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Background: Chondrolabral damage is commonly observed in patients with cam-type femoroacetabular impingement (FAI).
Chondral flap reattachment has recently been proposed as a possible preservation technique.

Purpose/Hypothesis: The purpose of this study was to determine the viability and tissue quality of chondral flaps from patients
with FAI at the time of arthroscopy. It was hypothesized that chondral flaps from patients with cam lesions of the hip would exhibit
less viability and greater tissue degeneration than would those of a matched control group.

Study Design: Cohort study; Level of evidence, 2.

Methods: Patients with cam-type FAI who were treated with hip arthroscopy between 2014 and 2016 were asked to participate in
this study. The cartilage lesions were localized and classified intraoperatively according to Beck classification. A chondral flap
(study group) and a cartilage sample (control group) were obtained from each patient for histologic evaluation. Cellular viability and
tissue quality were examined and compared in both groups. Cellular viability was determined with live/dead staining, and tissue
quality was evaluated using safranin O/fast green, hematoxylin and eosin (H&E) staining, and immunohistochemistry for collagen II.
Osteoarthritis Research Society International (OARSI) grading was used for quality assessment, and Image J software was used to
calculate the percentage of tissue viability and Col II stain.

Results: A total of 10 male patients with a mean age of 38.4 years (range, 30-55 years) were enrolled. All chondral flaps were
classified as Beck grade 4. The mean cellular viability of the chondral flaps was reduced (54.6% ± 25.6%), and they were found to
be degenerated (OARSI grade, 4 ± 1.27). Control samples also had reduced viability (38.8% ± 30.3%) and were degenerative
(OARSI grade, 3.5 ± 1.38). There was no statistically significant intergroup difference for viability (P ¼ .203) or OARSI grade
(P ¼ .645), nor was there an intragroup correlation between viability and OARSI grade (P > .05). A significant negative correlation
(r ¼ �0.9, P ¼ .035) was found between OARSI grade and collagen II percentage scale in 5 selected samples.

Conclusion: Despite appearing normal macroscopically, the chondral flaps from patients with cam-type FAI displayed loss of
viability and tissue degeneration. In addition, control samples obtained away from the injury area also displayed cartilage damage
and degeneration. Careful consideration should be taken when attempting to reattach the chondral flap.
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Femoroacetabular impingement (FAI) syndrome is a
frequent cause of chondrolabral tears and hip pain.20,21

Different types of FAI have been described, including cam,
pincer, and combined morphology. FAI has been associated
with early progression to osteoarthritis (OA) secondary to

the chronic impingement to the articular cartilage.12 Male
patients usually present with larger morphological lesions,
known as pistol grip deformity.12,62 In addition, male
patients frequently present with advanced cartilage lesions
and larger labral tears compared with those of female
patients (56% for males and 24% for females).38

In a retrospective study including 355 hips undergoing
arthroscopic treatment of FAI, Nepple et al36 reported on
findings and predictors of intra-articular hip disease.

The Orthopaedic Journal of Sports Medicine, 5(8), 2325967117723608
DOI: 10.1177/2325967117723608
ª The Author(s) 2017

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http://creativecommons.org/
licenses/by-nc-nd/3.0/), 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 reprints and permission queries, please visit SAGE’s website at
http://www.sagepub.com/journalsPermissions.nav.

https://doi.org/10.1177/2325967117723608
http://crossmark.crossref.org/dialog/?doi=10.1177%2F2325967117723608&domain=pdf&date_stamp=2017-08-16


Labral tears and acetabular cartilage lesions were present
in 90.1% and 67.3% of the cases, respectively. In addition,
male sex, age >30 years, Tönnis OA grade 1 or 2,56 lateral
center-edge angle (LCEA) <20�, and cam FAI (alpha angle
>50�)2,18,40 had a strong correlation with moderate to
severe intra-articular disease and larger labral tears.36 The
current standard of care for patients with symptomatic
cam-type hip FAI lesion who have failed nonoperative
treatment is hip arthroscopy or open surgical dislocation
with labrum repair, osteochondroplasty, and removal of
chondral flaps (when present), followed by microfracture
or microdrilling.1,14,53 Short-term results seem encourag-
ing with microfracture, but there is uncertainty on how
these lesions may alter the natural evolution of joint
degeneration and the potential effect on long-term hip
preservation.11,22,26,44 Advanced regenerative therapies
have been proposed as an alternative therapy for the
treatment of these lesions.42

Recently, in an attempt to preserve the chondral flap
tissue, different techniques have been described, such as
bridging suture repair,23 direct suture technique,51 and
fibrin adhesive.52,59 These techniques propose refixing the
delamination or chondral flap to its native location. How-
ever, cartilage healing depends on multiple variables,
including adequate fixation technique, healthy cartilage,
and an intrinsic repair capacity. Thus, before attempting
any preservation chondral flap technique, it is critical to
assess tissue quality and viability.

For the above-mentioned reasons, the purpose of this
study was to determine the viability and tissue quality of
chondral flaps from patients with FAI at the time of
arthroscopy. It was hypothesized that chondral flaps within
the hip joint would exhibit less viability and higher tissue
degeneration than those from a matched control group.

METHODS

Study Design and Population

Between 2014 and 2016, patients undergoing hip arthro-
scopic treatment for symptomatic cam-type FAI lesions
were asked to participate in this study prospectively. All
patients gave informed consent, and the study was
approved by an institutional review board (protocol No.
13-2128). The inclusion criteria included symptomatic hip
patients secondary to cam-type FAI lesions who underwent
hip arthroscopy and who presented with a cartilage flap

that was confirmed intraoperatively.4,37 Exclusion criteria
included absence of cartilage damage or chondral flap, revi-
sion surgery or pincer morphology, rheumatologic condi-
tions, and advanced, diffuse degenerative changes (joint
space <2 mm).

Imaging techniques used were anteroposterior radio-
graphs, Dunn view, false-profile view, and computed tomog-
raphy scan. Four radiological parameters were recorded for
each patient: alpha angle,40,48 femoral version,55,57 LCEA,34

and femoral neck version.3

Macroscopy

Arthroscopy. Under arthroscopic view of the hip, lesions
for all patients were documented using a clock system with
reliable landmarks as follows: 12-o’clock superior (stellate
crease) and 3-o’clock anterior at the psoas U (Figure 1).43

The lesions were classified according to the Beck classifica-
tion (Table 1).4

Sample Extraction. During surgery, a biter was used for
removal of encountered chondral flaps (study group) and
for obtaining a cartilage sample from the perifoveal area
(control group), a nonweightbearing area. Therefore, each
patient had a matched control (Figures 1 and 2). These
were immediately transferred to the laboratory in low-
glucose Dulbecco’s Modified Eagle Medium containing 1%
penicillin-streptomycin for immediate tissue analysis for
viability and quality.

HISTOLOGY

Viability

Live/Dead Staining. Calcein acetoxymethyl and ethi-
dium homodimer-1 were used to assess viability of the sam-
ples.41 The samples were analyzed in a dark room under a
Nikon C2 confocal microscope. Images were taken from
each sample at 10� magnification and 1024 � 1024 pixels,
with the microscope imaging software NIS-Elements AR
4.20.01 (Nikon). Viability percentage of all samples was
assessed with Image J software (Developer Wayne Rasband
at National Institutes of Health).

Tissue Quality

Safranin O/Fast Green and Hematoxylin and Eosin. All
samples were fixed in 10% formalin after live/dead tissue
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evaluation. At 24 hours, the samples were dehydrated by a
scheduled process of increasing concentrations of ethanol
and finally embedded in paraffin blocks. These were sec-
tioned at 5 mm and mounted onto slides. Subsequent his-
tological staining was made with safranin O/fast green
and hematoxylin and eosin (H&E)41 for tissue quality
analysis. Samples were visualized and images taken at
4� and 20� magnification under light microscopy with
an EVOS xl core microscope (AMG). Histological grading
was performed using the Osteoarthritis Research Society
International (OARSI) grading system. The OARSI
assesses depth severity, with grades ranging from 0 (intact
cartilage) to 6 (deformation) (Table 2).47

Immunohistochemistry for Collagen II. For immunohis-
tochemistry, consecutive sections from single samples pre-
viously OARSI graded were selected for staining. These
were deparaffinized and incubated with primary anti–
Collagen II (Col II) antibody 1:100 (Iowa hybridoma bank;
catalog No. CIIC1) in 10% goat serum in triphosphate
buffer saline overnight at 4�C. Negative controls were pre-
pared by omitting the primary antibody.33 Immunopositive
sections were visualized and images taken at 4� and 20�
magnification using the EVOS xl core light microscope.

Percentage of Col II stain was estimated with Image J and
graded 0 to 4 depending on the obtained percentage (0¼ not
stained; 1 ¼ <25%; 2 ¼ 25%-50%; 3 ¼ 50%-75%; 4 ¼
>75%).27 A comparison of images at 20�magnification was
done using sections graded from 1 through 5 using the
OARSI scale.

Statistical Analysis

Statistical analysis was performed using Sigma Plot 11.0
(Systat Software Inc). Comparisons between the study and
control groups for cellular viability and OARSI grading
were done using a paired t test. In addition, a Pearson cor-
relation coefficient (R) was computed between viability
with OARSI grading and OARSI-graded sections 1 through
5 with Col II. Data are reported as mean ± SD, and P < .05
was considered significant.

RESULTS

A total of 10 male patients with cam-type FAI lesions and
an average age of 38.4 years (range, 30-55 years) were
included in this study. All patients underwent labrum
repair arthroscopically, chondral flap removal, microdril-
ling, osteochondroplasty, and capsular repair. One patient
had a previous periacetabular osteotomy. Another patient
had concomitant hip borderline dysplasia (Table 3).

All chondral flaps appeared macroscopically normal and
were classified as grade 4 of the Beck classification (loss of
fixation to the subchondral bone, frayed edges, thinning of
the cartilage). Most cartilage lesions were localized at the 12-
to 2-o’clock area (Table 3). Both study and control samples
weighed between 100 and 500 mg. No complications were
encountered during surgery or during tissue extraction.

The study group displayed some level of cellular viabil-
ity, with a mean value of 54.6% ± 25.6% (range, 3.8%-
85.1%). In terms of architecture and tissue quality, the
chondral flaps showed evidence of microscopic signs of
degeneration, with an OARSI grading of 4 ± 1.27. The con-
trol group also had reduced viability, with a mean value of
38.8% ± 30.3% (range, 0%-94%) and displayed signs of
degeneration, with an OARSI grading of 3.5 ± 1.38 (Table
4, Figures 3 and 4).31,49

Figure 1. Left acetabulum from a cadaver showing locations
of study and control samples. AIIS, anterior inferior iliac spine.

TABLE 1
Beck Classification of Cartilage Damage

Stage: Description Criteria

0: Normal Macroscopically sound cartilage
1: Malacia Roughening of surface, fibrillation
2: Pitting Roughening, partially thinning, and

full-thickness defects or deep fissuring
to the bone

3: Debonding Loss of fixation to the subchondral bone;
macroscopically sound cartilage; carpet
phenomenon

4: Cleavage Loss of fixation to the subchondral bone;
frayed edges; thinning of the cartilage

5: Defect Full-thickness defect

Figure 2. Left hip arthroscopic view from the anterolateral
portal. (A) Chondral flap removal with a biter. (B) Control sam-
pling site (arrow) at the perifoveal area.
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Randomly selected single consecutive sections from 5
patients, previously OARSI graded 1 to 5 (to represent each
grade), showed loss of Col II staining as OARSI grades
increased. The percentage of Col II expression in these 5
patients resulted in score 4 (82%) for patient 1 (control
group), OARSI grade 1; score 4 (76%) for patient 3
(study group), OARSI grade 2; score 3 (66%) for patient 7
(study group), OARSI grade 3; score 3 (59%) for patient 8
(control group), OARSI grade 4; and score 1 (21%) for patient
10 (study group), OARSI grade 5 (Figure 5).27

The overall main histological findings for both groups
were a reduction in the percentage viability and a loss of
healthy cartilage architecture. Most had loss of chondro-
cyte columnar orientation, loss of surface integrity, cluster
and cyst formation, loss of extracellular matrix (ECM),

cellular hypertrophy, loss of Col II in high OARSI grades,
and fibrocartilage (Figures 4, 5, and 6).

Statistical Analysis

No intergroup statistical difference was evident for cellu-
lar viability (n ¼ 10, P ¼ .203) or OARSI grading (n ¼ 9,
P ¼ .645). In addition, no statistically significant correla-
tion was found between cellular viability and OARSI
grading for the study and control group (r ¼ 0.056, n ¼
10, P ¼ .877 and r ¼ –0.513, n ¼ 9, P ¼ .157, respectively)
(Figure 7). Regarding Col II content, a significant negative
correlation was found between OARSI grading and Col II
content in the 5 selected sections (r ¼ –0.9, n ¼ 5, P ¼ .035)
(Figure 8).

TABLE 2
OARSI Grading System

Grade Subgrade (Optional) Associated Criteria (Tissue Reaction)

0: Surface intact,
cartilage intact

None Intact, uninvolved cartilage

1: Surface intact 1.0 Cells intact Matrix: superficial zone intact, edema and/or fibrillation
Cells: Proliferation (clusters), hypertrophy
Reaction must be more than fibrillation only

1.5 Cell death

2: Surface
discontinuity

2.0 Fibrillation through superficial
zone

Features for grade 1: þdiscontinuity at superficial zone, ± safranin O or toluidine
blue depletion on upper one-third of cartilage (midzone), ± chondron columns
disorientation2.5 Surface abrasion with matrix

loss within superficial zone
3: Vertical fissures 3.0 Simple fissures Features for grade 2: ± safranin O or toluidine blue depletion on upper two-thirds

of cartilage (deep zone), ± neocartilage formation (polarized light microscopy,
picrosirius red stain)

3.5 Branched/complex fissures

4: Erosion 4.0 Superficial zone delamination Cartilage matrix loss, cyst formation within matrix
4.5 Midzone excavation

5: Denudation 5.0 Bone surface intact Surface is sclerotic bone or reparative tissue including fibrocartilage
5.5 Reparative tissue surface

present
6: Deformation 6.0 Joint margin osteophytes Bone remodeling; deformation of articular surface contour (more than osteophyte

formation only); includes microfracture and repair6.5 Joint margin and central
osteophytes

TABLE 3
Characteristics of Patients Enrolleda

Patient No. Sex Age, y Hip Diagnosis
LCEA,

deg
Alpha

angle, deg
Beck

Classification
Cartilage Lesion

Location
Femoral
Version

Femoral Neck
Version

1 M 38 L FAI-cam 44 68 4 12-2 o’ clock 1 10
2 M 30 L FAI-cam 28 69 4 12-2 o’ clock 18 24
3 M 33 L FAI-cam 35 78 4 12-3 o’ clock 4 10
4 M 39 R FAI-cam 29 63 4 12-3 o’ clock 4 10
5 M 39 L FAI-cam 28 56 4 12-2 o’ clock 10 11
6 M 55 L FAI-cam 30 49 4 12-1 o’ clock –3 –1
7 M 32 R FAI-cam/previous PAO 20 53 4 12-2 o’ clock 23 17
8 M 31 L FAI-cam/borderline

dysplasia
15 53 4 1-2 o’ clock 21 17

9 M 43 R FAI-cam 32 54 4 12-2 o’ clock 21 4
10 M 44 R FAI-cam 33 60 4 12-2 o’ clock 20 7

aFAI, femoroacetabular impingement; L, left; LCEA, lateral center-edge angle; M, male; PAO, periacetabular osteotomy; R, right.
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DISCUSSION

The most important finding from this study was that chon-
dral flaps from patients with cam-type hip FAI had reduced
cellular viability and degenerative changes. All chondral
flap samples showed degeneration, including fibrosis, cyst
formation, clusters, cell death, hypertrophy, loss of Col II,
loss of architecture, and loss of surface integrity. Interest-
ingly, matched control samples also had poor cellular via-
bility and, in most cases, presented similar degenerating
features—resulting in no histological difference between
groups. Arthroscopically, the acetabular cartilage surface
may appear normal or healthy, but histologically, it proves
that the articular cartilage is under degeneration. This sug-
gests that patients with cam-type FAI lesions may poten-
tially suffer from a chronic joint degeneration-
inflammation process, where both the chondral flap and
surrounding tissues are affected, strengthening the concept
of FAI as a pre-osteoarthritic joint disease.49 However,
there might be different anatomic areas of stress intensity
within the acetabulum that probably lead to different pat-
terns of articular cartilage wear and inflammation within
the joint.24 Since the perifovea area is normally affected in
most FAI hips with some inflammation and chondromala-
cia, we believe that if the control samples would have been
taken from altered locations, findings may have been dif-
ferent. Chondral flaps were observed to be in a degenera-
tive state, suggesting that their refixation as a cartilage
restoration technique should be carefully considered or per-
haps should not be attempted. Refixation provides a native
scaffold for cartilage healing, whereas excision and micro-
fracture provide a clot formation hosting stem cells and
growth factors for new cartilage formation.29 Both treat-
ment options provide pain relief and function recov-
ery.11,26,29,52,59 Although post-refixation tissue quality has

not been histologically evaluated, one may predict that
fibrocartilage formation will prevail in the healing process,
similar to the microfracture technique itself. Thus, a poor-
quality cartilage will eventually fail and lead toward OA.29

To our knowledge, this is the first study that compares
viability and tissue quality of chondral flap to a matched
control sample in a cohort of patients. The tissue quality,
viability, and molecular expression of chondral flaps and
surrounding tissues still remain to be extensively studied,
although it is of interest to many researchers and clinicians
working in the cartilage restoration field.

Various investigators have focused on estimating the cel-
lular viability of chondral flaps. In a study by Hariri et al,16

21 chondral flaps were retrieved from patients with FAI.
Similar to our results, cellular viability was reduced. More-
over, this study reported that DNA and glycosaminoglycan
content was below that found in normal cartilage, while
surrounding cartilage had higher hydroxyproline concen-
tration, which correlates with higher collagen formation
and degeneration.16,60 Unlike our study, the control sam-
ples used were animal articular cartilage and human knee
cartilage, and no direct comparison of tissue viability and
quality was made with the human acetabular articular car-
tilage surface.16 In another study by Meulenkamp et al,32

the reported cellular viability of 12 chondral flaps was
higher, with an overall viability of 90%. This was measured
from H&E-stained sections, which can overestimate viabil-
ity, as suggested by the authors. In addition, histological
chondral flap analysis showed that half of the patients

TABLE 4
Cellular Viability Percentage and
OARSI Grading for Both Groupsa

Patient

Viability OARSI Grading

Study
Group

Control
Group

Study
Group

Control
Group

1 48.6b 94 5 1
2 50.5 32c 3.5 5
3 62.7 64.6 2 4.5
4 20.8b 0c 5 5
5 69.6 55 4.5 2.5
6 74.6 14.1c 2 2.5
7 3.8b 30c 3 4.5
8 53.6 23.2c 5 4
9 85.1 7.7c 5 3
10 77.3 68.1 5 Not performed
Mean 54.6 38.8 4 3.5
SD 25.6 30.3 1.27 1.38

aThe control sample from patient 10 was not studied for OARSI
grading. OARSI, Osteoarthritis Research Society International.

bFlaps with viability below 50%.
cControls with viability below 50%.

Figure 3. Bar graphs showing mean ± SD for (A) viability
percentage and (B) OARSI (Osteoarthritis Research Society
International) grade in the study and control groups.
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contained predominantly hyaline cartilage, while the other
half had signs of fibrillation; this demonstrates that even
with 90% cellular viability, the tissue may have a high index
of fibrosis, further supporting our findings. The authors
suggested that the varying amounts of fibrocartilage repre-
sented anabolic repairing attempts of a metabolically active
tissue due to inflammation.32 Interestingly, a study by
Bretschneider et al,6 which included 6 patients with cam-
type FAI, tested the proliferation and differentiation poten-
tial of chondrocytes found in samples retrieved from the
anterosuperior acetabulum and the anterolateral head-
neck region. The chondrocytes were found to be viable in
monolayer expansion after 19 days, reaching viability above
90%. However, they were predisposed to dedifferentiation

and produced high levels of interleukin 1 beta (IL-1b).5,39

But, encouragingly, the chondrocytes were able to be redif-
ferentiated and maintained differentiation when seeded
in tri-dimensional hyaluronan-based hydrogel cultivation,
showing high expression levels of Col II and aggrecan, as
well as decreased production of IL-1b.6 Clearly, as shown by
these studies and ours, there are varying results for per-
centage viability in chondral flaps and surrounding tissue.
However, the data suggest that these chondrocytes may not
be suitable for efficient cartilage regeneration given the tis-
sue quality and microenvironment where they are found.
This warrants a better understanding of articular cartilage
tissue and the molecular background directing chondro-
cytes when there is joint inflammation.

Figure 4. Safranin O/fast green stain from different samples at 20� and corresponding OARSI grade. (A) Patient 10 (study group),
grade 5, showing fibrous tissue, lack of cells, and absence of healthy ECM. (B) Patient 5 (study group), grade 4.5, showing
hypocellularity, cellular hypertrophy, clusters, no columnar orientation, and loss of surface integrity. (C) Patient 2 (control group),
grade 5, with clusters, cysts, fibrillation, and no columnar orientation. (D) Patient 8 (control group), grade 4, with clusters and poor
ECM staining. ECM, extracellular matrix; OARSI, Osteoarthritis Research Society International.

Figure 5. Sections at 20�. (A-E) Sections stained with safranin O/fast green, going from 1 (A) to 5 (E) in the OARSI grading scale.
(F-J) immunohistrochemistry for Col II in consecutive sections. (A/F) Patient 1 (control group). (B/G) Patient 3 (study group). (C/H)
Patient 7 (study group). (D/I) Patient 8 (control group). (E/J) Patient 10 (study group). Note the progressive cellular hypertrophy,
increasing pericellular matrix (PCM) staining, and decreasing staining in ECM from (B) to (D). Section (E) shows fibrosis. Col II,
collagen II; ECM, extracellular matrix; OARSI, Osteoarthritis Research Society International.
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In terms of tissue quality and molecular activity, there
are many evaluating tools that can be used and can aid in
explaining any degeneration that is observed. In the pre-
sent study, safranin O and immunohistochemistry for Col
II showed that there was a declining amount of ECM (ie,
aggrecan and Col II) as the tissue degenerates. There seems
to be an increase in cellular metabolic activity, as reflected
by the hypertrophy of chondrocytes and the intensity of
pericellular matrix (PCM) staining.13,15,28 Cartilage tissue

Figure 6. Live/dead and H&E staining for study (A-C) and control (D-F) samples. (A) 10� live/dead stain. (B) 4� H&E stain. (C) 20�
H&E stain. (D) 10� live/dead stain. (E) 4� H&E stain. (F) 20� H&E stain. Note in this case the higher viability in the chondral flap
sample compared to the control sample. H&E, hematoxylin and eosin.

Figure 7. Correlation between cellular viability percentage
and OARSI grading for (A) study and (B) control groups.
OARSI, Osteoarthritis Research Society International.

Figure 8. Correlation between Col II and OARSI in 5 sections:
OARSI graded 1 through 5. Note the inverse relation between
scales. Col II, collagen II; OARSI, Osteoarthritis Research
Society International.
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exposed to mechanical stress and/or aging changes the
PCM microenvironment properties through inflammatory
cytokines, affecting the chondrocyte metabolism and,
therefore, the cell-matrix normal homeostasis.13,15,35,64

This leads to cell-mediated remodeling processes such as
degrading proteoglycans and Col II28,58,61 by matrix metal-
loproteinases (MMP) and increasing synthesis of collagen I,
III, and X.19,28,46 This generates cartilage fibrillation with
reduced compressive modulus and mechanical fault.10,28,46

In the present study, the cam-type FAI patients were con-
tinuously subject to mechanical stress, which could lead to
cartilage degeneration prior to macroscopical changes.
Arthroscopic osteoplasty is an important component of
cam-type FAI treatment, allowing amendment of align-
ment and technical cessation of mechanical stress, with
restoration of physiological-like mechanical load.8 Thus,
extreme importance should be focused toward addressing
patients needing early treatment, prior to the onset of a
pro-inflammatory microenvironment. This may avoid
anomalous remodeling of ECM by restitution of appropriate
mechanical load. However, once remodeling of the articular
cartilage takes place, there remains uncertainty whether
restoration of the alignment and mechanical load will halt
or revert the degeneration. This certainly raises the need
for early diagnosis and prognosis in this population. More-
over, Hashimoto et al17 analyzed gene expression of inflam-
matory cytokines (ie, IL-8), enzymes (ie, MMP), and
structural matrix (ie, Col II) of FAI cartilage samples from
the anterolateral femoral head-neck junction and compared
it to end-stage OA cartilage. They found that FAI hips con-
tain cartilage with a heightened metabolic state. They pro-
posed that these results could possibly link the pathologic
mechanical environment and the metabolic alterations of
hip articular cartilage in patients with FAI.17,45 Similarly,
Chinzei et al7 compared 30 hips with FAI to 30 hips with
OA undergoing surgery, and they measured gene expres-
sion of inflammatory cytokines and anabolic and catabolic
genes from synovium, labrum, and cartilage. The authors
reported elevation of metabolism and inflammatory cyto-
kines not only on the FAI cartilage but also on the labrum
and adjacent synovial tissue.7 These findings suggest an
inflammatory microenvironment (ie, high IL-1b levels, IL-
8) that may prevent optimal cartilage regeneration from
the most viable chondrocytes.28,46,50,54 In the present study,
for example, patient 3 had a control viability of 64.6% but
an OARSI grading of 4.5, suggesting that the cartilage mor-
phology and its compressive modulus are compromised
despite having some viability. In the future, tissue quality
and inflammatory markers may become the diagnostic
tools of intra-articular cartilage degeneration.

In our study, control samples showed cartilage degener-
ation and loss of viability. This may prove the concept of a
“pre-osteoarthritic” joint disease in this population, as pro-
posed previously.7,17,49 Recently, Ryd et al49 proposed the
term pre-osteoarthritis to define the preclinical phase of
ongoing catabolic changes at the molecular and cellular
level in the articular joint, preceding OA macroscopic
changes and/or symptoms. Regardless of the pathological
drive leading to the loss of anatomic integrity, the mechan-
otransduction signal received in chondrocytes leads toward

cartilage remodeling, inflammation, and degeneration.25

Further studies establishing expression of inflammatory
cytokines or breakdown products of cartilage may help
advance our understanding of the FAI syndrome physiopa-
thology and may harness new diagnostic tools.

With regard to treatment options for chondral flaps in
FAI, some authors have suggested suturing and adhesive
techniques to preserve the chondral flap.23,51,52,59,63

According to short-term clinical results, patients experi-
ence pain relief and improved function9,30; however, it
seems dubious to assume that reattaching a degenerative
and unviable chondral flap can induce cartilage healing.

There were some limitations in the present study. The
sample size was small, and inclusion of only male patients
may be insufficient. Unfortunately, it did not allow for iden-
tification of subgroups and risk factors in the detrimental
cartilage quality. In addition, tissue viability might have
been negatively influenced in both groups by the harvest-
ing technique and preservation, affecting viability percent-
age results. Yet tissue quality clearly showed degeneration,
and this was not subject to such events. Moreover, control
samples were taken from a nonweightbearing area, priori-
tizing the patient’s care without losing the objective of the
study.

Although patients undergoing reattachment experience
pain relief and function recovery, our results suggest that
the degenerative findings seen in cartilage flaps in cam-
type FAI may not heal or may function poorly, which will
eventually lead to OA. However, to have a better under-
standing of the chondral flap, case-control studies compar-
ing reattachment with excision and microfracture, with
additional postoperative second-look arthroscopy and
biopsy, should be performed. Future studies with larger
cohorts of patients addressing both sexes and a wide age
range, studies with inclusion of a separate matched set of
joints and sampling from other normal-appearing areas or
weightbearing areas, and perifoveal sampling with histo-
logical evaluation from patients undergoing hip arthros-
copy procedure for noncartilaginous pathologies will aid
in ratifying the findings of the present study. This is a pilot
study that needs further research, and it sheds light into
FAI physiopathology and questions the utility of the chon-
dral flap reattachment technique for joint preservation.

CONCLUSION

Despite appearing macroscopically normal, the chondral
flaps from patients with cam-type FAI lesion had loss of
viability and tissue degeneration. In addition, control sam-
ples obtained away from the injury area also displayed car-
tilage damage and degeneration. Consideration of these
degenerative findings should be taken into account when
attempting a reattachment of the chondral flap.
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56. Tönnis D. Congenital Dysplasia and Dislocation of the Hip in Children

and Adults. Berlin: Springer; 1987.

57. Tonnis D, Heinecke A. Diminished femoral antetorsion syndrome: a

cause of pain and osteoarthritis. J Pediatr Orthop. 1991;11(4):

419-431.

58. Troeberg L, Nagase H. Proteases involved in cartilage matrix degra-

dation in osteoarthritis. Biochim Biophys Acta. 2012;1824(1):133-145.

59. Tzaveas A, Villar R. Arthroscopic repair of acetabular chondral delam-

ination with fibrin adhesive. Hip Int. 2010;20(1):115-119.

60. van den Boom R, Brama PA, Kiers GH, de Groot J, van Weeren PR.

Assessment of the effects of age and joint disease on hydroxyproline

and glycosaminoglycan concentrations in synovial fluid from the

metacarpophalangeal joint of horses. Am J Vet Res. 2004;65(3):

296-302.

61. Wu W, Billinghurst RC, Pidoux I, et al. Sites of collagenase cleavage

and denaturation of type II collagen in aging and osteoarthritic artic-

ular cartilage and their relationship to the distribution of matrix metal-

loproteinase 1 and matrix metalloproteinase 13. Arthritis Rheum.

2002;46(8):2087-2094.

62. Yanke AB, Khair MM, Stanley R, et al. Sex differences in patients with

cam deformities with femoroacetabular impingement: 3-dimensional

computed tomographic quantification. Arthroscopy. 2015;31(12):

2301-2306.

63. Yen YM, Kocher MS. Chondral lesions of the hip: microfracture and

chondroplasty. Sports Med Arthrosc. 2010;18(2):83-89.

64. Zelenski NA, Leddy HA, Sanchez-Adams J, et al. Type VI collagen

regulates pericellular matrix properties, chondrocyte swelling, and

mechanotransduction in mouse articular cartilage. Arthritis Rheuma-

tol. 2015;67(5):1286-1294.

10 Rodriguez-Fontan et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


