality for the RO, RI, FO, and FI locations were 12.9  12.1 , 12.9  12.4 , 25.6 
17.5 , and 29.2  20.5 , respectively (Table 2). There
were no differences in cartilage wall verticality between
the RO and RI locations (P  .999), or between the FO
and FI locations (P ¼ .793). Mean cartilage wall

Fig 2. Histologic section from a cartilage lesion prepared
arthroscopically. (A) Rear-outer angle measurement between
the cartilage wall and the chondral surface. (B) Partialthickness lesion of the surrounding cartilage. (C) Rear-inner
angle measurement between the cartilage wall and the
subchondral surface. (D) Bone sinusoids access. (E) Frontinner angle measurement between the cartilage wall and
the subchondral surface. (F) Front-outer angle measurement
between the cartilage wall and the chondral surface. Lines of
best ﬁt used for angle measurements, as depicted in (A), (C),
(E), and (F).
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Fig 3. Scatterplots depicting (A) the relation of surgeon years in practice and verticality of the cartilage walls about the periphery
of prepared cartilage lesions and (B) the relation of surgeon arthroscopic caseload and verticality of the cartilage walls about the
periphery of prepared cartilage lesions. Spearman’s rho and associated P values are presented to describe the monotonic relation
between variables.

end-plate, and 33% debrided to the level of deep bone.
The majority of lesion debridements (58%) did not
result in any bone sinusoid access. At the base of the
prepared lesion, the bone surface proﬁle was characterized as ﬂat in 42%, with 30% of lesions described as
having a crater within the bone surface proﬁle. The
histologic morphologies of prepared cartilage lesions are
detailed in Table 3.
Standard deviations of angle measurements were
greater than the expected value used for a priori power
analysis. Post hoc power analysis using the calculated
mean and standard deviations of RI (12.9  12.4 ) and
FI (29.2  20.5 ) wall angles, using an a value of 0.05,
with a sample of 33 measurements within each
grouping, determined the power to be 0.97.

Discussion
Using standard arthroscopic ring curette technique,
the cartilage walls located to the FI and FO areas of the
lesions were signiﬁcantly less vertical compared to areas
of the wall located to the RI and RO regions. In addition, there was no association of surgeon experience
and the ability to prepare a cartilage lesion with vertical
walls about the periphery.
The greater difﬁculty achieving near-perpendicularity
of cartilage walls at the front aspect of the defects
compared with the rear aspect that was shown in this
study is an important consideration, given that this
ﬁnding would be less likely in cases of open debridement, where the front and rear aspects of the lesion are
easily visible. This is of particular importance where

Table 2. Comparison of Cartilage Wall Perpendicularity About the Periphery of Debrided Cartilage Lesions
Location of Curette Debridement About
Lesion Periphery
Rear outer
Rear inner
Front outer
Front inner

Mean of Cartilage Wall Absolute Angle
Deviation from Perpendicular
(90 )  SD
12.9  12.1
12.9  12.4
25.6  17.5
29.2  20.5

P Valuey
<.001*

Multiple Comparisons of Mean Angles

P Valuez

Rear outer vs Rear inner
Rear outer vs Front outer
Rear outer vs Front inner
Rear inner vs Front outer
Rear inner vs Front inner
Front outer vs Front inner

>.999
.009*
<.001*
.008*
<.001*
.793

ANOVA, analysis of variance; SD, standard deviation.
*Statistically signiﬁcant.
y
One-way ANOVA group analysis to examine for statistical signiﬁcance between locations of debridement about the lesions.
z
Post hoc Tukey analysis for multiple pairwise comparisons between each location of debridement.
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Table 3. Histologic Assessment of Cartilage Lesion
Morphologic Characteristics After Arthroscopic Ring Curette
Preparation
Surrounding
Cartilage
Intact (I)
Shallow ﬁssure(s)
(Sh)
Partial-thickness
lesion (P)
Full-thickness
lesion (F)

Cartilage wall
proﬁle
Straight, ﬂat (Sf)
Superﬁcial
disturbances
(Sd)
Concave (Cv)
Convex (Cx)

Percentage of
Cartilage
Paired
Lesions
P Valuey Comparison P Valuez
61
<.001* I vs Sh
.006*
12
I vs P
.072
24
3

12
46

.016*

12
30

I vs F

.001*

Sh vs P

.388

Sh vs F
P vs F

.450
.058

Sf vs Sd
Sf vs Cv

.114
>.999

Sf vs Cx
Sd vs Cv
Sd vs Cx
Cv vs Cx

.540
.114
.848
.540

Dz vs Cz
Dz vs Se

.018*
.042*
.018*

Debrided lesion
depth
Deep zone (Dz)
Calciﬁed zone
(Cz)
Subchondral
end-plate (Se)
Deep bone (Db)

27

Dz vs Db

33

Cz vs Se
Cz vs Db
Se vs Db

Bone sinusoids
access
None (N)
Minor (M)
Severe (S)

58
27
15

.009*

N vs M
N vs S
M vs S

.131
.021*
.424

42
18

.040*

Sf vs Sd
Sf vs C

.230
.541

Sf vs B
Sd vs C
Sd vs B
C vs B

.078
.684
.610
.276

Bone surface proﬁle
Straight, ﬂat (Sf)
Superﬁcial
disturbances
(Sd)
Crater (C)
Bump (B)

3
36

30
9

.028*

.996
>.999
.989

*Statistically signiﬁcant.
One-sample c-square testing to examine signiﬁcance of frequency
distribution.
z
Post hoc pairwise analysis, P values adjusted to account for multiple
comparisons using the Benjamini and Hochberg procedure.
y

arthroscopic visibility tends to be more problematic,
such as in the case of large lesions, or lesions positioned
more posteriorly on the femoral condyles. This highlights the importance for the treating surgeon to ensure
maximum visibility at the front of the lesion, to minimize areas of suboptimal cartilage wall preparation
about the lesion periphery. Cutting away from the

lesion periphery toward the center of the defect
arthroscopically is problematic at the front aspect of
cartilage lesions, given the design limitations of standard ring curettes. Arthroscopic instruments that
incorporate a front-cutting design may enable the surgeon to shape cartilage walls at the front of defects that
more consistently achieve perpendicularity to the
subchondral plate.
With respect to cartilage lesion preparation in anticipation of cartilage repair procedures, including marrow
stimulation or cell-based procedures such as autologous
chondrocyte implantation, the cartilage about the
periphery of the lesion is ideally uninjured circumferentially. In vivo animal studies have shown that
partial-thickness defects or beveling at the margins of
the defects are associated with deﬁciencies of cartilage
reformation,23-25 which has the potential to impact all
manner of repair procedures that rely on restoration of
durable cartilage tissue. In addition, the structure of the
surrounding wall is important to contain marrow elements in cases of marrow stimulation procedures,26 and
to optimize stability of grafts used in cell-based repair.
The majority of the prepared lesions in this study
showed completely intact surrounding cartilage, with
less than 30% of lesions having either partial- or fullthickness injury peripherally. Importantly, however,
the proﬁle of the surrounding cartilage wall was less
ideal, with almost 50% having superﬁcial disturbances,
and 30% containing the least ideal type of proﬁle,
described as convex on histologic examination. This
could potentially affect uniform integration of cartilage
repair tissue about the periphery of lesions treated with
cartilage restoration procedures.
The subchondral bone is an integral part of the
osteochondral unit that is needed to sustain overlying
articular cartilage.6 Pathologic processes of articular
cartilage are intimately associated with changes to the
subchondral bone.27,28 Subchondral end-plate growth,
intra-lesional osteophyte development, and other alterations in subchondral bone anatomy may impact the
quality of cartilage repair tissue and limit clinical
outcome success in cases of cartilage restoration procedures.29-32 These factors highlight the importance of
maintaining integrity of subchondral bone when preparing cartilage lesions as a component of cell-based
cartilage repair procedures. The calciﬁed cartilage
layer and tidemark play an important role in solute
transport from underlying subchondral bone to overlying articular cartilage, and are metabolically active
layers with important function within the osteochondral unit that change with age and degenerative joint
injury.28,33-40 The calciﬁed cartilage layer also acts as an
interface between the articular cartilage and
subchondral bone, providing a stabilizing function.8,41
Longevity of repaired cartilage tissue depends not
only on restoration of uncalciﬁed articular cartilage, but
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also on maintenance of a healthy osteochondral unit
that includes the calciﬁed cartilage and tidemark layers.
Regarding the depth of lesion debridement, there is
evidence that improved cartilage restoration may be
achieved when the depth of debridement at the lesion
base is performed past the level of calciﬁed cartilage,
while leaving the subchondral end-plate intact.9 This
may lead to qualitative improvements in restoration of
the calciﬁed cartilage layer and overlying tidemark,
which are important functional structures necessary for
longevity of cartilage repair tissue. Both the calciﬁed
cartilage and tidemark layers are dynamic structures
that are metabolically active, with the tidemark layer
being particularly important for preventing vascular
encroachment on the articular cartilage, thereby preventing calciﬁcation.42 In the current study, 36% of
lesions were debrided to the calciﬁed cartilage layer, but
not beyond. The level of debridement was to the
subchondral end-plate in 27% of lesions, and to the
deep bone in 33%. Inconsistency of achieving the target
depth of debridement has potential clinical implications
related to the uniform regeneration of articular cartilage, given that appositional growth from the articular
surface is likely a crucial component of this repair
process.5 Although debriding to the depth of deep bone
occurred in a third of cases, histologic examination of
the subchondral bone surface showed that the majority
of lesion preparations did not result in any bone sinusoid access. With regard to the bone surface proﬁle, the
morphology was categorized as the most ideal “straight,
ﬂat” in 42% of lesions, although 30% of lesions were
described as containing a “crater” within the bone
surface proﬁle. Histologic assessment of the cartilage
lesions prepared arthroscopically in this study using a
standardized ring curette technique showed signiﬁcant
variability with respect to depth of debridement, and
improvement in both technique and instrumentation
may provide more consistency in this regard. If
arthroscopic cartilage lesion preparation is to be
undertaken by the treating surgeon when performing
cartilage repair procedures, complete visualization of
the entirety of the defect base should be ensured, and
instruments should be capable of adequately
approaching all of the treated surface area in a trajectory that enables uniform depth of debridement.
By examining various techniques of cartilage preparation, Drobnic et al.10 showed that mechanical curettage
was superior to debridement using an arthroscopic
shaver or electrocautery, according to the histologic examination of prepared lesion morphology using the
criteria presented in Table 1. This experimental study
examined cartilage lesion preparation in both human
and equine specimens. It is of note that the equine
specimens were deemed to lack skeletal maturity, and
there was no tidemark or calciﬁed cartilage layer identiﬁed, making the use of these specimens of questionable
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validity, given the high frequency of subchondral endplate violation. Furthermore, the ability to achieve
verticality of cartilage walls at the front and rear aspects
of prepared lesions was not examined in this work. We
believe this to be an important limitation with respect to
investigation of arthroscopic lesion preparation, as our
ﬁndings have shown signiﬁcantly superior perpendicularity of peripheral cartilage walls at the rear aspect of the
lesions, compared with the front. The decreased arthroscopic visibility in this region of the defect and the limitations of the curette instrumentation are likely
contributors to this ﬁnding.
Mika et al.11 investigated the histologic properties of
cartilage lesions prepared in both human and sheep
models. Using the standard ring curette technique of
lesion preparation, there were no cases of subchondral
end-plate violation, unless a brute force was intentionally applied. Importantly, however, the described
technique in this study prepared defects with a force
sufﬁcient to remove uncalciﬁed cartilage, leaving the
underlying tidemark and calciﬁed cartilage layer intact.
This is in contrast to the current study, where the
technique of lesion preparation was intended to
remove the tidemark and calciﬁed cartilage layer, as
this method has been shown to provide a more optimal
environment for cartilage restoration.9 It is notable that
the methodology of the current study relied entirely on
human cadaver specimens, which is a signiﬁcant
advantage compared with other recent studies such as
the works by Mika et al.11 and Drobnic et al.10 that have
used various animal models. The suitability of animal
specimens in the ﬁeld of cartilage restoration can pose
difﬁculties, given morphologic and physiologic differences from human articular cartilage and subchondral
bone.10,11,43-49
Overall, with respect to the described histological
parameters used in this study to assess the quality of
arthroscopic cartilage lesion preparation using standard
curette technique, there appears to be signiﬁcant variability with respect to the debridement depth, as well as
suboptimal verticality of the cartilage wall at the front
aspect of the prepared lesions. It is not clear if these
ﬁndings are primarily operator dependent, or if
improvement to the standard curette instrumentation
and technique would result in more ideal qualities of
prepared lesions. Given that surgeon experience was
not signiﬁcantly associated with differences in the
morphology of prepared lesions, it is likely that the type
of instruments used for the task of arthroscopic lesion
debridement more greatly contributed to the variability
shown in the morphology of defects prepared in this
study. Further examination of cartilage lesion preparation using instruments speciﬁcally designed to optimize accuracy and uniformity of arthroscopic
debridement will better clarify the shortcomings of the
standard curette technique.
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Limitations
There are a number of limitations to this study.
Cadaver specimens may not provide identical tissue
properties to that of an in vivo model. All histologic
sections available in this study were not analyzed, as
there were several samples rejected because of damage
during the harvesting procedure or histologic preparation. With respect to the orientation of prepared histologic samples, it was not technically feasible to obtain
full length transverse sections of the cartilage defects
after sectioning in the longitudinal plane. As the
authors believe that preparation of the front and rear
defect walls pose a greater technical challenge, the
sectioning orientation was chosen to be in the longitudinal plane, as opposed to the transverse plane. With
regard to the histologic samples used for analysis, a
single section was used for ﬁnal analysis, based on the
determination of the most complete specimen according to the examiner. Although examining multiple
sections for each defect may be possible, it was believed
that the variable histologic quality of sections obtained
for each sample may have introduced greater bias.
Although deviation of surrounding cartilage walls from
perpendicular alignment was an important focus of our
analysis, it is not clear the degree to which this deviation impacts clinical outcomes in the setting of cartilage
repair procedures. Moreover, although histologic evaluation did not identify concern of cartilage injury
related to the superﬁcial markings at the chondral
surfaces using electrocautery, it is possible that this
method of templating affected the tissue properties.
Additionally, measurements from each location of
debridement within the knee were pooled for analysis,
and there is location-dependent variation in the radius
of curvature of the articular surfaces within the knee
that may have impacted analysis. With regard to surgeon years of experience and arthroscopic caseload,
data were compiled and analyzed using self-reported
values, potentially introducing recall bias. Although
the value of mean standard deviation of angle measurements used for a priori power analysis was greater
than expected, post hoc analysis determined the power
to be adequate at 0.97.

Conclusions
Arthroscopic cartilage lesion preparation using standard ring curette technique in a human cadaveric knee
model results in inferior perpendicularity of the surrounding cartilage walls at the front aspect of the defect,
compared to the rear aspect. This technique has shown
signiﬁcant variability in the depth of debridement, with
debridement depths identiﬁed as either too superﬁcial
or too deep to the calciﬁed cartilage layer in over 60%
of cases in this study. Surgeon experience does not
appear to impact the morphologic properties of cartilage
lesions prepared arthroscopically using ring curettes.
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