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Abstract

advances in FAIS-related articular cartilage lesions.

The concept of femoroacetabular impingement syndrome (FAIS) has received much attention over the past 20
years. Currently, it is believed that FAIS can lead to intra-articular pathologies such as labral tears and articular
cartilage lesions, resulting in clinical symptoms and subsequent poor clinical outcomes. FAIS-related articular
cartilage lesions are common but unique, and their natural course always leads to early osteoarthritis of the hip.
However, despite these cartilage lesions having gradually gained considerable attention, limited consensus has
been reached on key aspects, such as diagnosis, mechanisms, classification, and management strategies, which
limits clinical and research advances. Hence, an intensive comprehensive overview based on the existing evidence
is necessary. The purpose of this review was to introduce the general consensus, controversial issues, and recent
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Publication trends and hot spots

In order to enable readers to understand the research
status of femoroacetabular impingement syn-
drome (FAIS)-related articular cartilage lesions
quickly and grasp the potential hot spots, we took
the relevant literature data published worldwide
and included in the Web of Science Core Collec-
tion from 2003 to 2024, utilizing bibliometric content
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analysis method for integrative analysis. The search crite-
ria were as follows: ((((ALL=(femoroacetabular impinge-
ment syndrome)) OR ALL=(femoroacetabular
impingement)) OR ALL=(femoro-acetabular impinge-
ment)) OR ALL=(femoro acetabular impingement))
AND ALL=(cartilage). In total, 1112 originals articles
and reviews were extracted. Three authors reviewed all
these studies via titles and abstracts screening, thus we
excluded duplicate records, studies in languages other
than English, and studies unrelated to the central theme.
788 publications were used to construct the dataset. The
dataset was imported into CiteSpace 6.3. R1 (Drexel Uni-
versity, Philadelphia, PA, USA) and the Online Analysis
Platform of Literature Metrology (http://bibliometric.c
om/) for overall analysis and visualization. The top five
institutions were ranked by the total citations of manu-
scripts: University of Bern, University of Utah, University
of Zurich, University of Ottawa, and Harvard University.
The top five journals were Clinical Orthopaedics and
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Related Research, The Journal of Bone and Joint Surgery-
British Volume, Osteoarthritis and Cartilage, The Ameri-
can Journal of Sports Medicine, and Arthroscopy-The
Journal of Arthroscopic & Related Surgery [see Addi-
tional file 1]. We identified the top 19 authors who have
attracted the most attention over the past two decades
in chronological order via a clustering analysis method,
including Gan, Leunig, Beck, Philippon, and Tannast et
al., who pushed the derivation and growth of this topic,
and Schmaranzer, Pascual-Garrido, and Maldonado et
al, whose studies reflect the latest academic achieve-
ments and cutting-edge dynamics [see Additional file
2]. We also summarize the changes in research hotspots
over the past two decades, revealing research trends in
this field (Fig. 1). Furthermore, all terms and definitions
in this article will be based on the widely accepted litera-
ture and consensus we retrieved [1-5].

All in all, abundant epidemiological evidence has rap-
idly promoted our understanding of FAIS-related car-
tilage lesions. In the early stages, scholars described the
natural history of FAIS-related cartilage lesions based on
clinical observations, and proposed possible mechanisms
that dominate disease progression. Further exploration
of the mechanisms started with biomechanical research
of the hip joint, including computer simulation, motion
analysis, and kinetics. While the application of histopa-
thology and molecular biology methods in FAIS cartilage
pathology is still in its infancy, the findings have advanced
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the field and revealed the unique mechanism of the
development of hip osteoarthritis in patients with FAIS.
Research trends have revealed a gradual shift in the man-
agement of FAIS-related cartilage lesions from open sur-
gery to hip arthroscopy. Multiple new technologies, such
as tissue engineering, have been introduced for the treat-
ment of FAIS-related cartilage lesions. Physical therapy
and rehabilitation have also begun to receive attention;
however, there is still a lack of consensus. Interestingly,
scholars have always shown great enthusiasm for utiliz-
ing imaging methods, especially MRI, to achieve early
diagnosis and prognosis prediction.

This review will provide an integrated overview of the
current state of FAIS-related articular cartilage lesions
and offer a “state-of-the-art” snapshot of this domain.

Epidemiology

More than 80% of patients with FAIS are noted to have
acetabular cartilage lesions on surgery, and most of
lesions are partial-thickness occurring in the antero-
superior region of the acetabulum accompanying with
adjacent labral tears [6-11]. While cartilage lesions
on femoral head are rare. FAIS patients with cam mor-
phology have a higher incidence of cartilage lesions and
mostly located at chondrolabral junction (CLJ); chon-
dromalacia, debonding, and cleavage are the most com-
mon lesion patterns [6, 9, 12—20]. Adolescent patients
with FAIS have a lower incidence of cartilage lesions than
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Fig. 1 Heatmap of research trends of the FAIS-related articular cartilage lesions from 2003 to 2023. Each row represents a research topic, each column
represents a year, and the color of each box represents the frequency (the darker the red, the more the related literatures were published; blue indicates

that the quantity was close to zero)
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adults, reaching only 20% [15]. Sex, age, and BMI are
predictors of intraoperative cartilage lesions in both ado-
lescent and adult patients with FAIS. For instance, high-
grade cartilage lesions are more common in male, older,
and higher BMI patients [9, 10, 21-26]. Current evidence
suggests that FAIS patients with cartilage lesions tend to
have worse clinical outcomes regardless of whether they
undergo treatment [8, 21, 27].

Mechanisms

The mechanisms underlying FAIS were first summarized
by Ganz et al. [1] in 2003, describing FAIS as an abnormal
contact between the femur and rim during the end stage
of hip joint motion that leads to intraarticular pathol-
ogy. It is currently accepted that cartilage lesions in Cam
morphology are the result of an outside-in mechanism,
while in Pincer morphology, cartilage lesions result from
linear contact between the femoral head—neck junc-
tion and acetabular rim (Fig. 2) [1, 2, 18, 19, 28, 29]. The
radius of the abnormal femoral head-neck junction in
the cam morphology gradually increases when sliding
into the acetabulum, which develops compression and
shear stresses at the CL]J. The cartilage is sheared by the
non-spherical femoral head and then stripped from the

Gross lesion

Cam morphology

Pincer morphology
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subchondral bone, causing a cartilage lesion to develop
from the outside. In Pincer morphology, in which the
femoral neck repeatedly impinges against the abnormal
acetabular rim, the labrum is first compressed by defor-
mation, and then force is transmitted to the acetabu-
lar cartilage, resulting in a labral tear and strip cartilage
lesion. Repeated microtrauma can cause labral ossifica-
tion, and leverage of the head in the acetabulum causes
contrecoup cartilage lesions in the posteroinferior
acetabulum. However, hypothesis at the joint level can-
not fully explain why not all patients with FAI morphol-
ogy will exist cartilage lesions. Thus, we summarize the
recent research progress and put forward cogent key
events as follows: anatomical structures prone to dam-
age, altered biomechanical due to worsening of contact
mechanics and sustained abnormal stress, and molecular
biological changes represented by chronic inflammation.

Anatomical structures

Cam morphology poses a significant threat to the hip
cartilage. It is generally accepted that primary cam mor-
phology develops during skeletal maturation as a normal
physiological response to loading, whereas secondary
cam morphology is caused by hip disease or acute trauma

Mechanisms

Fig. 2 Diagram of typical gross findings and mechanisms of FAIS-related articular cartilage lesions. During joint motion, cam morphology disrupts the
chondrolabral junction and then “peel off" the cartilage, while pincer morphology leads to hip anterosuperior labral tears and cartilage lesions as a result

of linear contact between components
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[4, 30]. Vigorous sporting activity during adolescence
leads to trauma or shear stress in the growth plate before
epiphyseal closure, increasing the epiphyseal exten-
sion along the femoral neck [30]. Thus, Cam morphol-
ogy is not only more prevalent in males, but also higher
and greater than that of females. The CLJ is a sharp and
abrupt transition zone between labrum and hyaline car-
tilage that has to bear different types of stresses, yet it is
susceptible to shear stresses due to its vulnerable histo-
logical structure (less collagen content and parallel fiber
orientation) [31-35].

Biomechanics and contact mechanics

Compared to healthy controls, obvious biomechanical
alterations could be seen in hips during walking, squat-
ting, stair climbing, sitting to standing, and jumping to
landing in FAIS patients with cam morphology [36-41].
Significantly, hip ROM reduced in all directions except
extension in FAIS patients but may not be restricted in
asymptomatic FAI morphology [42]. Finite element anal-
ysis studies have revealed that cartilage in impingement
zone continued to sustain overload contact pressure,
tensile strain, and shear stress [43, 44]. The presence of
a fluid film within the central compartment of the hip
joint influences the pressure distribution pattern at the
articular surface. Dwyer et al. [45] demonstrated that
cam morphology could reduce the seal of the central
compartment during pivoting in cadaveric specimens.
Pierannunzii [46] presented a perspective based on con-
tact mechanics in which cam intrusion disrupts the fluid
film and increases friction, and shear stresses result in
cartilage wear and extracellular matrix (ECM) fragment
release, further triggering inflammation pathobiology,
which leads to worsening lubrication and enhanced wear
through a vicious cycle, maintaining a chronic-recurrent
joint inflammation. In summary, multiple factors have a
combined effect on cartilage contact mechanics, which
may drive the pathological cascade involved in the devel-
opment of FAIS cartilage lesions.

Molecular biology

Articular cartilage continuously subjected to abnormal
mechanical stresses at the impingement zone in FAI hips
shows behaviors and composition similar to early osteo-
arthritis [47-49]. New evidence from molecular biology
reveals a molecular link between mechanical impact and
cartilage lesions in FAIS (Table 1) [49-56]. However,
the pathobiological mechanisms underlying the transi-
tion from FAIS to Hip OA are poorly understood. Based
on previous research, we found that the loss of cartilage
homeostasis in patients with FAIS was more obvious.
Chondrocytes exhibit an accelerated OA phenotype with
increased expression of pro-inflammatory cytokines.
Both anabolic and catabolic activities increase in the early
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stages and then convert to sustained catabolism as the
disease progresses. However, because of ethical issues in
obtaining acetabular cartilage samples, almost all studies
are based on samples from the anterolateral head-neck
junction. Goats and rabbits have been used to develop
FAIS models that provide opportunities to explore both
the pathogenesis and early events of acetabular cartilage
lesions [57, 58]. Identifying possible molecular mecha-
nisms is critical for clinical decision-making, such as
whether to perform early intervention for patients with
asymptomatic FAI morphology and how we should do so.

The underlying pathophysiology of the changes in
the osteochondral unit cannot be ignored. Acetabular
subchondral bone mineral density (BMD) is elevated
in patients with Cam-type FAIS [59]. Ng et al. [60, 61]
confirmed that the subchondral bone of patients with
cam morphology experienced substantially higher peak
stresses and shear stresses than those covering the car-
tilage during squatting. The expression levels of genes
associated with inflammation and bone remodeling are
higher in the bone tissue of patients with early Cam-type
FAIS than in those with normal bone tissue [49].

Diagnosis

The preoperative diagnosis of FAIS-related articular car-
tilage lesions depends on a detailed interrogation, com-
prehensive physical examination, and proper imaging.
Among patients with motion-related or position-related
pain in the hip or groin (sometimes also in the back, but-
tock, or thigh), other sources of pain must be excluded,
such as nonmusculoskeletal (e.g., urinary system disor-
der, potential nerve entrapment), pathological conditions
(e.g., tumors, infections, stress fractures), and compet-
ing body regions (e.g., lumbosacral spine), to distinguish
between intra-articular and extra-articular sources [3, 62,
63]. Intermittent clicking, buckling, or locking suggests
the presence of cartilage lesions but is usually confused
with labral lesions [64]. Physical examination should start
with gait assessment, including ROM and flexion adduc-
tion internal rotation (FADIR) test, meanwhile a com-
prehensive hip assessment should include tender point,
muscle strength, single leg control, flexion abduction
external rotation (FABER) test, and straight leg raising
against resistance test [3, 62, 64, 65]. While physical diag-
nostic tests have good sensitivity, they often lack speci-
ficity [66]. Therefore, diagnostic imaging provides a more
objective approach for preoperatively detecting cartilage
lesions [64].

Radiograph

Radiographs provide only an indirect assessment of car-
tilage, revealing hip morphology, joint space narrowing,
and evidence of secondary osteoarthritis (osteophytes,
subchondral sclerosis, and subchondral cysts) [67, 68].



Li et al. Journal of Orthopaedic Surgery and Research

Table 1 Studies on the molecular biology of FAIS-related cartilage lesions?
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Tissue source Study group Methods Markers Results
Wagner et al. [53] anterolateral head-neck  FAIS, n=22 HC COMP Cartilage in patients
2003 junction OA n=14 ISHH COL2-3/4 C (long) with FAIS and OA
ND, n=6 COoL1 showed similar histo-
coL2 logical changes.
Hashimoto et al. anterolateral head-neck  FAIS, n=25 gRT-PCR IL-16 Cartilage in FAIS
[54]1 2013 junction FAIS-OA, n=7 I-8" group was meta-
DDH,n=3 CXCL1 bolically hyperactive,
CXCL2 versus FAIS-OA and
CXcLs” DDH group.
CXCL6 Cartilage at the
CCL3 cleavage/thinning
ccLaLr” stage expressed more
MMP-13 inflammatory and
ADAMTS-4" catabolic mediators.
COL2AT"
ACAN’
Chinzei et al. [55] anterolateral head-neck  FAIS, n=30 gRT-PCR IL-1 B* Cartilage in FAIS
2016 junction OA,n=30 I8 group expressed
MMP-13" higher inflammatory
ADAMTS-4 cytokines and cata-
ACAN" bolic genes, as well as
COL2AT lower anabolic genes,
versus OA group.
Haneda et al. [56] anterolateral head-neck  FAIS, n=15 IHC I-18 Cartilage in patients
2020 junction FAIS-OA, n=15 MMP-13 with FAIS and FAIS-OA
acetabulum ND, n=7 ADAMTS-4 showed similar histo-
coL2 logical changes.
NITEGE
Haneda et al. [56] anterolateral head-neck  FAIS, n=15 IHC IL-1 B* Cartilage in FAIS
2020 junction FAIS-OA, n=15 MMP-13" group was meta-
DDHOA, n=15 ADAMTS-4" bolically hyperactive,
ND,n=7 coL” versus FAIS-OA, DDH
NITEGE OA and ND group.
Gaoetal. [52] 2021  (Bone tissue) FAIS, n=12 gRT-PCR IL-1 Bone tissue in FAIS
anterolateral head-neck  FNF, n=6 IL6" group expressed
junction IL-8 higher inflamma-
ALP” tory genes and bone
RANKL" remodeling genes
OPG’
Pascual-Garrido et anterolateral head-neck  FAIS, n=9 RNA seq AKT1" With disease
al.[571 2022 junction FAIS-OA, n=13 gRT-PCR PPAR—\/* progression, the
IF HIF1a" expression of PPARy
DNMT3B" and DNMT3B were
DNMT1" gradually suppressed,
DNMT3A" while DNMT1/3A was
induced.
Kamenaga et al. [58] anterolateral head-neck  FAIS, n=12 gRT-PCR DNMT3B" Gradual epigen-
2023 junction FAIS-OA, n=12 IF ABAT" etic dysregulation
ND,n=5 WB MMP13 between during the
MSP COL10A1 progression from FAIS
COL2A1 to FAIS-OA.
Kuhns et al. [59] anterolateral head-neck  FAIS,n=10 RNA seq FGF18" FAIS and OA cartilage
2023 junction FAIS-OA, n=10 gRT-PCR WNT16" have distinct genomic
IHC MMP13" expression profiles.
ADAMTS4" Early anabolic signal-

ing is replaced with
catabolic signaling in
the disease course.

2 FAIS, femoroacetabular impingement syndrome; OA, osteoarthritis; ND, no disease; IHC, immunohistochemistry; ISHH, in situ hybridization histochemistry; DDH,
developmental dysplasia of the Hip; qRT-PCR, quantitative real-time polymerase chain reaction; FNF, femoral neck fracture; RNA seq, Ribonucleic acid sequencing;

IF, immunofluorescence; WB, western blotting; MSP, methylation specific PCR

" Indicates differential expression in FAIS compared to OA or FAIS-OA
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An alpha angle above 60°, a femoral offset<8 mm,
and a head-neck offset ratio<0.15 at the anterior femo-
ral head-neck junction are recommended as the imaging
criteria for Cam morphology [4, 67]. A larger alpha angle
on radiograph (especially>65°) is a strong radiographic
predictor of severe articular cartilage lesions and labral
tears [22, 25, 69]. McClincy et al. [15] found that for each
10° increase in the alpha angle on 45° Dunn radiographs,
there was a 1.77-fold increase in the probability of
encountering acetabular cartilage lesions during arthros-
copy. Similarly, Shapira et al. [24] showed that for every
1° increase in the alpha angle on a 45° Dunn, the odds of
severe acetabular cartilage damage increased by 6%.

A joint space of 2 mm or less is considered evidence of
high-grade cartilage lesions and is associated with higher
hip arthroscopy failure and early conversion to total
hip arthroplasty [70, 71]. However, Rosinsky et al. [72]
reported that in FAIS patients with Tonnis grade 1 or 0
under the age of 50, joint space narrowing on plain films
may not accurately predict cartilage lesions. Relative nar-
rowing of the lateral joint space compared to the medial
joint space has been identified as a predictor of cartilage
lesions. Mortensen et al. [70] also found that there was
no significant correlation between a<2 mm posterior hip
joint narrowing shown on false-profile radiographs and
intraoperative high-grade cartilage wear in Cam FAIS
patients.

However, Tonnis classification system may underes-
timate the severity of FAIS-related articular cartilage
lesions [21, 70, 73]. Therefore, advanced imaging tech-
niques are required.

MRI
Reports suggest that the standard MRI protocol for FAIS-
related articular cartilage lesions should include: (1)
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unilateral small field-of-view (FOV) sequences, including
oblique axial and radial imaging for assessment of cam
morphology, and the minimum acceptable number of
slices in radial sequences should be 12 slices at 30° inter-
vals around the clock face from 12 o’clock to 11 o'clock
positions. (2) femoral torsion assessment; and (3) a fluid-
sensitive sequence covering the whole pelvis (in axial or
coronal planes, to screen for soft tissue and bone marrow
edema beyond the hip) [4, 67, 68, 74].

1.5T direct magnetic resonance arthrography (direct
MRA, dMRA) has long been considered the gold stan-
dard for diagnosing FAIS-related articular cartilage
lesions [75-78]. However, MRA may not easily detect
acetabular cartilage delamination, thus the extent of car-
tilage lesions is often underestimated [79-82]. Axial hip
traction has been recommended to improve the sensitiv-
ity of MRA [68, 74, 83]. Non-contrast 3.0T MRI is at least
equivalent to 1.5 T dMRA in identifying intra-articular
hip pathology, but it is a simpler and noninvasive method
[67, 68, 78, 84, 85]. Gao et al. [26] retrospectively ana-
lyzed preoperative 3.0T MRI data from 233 FAIS patients
that were confirmed arthroscopically; the overall sen-
sitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of 3.0T MRI to iden-
tify cartilage lesions were 83.7%, 82%, 74.2%, and 89.1%,
respectively, and the intra- and interobserver reliabilities
were almost perfect.

The quantitative MRI techniques, employing regional
quantitative analysis to detect biochemical changes
in cartilage composition, such as delayed gadolinium-
enhanced magnetic resonance of cartilage (DGEMRIC),
T2 mapping, T2* mapping, and T1p mapping, have been
seen as the most promising auxiliary diagnostic meth-
ods for FAIS-related articular cartilage lesions (Table 2)
[71, 82, 84, 86]. These techniques have showed excellent

Table 2 The quantitative MRI techniques of FAIS-related cartilage lesions?

DGEMRIC T2 mapping T2* mapping T1 rho mapping
Detection  GAG content Water content and collagen Water content and collagen fiber Slow-motion interactions between mac-
fiber network network romolecules (e.g. GAG) and bulk water
Normal T1Gd value is T2 value would decrease from  T2* value would decrease from T1p value is negatively correlated with
cartilage positively correlated  superficial zone to calcified superficial zone to calcified zone GAG content
with GAG content  zone Lower T2* value Lower T1p value
Higher T1Gd value  Lower T2 value
Damaged  LowerT1Gdvalue  HigherT2 value Highter T2* value Highter T1p value
cartilage
Pearls Clinically validated ~ Without contrast media Without contrast media Without contrast media
in hip joint Shorter scan time than T2 mapping ~ More sensitive to earlier changes
Higher resolution than T2 mapping
Pitfalls Injection of contrast Magic angle effect Magic angle effect Long scan time

Chemical shift artifacts

Long scan time

Lack of standardized protocol
Lack of reference database and
abnormal cut-off values

agent
Time consuming

Chemical shift artifacts

Lack of standardized protocol
Lack of reference database and
abnormal cut-off values

Poor availability and reproducibility
Lack of standardized protocol

Lack of reference database and abnor-
mal cut-off values

Tissue heating

*DGEMRIC, delayed gadolinium-enhanced MRI of cartilage; GAG, glycosaminoglycan
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feasibility and reproducibility, as well as strong abil-
ity to detect acetabular cartilage delamination [87-90].
Notably, the intrinsic variability of biochemical markers
among patients makes it difficult to define a gold-stan-
dard threshold for identifying cartilage lesions [91].
Taken together, AP pelvis and Dunn’s 45° view radio-
graphs provide limited but necessary information for
treatment decisions and prognosis prediction. A 1.5T
dMRA or 3.0T MRI is the first-line modality when a
FAIS-related cartilage lesion is suspected. However, the

A

Normal

Malacia
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choice depends largely on the institution. Currently,
quantitative MRI techniques complement conventional
MRI techniques by enabling earlier recognition; however,
they have not yet reached clinical maturity.

Classification systems

The classification systems currently used for FAIS-related
cartilage lesions include Outerbridge classification, Beck
classification (Fig. 3A) (various modified Beck classifica-
tion), acetabular labrum articular disruption (ALAD)

Pitting malacia

Fig. 3 A-B Diagram of the prime classification system of FAIS-related cartilage lesions. Beck classification (A) reflects the different stages of disease pro-
gression. Note the differences between the anatomical landmarks of clock-face method and llizaliturri’s six acetabular zones method rely on (B)
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classification, Konan/Haddad classification, Interna-
tional Cartilage Repair Society (ICRS) classification, Bern
classification, Sampson classification, and Multicenter
Arthroscopy of the Hip Outcomes Research Network
(MAHORN) classification [64, 92-98]. All these are
explained in detail in Table 3. The Outerbridge, Beck, and
ALAD classifications are the most commonly used clas-
sification systems [99-102]. Meanwhile, the clock-face
method and Ilizaliturri’s six acetabular zone method are
the two most popular methods employed to map lesion
location and describe lesion extent (Fig. 3B) [103]. Cur-
rent evidence suggests that we can accurately grade and
map FAI cartilage lesions using a combination of Beck
classification and the clock-face method. Over the years,
this simple and reliable combination has been widely
used and validated in clinical practice. Future updates
of classification systems should focus on characterizing
disease progression and prognostic value as well as guide
surgical indications.

Treatment

Controversial issues

Non-surgical treatment versus surgical-treatment

There is no high-level evidence to identify optimal treat-
ment strategies for FAIS-related articular cartilage
lesions. Nonsurgical treatment is still the first choice. The
initial treatment strategy consists of patient education,
rest, lifestyle and activity modification, nonsteroidal anti-
inflammatory drugs (NSAIDs), and physiotherapy. If no
improvement is observed after 4—6 weeks of treatment,
an advanced review including an MRI for identifying car-
tilage status, or a diagnostic intra-articular injection for
both pain relief and pain source distinguishing should
be conducted [65]. It is now generally accepted that
patients diagnosed with FAIS-related cartilage lesions
should undergo surgical intervention within six months
of symptom onset and conservative treatment failure
[11, 104]. There are limited studies on the surgical treat-
ment of cartilage lesions in adolescent patients owing to
concerns about potential iatrogenic epiphyseal injury. It
is difficult to determine a rigid upper age limit for sur-
gical treatment because patient age is not completely
associated with cartilage status. At present, chondro-
plasty, microfracture (MF), enhanced MF, autologous
chondrocyte implantation (ACI), autologous matrix-
induced chondrogenesis (AMIC), osteochondral trans-
plantation (OCT), platelet-rich plasma, and stem cell
therapy have been successfully applied for the treatment
of FAIS-related cartilage lesions (Fig. 4). We summarized
these surgical strategies in Table 4, that intend to assist
clinicians in making decisions. And we found that surgi-
cal treatment of FAIS-related cartilage lesions changed
from simple morphological repair to histological repair,
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emphasizing the importance of the microenvironment of
chondrocytes and the cellular matrix.

Open surgery versus hip arthroscopy

Open surgery for FAIS-related cartilage lesions can be
performed using surgical hip dislocation (SHD) and the
anterior mini-open approach (AMO) [105, 106]. SHD,
namely anterior dislocation with trochanteric flip oste-
otomy, can achieve complete exposure of the acetabu-
lum and femoral head and allow easy repair of the joint
capsule [107]. However, it carries the risks of avascular
necrosis, heterotopic ossification (HO), and trochan-
teric nonunion. The AMO utilizes the internervous plane
between the superior gluteal nerve (tensor fasciae latae)
and the femoral nerve (sartorius) to minimize tissue
damage around the hip. However, this approach carries
the risk of iatrogenic injury to the lateral femoral cuta-
neous nerve, femoral nerve, and the ascending branch of
the lateral femoral circumflex artery. With advances in
surgical techniques, hip arthroscopy (HA) has become
increasingly popular for diagnosing and treating FAIS-
related articular cartilage lesions. HA offers shorter
recovery times and fewer complications than open
surgery, with adequate visualization and satisfactory
short- and mid-term outcomes [108—111]. Maffulli et
al. confirmed that HA permitted the significant reduc-
tion of revisions-rate and significant increase in ROM
for FAIS patients [112]. According to a systematic review
and meta-analysis, AMO had a significantly higher rate
of complications (mainly lateral femoral cutaneous nerve
injury) than HA and SHD, while SHD had the high-
est rate of conversion to THA [113]. HA is not without
shortcomings: the limited joint space available requires
continuous traction, and instrumentation may cause iat-
rogenic cartilage damage. In addition, attention should
be paid to capsular repair in HA because inappropriate
capsule management may lead to postoperative joint
instability. The arthroscopic capsular suture-lifting tech-
nique for treating patients could achieve better anterior
stability of the hip joint and is more reliable than previ-
ous suturing techniques [114].

In short, hip arthroscopy has become the first-line
treatment, while open surgery still plays an irreplace-
able role in patients with significant dysplasia or mal-
formation, excessive cartilage lesions, or osteochondral
transplantation.

Remove versus repair

There is significant controversy over whether the delami-
nation and chondral flaps should be retained in patients
with FAIS. The traditional strategy is debridement fol-
lowed by microfracture, which completely removes the
delaminated cartilage and promotes fibrocartilage forma-
tion in defect areas. However, the delaminated cartilage
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Table 3 The classification systems of FAIS-related cartilage lesions?

Classification Grade Definition Base Target
area
Outerbridge 1 Softening and swelling of the cartilage Gross ap- Acetab-
2 Fragmentation and fissuring in an area half an inch or less in diameter pearance ulum
3 Fragmentation and fissuring in an area more than half an inch in diameter. of Fartilage and
4 Erosion of cartilage down to bone lesions femoral
(extent) head
Beck 0 Normal-Cartilage macroscopically intact Pathologi- Acetab-
1 Malacia-Fibrillation or roughening of surface cal process  ulum:
2 Pitting malacia-Roughening, partially thinning and full-thickness defects or deep fissuring in disease Chon-
to the bone progression  dro-
3 Debonding-Loss of fixation to the subchondral bone, macroscopically sound cartilage; Sgrglcal. !abral
carpet phenomenon d\slgcatlon June-
findings tion
4 Cleavage-Loss of fixation to the Subchondral bone; frayed edges, thinning of the cartilage (transi-
5 Defect-Full thickness defect tion
zone)
ALAD 0 Cartilage macroscopically intact Pathologi-  Acetab-
1 Softening of the adjacent cartilage cal process  ulum:
2 Early peel of the cartilage in diseasg ghon—
) progression  dro-
3 Large flap ofthe cartilage Hip ar- labral
4 Loss of cartilage throscopy  junc-
findings tion
(transi-
tion
zone)
Konan/Haddad 0 Normal cartilage Pathologi-  Acetab-
1 Wave sign cal process  ulum:
P Cleavage tear in disease Chon-
progression  dro-
Hip ar- labral
throscopy  junc-
findings tion
(transi-
tion
zone)
3 Delamination
4 Exposed bone
Using combined with six acetabular zones method
Grades 1, 3 and 4 could be further grouped as A, B and C based on whether the lesion was
less than one-third of the distance from the acetabular rim to the cotyloid fossa (A), one-
third to two-thirds of this distance (B) or greater than two-thirds of this distance (C).
ICRS 0 Normal Gross ap- Acetab-
1 Nearly normal-Superficial lesions. Soft indentation (A) and/or superficial fissures and cracks ~ P€arance ulum
B) of cartilage  and
2 Abnormal-Lesions extending down to < 50% of cartilage depth. lesions fernoral
(depth) head

Severely Abnormal-Cartilage defects extending down >50% of cartilage depth (A) as well
as down to calcified layer (B) and down to but not through the subchondral bone (C).
Blisters are included in this Grade (D).

4 Severely Abnormal-Lesions through the subchondral bone
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Classification Grade Definition Base Target

area

Bern 1 Normal Clinical Acetab-
2 Discoloration and fibrillation-Macroscopically reddish or yellowish discoloration of the experience  ulum:

cartilage Cover the Chon-

3 Softening and thinning-Provocation of a cartilage indentation with the probe in a zone entire spec-  dro-

with softening of cartilage tr.um of.early !abral

4 Wave sign-Loss of ﬁx_ation to the subchondral bone without flap formation, carpet phe- ggss;llnadg:, fgﬂc

nomenon on palpation by a probe pendent of  (transi-

5 Cleavage tear-Frayed edges in the cartilage, typically near the chondrolabral junction with etiology tion

preserved attachment to the subchondral bone z0ne)

6 Delamination-Delamination of the cartilage, cartilage flap; loss of fixation to the subchon-

dral bone

7 Exposed bone-Loosening of cartilage with exposed bone, bony palpation with probe

Sampson ACO No damage Treatment  Acetab-
ACI Softening no wave sign strategies ulum:
ACTw Softening with wave sign intact labrocartilage junction Pathologi-  Chon-
ACIWT]j Softening with wave sign and torn labrocartilage junction .Ca‘ process dro-

in disease labral

ACIwD Softening with wave sign and intact labrocartilage junction with delamination progression  junc-

ACIWTD Softening with wave sign and torn labrocartilage junction with delamination tion

AC2 Fibrillation (transi-

AC2Tj Fibrillation with torn labrocartilage junction tion

AC3 Exposed bone small area < 1 cm? zone)

AC4 Exposed bone large area> 1 cm? rF;mo-

Abbreviations: A, acetabulum; C, cartilage defects; D, with delamination; Tj, Torn labrocarti- head
lage junction; w, with wave sign.

HCO No damage

HC 0T Uniform thinning (T)

HC 1 Softening

HC?2 Fibrillation

HC3 Exposed bone

HC 4 Any delamination

HTD traumatic defect (size in mm)

HDZ demarcation zone from FAI

Abbreviations: HC, femoral head cartilage; T, thinning; TD, traumatic defect; DZ, demarca-
tion zone from FAI.

MAHORN 0 Normal-Macroscopically sound cartilage Pathologi-  Acetab-
1 Focal defect or extensive softening cal process  ulum:
2 Bubble-Detached cartilage from bone with intact periphery in diseasg Chon-
3 Pocket-Detached cartilage from bone with one free edge Erog&]risswon grk;)r_al
4 Flap-Detached cartilage from bone with more than one free edge thlfoscopy junc-

5 Exposed bone findings tion
(transi-
tion
zone)

MAHORN, Multicenter Arthroscopy of the Hip Outcomes Research Network

may appear normal grossly and still have a large number
of viable articular chondrocytes. Therefore, some schol-
ars claim to conserve the delaminated cartilage and then
perform a repair operation to bond the cartilage to the
underlying subchondral bone.

Wright et al. [115] assessed the viability of chondral
flaps using live/dead staining immediately after biopsy,
and the percentage of live cells was 87% * 10%. Hariri

et al. [116] determined the DNA, hydroxyproline, gly-
cosaminoglycan, and cellular viability of the flaps. The
results showed that the biochemical characteristics of
these flaps were abnormal, and cellular viability was
only 39%. Rodriguez-Fontan et al. [117] compared cel-
lular viability and tissue quality between chondral flaps
and non-weight-bearing cartilage around the fossa.
They confirmed the loss of viability (54.6%%25.6%) and
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Fig. 4 Diagram of common surgical-treatment methods of FAIS-related cartilage lesions. The figure shows radiofrequency-based chondroplasty, MF,
AMIC fixed with suturing, OCT, cartilage repairing with fibrin glue and MF, as well as cartilage repairing with suturing. MF, microfracture; AMIC, autologous
matrix-induced chondrogenesis; ACl, autologous chondrocyte implantation; OCT, osteochondral transplantation

tissue degeneration of chondral flaps. Levinson et al.
[118] believed that despite the presence of viable chon-
drocytes (50£19%), these cells residing in pathological
ECM may have limited migration ability, and it is difficult
to produce sufficient ECM for stable re-attachment.
Despite histological evidence not supporting the reten-
tion of delaminated cartilage and chondral flaps, clini-
cal reports of repair surgery have indicated optimistic
results, which are discussed in another section below.

Chondroplasty

Chondroplasty, also known as debridement, aims to
reduce unstable flaps, prevent the development of loose
bodies, and eliminate potential mechanical blocks. It has
been considered the first-line treatment for small lesions
sized<2 cm? and is effective for relieving pain as well as

mechanical symptoms. Arthroscopic chondroplasty for
FAIS-related articular cartilage lesions is associated with
encouraging short- and medium-term postoperative
functional outcomes. Radiofrequency devices can pro-
vide better mechanical stability and less release of inflam-
matory mediators compared with mechanical shavers
[119]. However, inappropriate intraoperative radiofre-
quency or iatrogenic injury may lead to chondrolysis
after hip arthroscopy [120]. Scraping calcified cartilage
during debridement may induce fibrocartilage formation
[121]. According to data from the Danish hip arthroscopy
registry (DHAR), chondroplasty has become the most
common treatment strategy for FAIS-related cartilage
lesions, accounting for 81.6% [8]. Similarly, data from a
North American cohort showed that chondroplasty was
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Table 4 The surgical management strategies of FAIS-related
cartilage lesions?

Non-full-thick- Cartilage delamina-  Full-thickness cartilage
ness cartilage tion or cartilage flap  lesions

lesions

chondroplasty <2  Repair <2cm?  Debridement

2

cm®  First: Fibrin glue or MF
Second: Suture
or other adhe-
sive techniques
>2  Seenas 2-4cm?  First: MF
cm?  full-thickness Second: OCT,
lesions after enhanced MF,
debridement ACI/MACI
4-6 cm?  First: enhanced
MF, ACI/MACI
Second: OCT
>6cm?  First: ACI/MACI

Second: OCT, THA
aMF, microfracture; OCT, osteochondral transplantation; ACI, autologous
chondrocyte implantation; MACI, matrix-induced autologous chondrocyte
implantation; THA, total hip arthroplasty

performed in more than 40% of patients with FAIS with
acetabular cartilage lesions [7].

Microfracture and enhanced microfracture
Microfracture
Arthroscopic microfracture is a frequently used strategy
for FAIS-related cartilage lesions, with reported success
rates ranging from 82.4% to-96.7%, and is suitable for
focal full-thickness cartilage lesions (Outerbridge grade
IV) on the acetabulum and femoral head with a size 1
to 4 cm? and Toénnis grade<1 [65, 122—129].However,
the violation of the subchondral bone carried by MF
increases the risk of subchondral fracture, intralesional
osteophyte formation, and subchondral cyst forma-
tion, and iatrogenic injury of the subchondral plate may
counteract revision surgery [121]. Overall, arthroscopic
microfractures were associated with significant improve-
ments in short-term PRO scores [21, 121, 129-132].
Patients with lesions greater than 400 mm? or age>50
years may could also benefit from MF [124]. Chaha-
rbakhshi et al. [133] reported the effect of lesion size on
clinical outcomes after arthroscopic microfracture was
performed with concomitant treatment for labral tears
and FAIS. Lesion size did not affect clinical improve-
ments at a minimum 2-year follow-up, but patients
with larger cartilage lesions (>300 mm?) had a higher
rate of conversion to THA. Carreira et al. reviewed 347
patients who underwent hip arthroscopy and found that
surgeons would not perform MF in Beck grade 1 and 2
lesions, while whether to perform MF in Beck grade 3
and 4 lesions depended on age, and lesion size in patients
aged>50 years and small size were more prone to MF
treatment [21]. Two studies have provided second-look
histological evidence that the final mean filling rate was
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over 90% and the repaired tissues were primarily fibro-
cartilage [134, 135].

Enhanced microfracture

Enhanced microfractures are considered superior to
standard microfractures [136]. Enhanced microfracture
is achieved by improving cell proliferation and differen-
tiation as well as by increasing the stability of fibrin clots
after standard MF. Biologics such as bone marrow mes-
enchymal stem cells (BM-MSCs), bone marrow aspirate
concentrate (BMAC), and platelet-rich plasma (PRP) can
be injected into the MF site or into the joint to facilitate
the proliferation and differentiation of stem cells into car-
tilage [137]. Biomaterials, mainly scaffolds, can be fixed
to MEF sites to protect clots and cells from excessive shear
and compressive stress. Multiple natural and synthetic
biomaterials have been used in a dry powdered, gel, or
membrane form.

Autologous matrix-induced chondrogenesis

AMIC is an enhanced microfracture technique rec-
ommended for the treatment of medium-to-large full-
thickness FAIS-related cartilage lesions (>2 cm?) [138,
139]. Collagen and chitosan scaffolds have been exten-
sively used in AMIC procedures, and have demon-
strated clinically validated efficacy in promoting cartilage
regeneration.

Chondrogide®(Geistlich Pharma AG, Wolhusen, Swit-
zerland), a bilayer collagen I/III membrane made from
porcine collagen. Thorey et al. [139] reported positive
outcomes of arthroscopic AMIC using Chondrogide®
for mid-sized cartilage lesions in the acetabulum of ama-
teur athletes. Fontana et al. [140] provided evidence for
the stability and efficacy of AMIC with Chondrogide® for
FAIS-related cartilage lesions. Patients with arthroscopic
microfracture had visibly deteriorated at 36 months after
surgery, but AMIC showed durable results. Similar favor-
able long-term outcomes were obtained from 5 to 8 years
of follow-up [141-143].

BST-CarGel® (Smith and Nephew Inc., Andover, MA)
is an injectable chitosan-based biopolymer which was
delivered in a dropwise manner to fill the MF site during
operation without additional fixation [144-146]. Large
lesions (>6 cm?) could also benefit from BST-CarGel®
[147]. Tey et al. [144, 148] provided a detailed account of
the hip arthroscopic AMIC technique with BST-CarGel®
for FAIS cartilage delamination, and in which the clini-
cal improvements could be maintained for more than
two years. T2 mapping showed that BST-CarGel® pro-
duced homogenous repair tissue similar to the native
cartilage after AMIC [149]. A randomized controlled
trial reported that AMIC with BST-CarGel® led to greater
lesion filling and superior repair tissue quality compared
to isolated MF at 12 months after surgery [150]. Similarly,
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BST-CarGel® promoted a significant decrease in progres-
sive loss of joint space and conversion to THA [145].

Recently, an absorbable gel implant consisting of colla-
gen Type I from rats, known as ChondroFiller® (Meidrix
Biomedicals, Esslingen, Germany), was reported, which
allowed chondrocytes and stem cells to migrate into the
collagen matrix without MF [151, 152]. Mazek et al. [151]
reported encouraging long-term results with Chondro-
Filler® in patients with FAIS-related cartilage lesions.
MRI showed significant healing of the defect after five
years of follow-up. A case series demonstrated that in the
1-year MRI evaluation, the thickness of regenerative tis-
sue approached normal cartilage [152].

Autologous chondrocyte implantation and matrix-induced
autologous chondrocyte implantation

ACI and matrix-induced autologous chondrocyte
implantation (MACI) have been established as good
treatment options to deal with focal large full-thickness
cartilage lesions(>4cm?) in FAIS patients [65, 153]. Both
techniques require a 2-stage surgical procedure: cartilage
biopsy for chondrocyte culture and implantation of cul-
tured chondrocytes with a scaffold at the defect site after
debridement [153]. Currently, most scholars choose to
harvest chondrocytes from the non-weight-bearing area
of the femoral head or acetabular fossa as seed cells; how-
ever, additional harvesting procedures may induce sec-
ondary lesions in donor areas. Two studies have validated
the feasibility of harvesting donor chondrocytes from the
covered cartilage of cam morphology, although hyaline
cartilage in this area has been demonstrated to exhibit
clear signs of degeneration and inflammation [154, 155].

BioSeed-C® (BioTissue Technologies GmbH, Freiburg,
Germany) is a bioresorbable polyglycolic acid/polylactic
acid (PGA/PLA) polymer scaffold that embeds chon-
drocytes in a gel-like porous three-dimensional tex-
tile structure when used in MACI. Fontana et al. [156]
compared the efficacy of arthroscopic debridement with
arthroscopic BioSeed-C° MACI for post-traumatic hip
cartilage lesions. After a mean follow-up of 74 months,
the MACI group showed more significant postopera-
tive improvements in the mHHS score. Another study
showed that BioSeed-C° MACI and AMIC provided
the same beneficial effects and long-term outcomes in
repairing mid-sized (2-4cm?) FAIS-related cartilage
lesions [157].

Chondrosphere®(co.don® AG, Berlin, Germany) is com-
posed of injectable 3-dimensional autologous chondral
spheroids with excellent self-adhesive ability [158, 159].
Korsmeier et al. [160] reported good short-term out-
comes for Chondrosphere® in FAIS patients. The promis-
ing results of Chondrosphere® for treating larger cartilage
lesions ranging from 2 cm? to 6 cm® have also been
shown in several clinical studies [159, 161, 162].
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NOVOCART® Inject (TETEC Tissue Engineering
Technologies AG, Reutlingen, Germany) is an in situ
cross-linkable albumin-hyaluronan-based hydrogel that
includes two components: a hydrogel suspension con-
taining autologous cells and a cross-linker. It can be
injected into the prepared site of the defect via a dual-
chamber syringe. Thier et al. [163] reported the posi-
tive short-term outcomes of arthroscopic NOVOCART®
Inject MACI for small cartilage lesions in the hip. And
they compared the clinical outcomes of NOVOCART"
Inject with Chondrosphere® in treating FAIS-related car-
tilage lesions [164]. There were no significant differences
in the outcomes between the two products. Another
study also showed that patients treated with arthroscopic
NOVOCART® Inject MACI combined with FAIS sur-
gery presented the complete integration of the transplant
[165].

Platelet-rich plasma and stem-cell therapy

Platelet-rich plasma and stem cell therapies are often
used as adjunctive strategies in the treatment of FAIS-
related cartilage lesions. These injectable biologics are
injected into the joint cavity directly or at the defect site
after MF to promote the regeneration of articular carti-
lage. However, the protocols for the delivery and prepa-
ration of current clinical products vary widely. The use
of PRP and stem cell preparations in combination with
tissue-engineered scaffolds seems intriguing its best
potential.

The theoretical benefits of PRP in intra-articular hip
disorders include promoting healing and reducing post-
operative inflammation [166]. It is generally accepted
that PRP can relieve hip pain associated with early osteo-
arthritis but has limited effects on cartilage repair [166—
168]. Schallmo et al. [137] introduced an arthroscopic
microfracture procedure enhanced with BioCartilage
Extracellular Matrix°(Arthrex, Naples, FL) and PRP for
the treatment of symptomatic full-thickness chondral
defects of the hip. BioCartilage® is a biologically active
scaffold containing dehydrated and micronized allograft
cartilage and primary articular cartilage extracellular
matrix [137, 169]. They mixed leukocyte-reduced PRP
with BioCartilage® and input it into the defect areas of
ME, that exhibited excellent survivorship and significant
improvement after at least 1 year of follow-up [169].

Several stem-cell treatment strategies, including
intra-articular injections of expanded MSCs, BMAC,
and micro-fragmented adipose tissue transplantation
(MATT), have been successfully applied to patients with
FAIS, and result in more significant pain reduction and
clinical improvement [170-172]. The optimal dose for
intra-articular injection of expanded MSCs requires fur-
ther investigation, while current evidence shows a posi-
tive correlation between dose and curative effect [173].
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Murata et al. [174] showed that MSCs from the cotyloid
fossa synovium of patients with FAIS had higher prolif-
eration and differentiation potential than those from the
paralabral synovium, which should be considered a bet-
ter source for stem cell therapy. Remarkably, some stud-
ies have suggested that intra-articular injection of MSCs
or BMAC is inefficient [175—177]. The injected cells were
distributed throughout the joint cavity and adhered pref-
erentially to the synovium. Thus some scholars have used
BMAC to infiltrate the AMIC matrix, and obtaining sat-
isfactory results [178]. In microfragmented adipose tis-
sue transplantation, autologous subcutaneous fat tissue
is refined to cluster as a natural 3-dimensional biological
scaffold that contains MSCs and a supportive vascular
stromal niche that preserves cells in their native environ-
ment. Ivone et al. [172] treated cartilage delamination
with a size of 1-2 cm? by transplanting microfragmented
autologous adipose tissue into the delamination gap, and
confirmed that MATT led to better clinical outcomes
compared with MF.

Osteochondral transplantation (OCT)
OCT is often used to deal with medium-to-large
full-thickness cartilage or osteochondral lesions in
weight-bearing areas. Depending on the source of trans-
plantation, it can be divided into osteochondral autograft
transplantation (OAT) and osteochondral allograft trans-
plantation (OCA). Hip OCT usually exposes the articular
surface through surgical dislocation or anterior approach
(Smith-Petersen approach) rather than hip arthroscopy
[179, 180]. Short- and medium-term evidence suggested
that OAT combined with SHD was a reliable treatment
strategy for large femoral head cartilage defects of young
patients [181-187]. And it is also suitable for the treat-
ment of “apple-bite” defects at the femoral head and neck
junction due to excessive cam morphology [188].
Garcia-Mansilla et al. [189] introduced their experience
about OCA combined with osteoplasty of the head/neck
junction for Cam FAIS and concomitant chondral lesion
in femoral head. The other two studies reported the good
clinical and radiological outcomes of acetabular osteo-
chondral defects treated with fresh OCA [190, 191].Field
et al. [192] contributed the only report on the treatment
of FAIS acetabular cartilage defects with arthroscopic
OCT. They used a positioning device to create a bone
tunnel from the region of the iliac crest to the acetabular
articular surface and inserted a synthetic osteochondral
plug (TruFit plug) from the external joint in a retrograde
manner and positioned flush with arthroscopy. TruFit
Plug (Smith & Nephew, San Antonio, TX, USA) is a syn-
thetic resorbable acellular biphasic scaffold composed of
polylactide-coglycolide copolymer (PLGA), calcium sul-
fate, polyglycolide fibers, and surfactant [192, 193].
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Particulated cartilage transplantation (PCT) is a new
technique. Autologous or allogeneic particulated carti-
lage tissue granules with sizes ranging from 1 to 2 mm?
were used as implant units, including chondrocytes and
natural chondrocyte matrix. According to knee expe-
rience, PCT is mainly appropriate for ages from 18 to
55 years and full-thickness cartilage lesions with a size
from 2 to 5 cm? while combined subchondral bone
damage or huge defects (>5 cm?) are contraindications
for PCT treatment [194]. Pascual-Garrido et al. [195]
reported arthroscopic implantation of particulate juve-
nile allograft cartilage (DeNovo® Natural Tissue, DeNovo
NT) (Zimmer Biomet®, Warsaw, Indiana, USA) to treat
hip cartilage lesions. Similarly, Craig et al. [196] used an
arthroscopic planer attached with a suction tube device
(GraftNet; Arthrex, Naples, FL) to collect fragmented
articular cartilage at the femoral head-neck junction and
mixed them with chondral extracellular matrix, growth
factors, and autologous peripheral blood to prepare
grafts and achieve transplantation via a single operation.

Cartilage repair techniques

Currently, there are two main repair strategies for car-
tilage delamination and chondral flaps, including adhe-
sive agents, like fibrin glue, and mechanical fixation, like
suture anchors; however, it is unknown whether these
strategies have satisfactory long-term outcomes [106,
197, 198]. Scholars believe that cartilage delamination
less than 2 cm? in size should be repaired [199].

Fibrin glue is usually used in conjunction with micro-
fractures to bond delaminated cartilage or flaps to the
underlying subchondral bone, acting as a glue as well as
a scaffold for cells [106]. When the CLJ is intact, we need
to determine the location of the delamination accord-
ing to the carpet and wave signs. A small incision was
made close to the acetabular rim on the external articular
side of the adjacent labrum to form a pocket connecting
the spaces between the delaminated cartilage and sub-
chondral bone where the MF was performed. Once the
pocket was filled with fibrin glue, the delaminated carti-
lage was pressed back in place until solidification. At one
year after fibrin glue reparing, patients showed favorable
functional outcomes and macroscopically healthy repair
tissue could be noted on the second examination of the
repair area [200, 201]. Kucharik et al. [202] proposed that
using BMAC to stick chondral flap.

Two suture techniques have been reported [203-206].
In the first technique, suture anchors are placed on top of
the acetabular rim near the area of delamination or flaps,
then passing the sutures around the cartilage and labrum
as a unit. In the second technique, all-suture anchors
are inserted in the medial acetabulum, which are then
placed through the cartilage and the mid substance of the
labrum toward the rim in a mattress configuration, and
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these sutures are fixed with outer row anchors. The lim-
ited cases reported to date have showed positive short- to
midterm-term clinical and second-look arthroscopy out-
comes [203, 206]. However, it is noteworthy that sutures
may cut the cartilage and lead to femoral head cartilage
wear [198]. Recently, Dong et al. [207] introduced the
technique of biochondral nail fixation for acetabular car-
tilage delamination. The detached cartilage was refixed
by inserting an absorbable chondral nail perpendicular to
the delamination surface, which maintained the articular
surface smooth and flat. The nail surface has grooves that
allow cell migration, which can be regarded as a combi-
nation of cartilage fixation and microfracture surgery.

A cadaveric study compared the biomechanical stabil-
ity of chondral flap repair techniques under physiological
gait cycles [204]. The results showed that the fibrin glue
and cyanoacrylate repairs always failed midway through
the test, while the repairs of both suture and hydrogel
scaffolds were sufficiently stable. We believe that these
results do not represent the real repair process in vivo
but could be served as a reference for initial rehabilitation
activities.

Rehabilitation

Current rehabilitation protocols of FAIS-related articular
cartilage lesions are mainly based on personal experience
or expert recommendations. The limited research has
only covered patients who underwent chondroplasty and
microfracture surgery. In short, postoperative rehabili-
tation for FAIS-related articular cartilage lesions should
include patient education, adjuvant therapy (e.g., cryo-
therapy and cold compression therapy), use of braces and
crutches, neuromuscular electrical stimulation (NMES),
continuous passive motion (CPM), weight-bearing and
ROM limiting, manual therapy and soft tissue mobiliza-
tion, strength training, proprioceptive training, func-
tional assessment, gait assessment, and preparation for
returning to sports.

The patient’s weight-bearing restriction and motion
progression depended on the surgical procedure per-
formed. In general, a restricted weight-bearing protocol
is recommended, except for isolated chondroplasty and
injection therapy, to promise more extensive biological
healing [63, 208—210]. There is increasing clinical data to
support weight-bearing as tolerated (WBAT) after chon-
droplasty. A WBAT protocol allows immediate weight
bearing in a progressive, controlled manner, as tolerated
by each patient, providing a more comfortable rehabilita-
tion process [211]. Weight-bearing is typically restricted
for 3 to 8 weeks after microfracture of FAIS-related artic-
ular cartilage lesions, with an average of 4.97 +2.35 weeks
in 68 studies and a median of 6 weeks in 31 protocols
published online [208, 212].
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The postoperative rehabilitation protocol should con-
sist of multiple phases, and physiotherapist will play an
important role in individualized rehabilitation. Domb
et al. [213] described a four-phase structured rehabilita-
tion protocol, and patient-reported hip outcomes showed
that patients with arthroscopic chondroplasty and MF
could resume satisfactory ADL under this protocol. Some
studies have also described similar four-phase rehabilita-
tion protocols and the aims of each phase are relatively
consistent [209]. Thus, we summarized these protocols
and proposed a four-phase framework to help surgeons
establish rehabilitation protocols conveniently (Table 5).

Prognosis

A systematic review reported that hip preservation pro-
cedures for cartilage lesions demonstrated a high suc-
cess rate, ranging from 85.6-99.7% [214]. In general, the
symptoms of cartilage lesions can be relieved by treat-
ment, and most FAIS patients can return to sports (RTS)
[215]. However, in addition to providing short-term pain
relief from debridement, surgery for FAIS patient who
already has extensive cartilage lesions (Tonnis>grade-
3) leads to poor therapeutic effects [6, 73]. The stage of
chondral lesion, time elapsed from the onset of symp-
toms and preoperative functional status predict the
functional outcomes following surgery [8, 21, 46, 104,
216, 217]. Confirmed subchondral cysts and chondral
damage exceeding 2 h on the acetabular clock-face and
central acetabular osteophytes indicates poor progno-
sis [68]. Lighter weight and younger age at baseline may
positively associated with post-operative sport activity
level, while patients with labral debridement, pathologic
acetabular index, and higher BMI are more at risk for a
subsequent THA after surgical treatment [218, 219].
Despite microfracture allows athletes with FAIS-related
cartilage lesions to return to play at the professional level,
including hockey, soccer, football, baseball, tennis, and
golf, long-term clinical evidence of prognosis is still lack-
ing [220-222]. And it cannot be ignored that the rate of
athletes who cannot RTS after arthroscopic treatment for
FAIS was approximately 11-12%, which will worse within
the presence of cartilage lesions [63, 219, 223-225].

Conclusion

Now a deeper understanding of FAIS-related aceabular
cartilage lesions has been achieved and some consensus
has been reached on the mechanism, diagnosis, clas-
sification, treatment and rehabilitation. The latest clini-
cal attention of FAIS-related aceabular cartilage lesions
has focused on the exploration of molecular biological
mechanisms and the application of arthroscopic tis-
sue engineering technology in order to provide better
treatment. With increased clinical data and technologi-
cal advancement, the evidence-based management of
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Table 5 Four-phase framework for rehabilitation protocols of FAIS-related cartilage lesions®

Phase Goal Modality Duration
Phase | Relieve pain Adjuvant therapy 0-4 weeks
Protection Protect repaired tissue Restricted motion and weight-bearing post-op,
Early restoration of ROM Isometric exercises upto6
Avoid muscle weakness and hip contracture Manual mobilization weeks
Moderate quadriceps and gluteus activation
Phase Il Protect repaired tissue Strengthening and stabilization exercises of lower limb, 4-8 weeks
Restoration Restoration of full pain-free weight-bearing, pelvic, lumbar, and core musculature post-op,
Stabilization ROM, and gait patterns Closed kinetic chain exercises upto 12
Strengthening Core stabilization Resistance training weeks
Restoration of muscle strength (4-) Manual therapy
Gait assessment
Phase Ill Restoration of muscle strength (5) Motor control 8-12
Strengthening Improve balance, proprioception, and cardio- Strength training weeks
vascular endurance Advanced closed kinetic chain exercises post-op,
Proprioceptive retraining up to 20
Dynamic stabilization exercises weeks
Phase IV Return to daily activities and sports Sport-specific training >12 weeks
Return to activity Athletes: return to play post-op
Return to
play: 6-9
months
post-op

2ROM, range of motion; post-op, post-operation

FAIS-related aceabular cartilage lesions doesn’t seem far
away anymore.

Abbreviations

FAIS Femoroacetabular impingement syndrome
OA Osteoarthritis

cu Chondrolabral junction

ROM Range of motion

ECM Extracellular matrix

FADIR Flexion adduction internal rotation

FABER Flexion abduction external rotation

AP Anteroposterior

MRI Magnetic resonance imaging

cT Computed tomography

FOV Field-of-view

dMRA Direct magnetic resonance arthrography
PPV Positive predictive value

NPV Negative predictive value

DGEMRIC  Delayed gadolinium-enhanced magnetic resonance of cartilage
ALAD Acetabular labrum articular disruption

ICRS International Cartilage Repair Society

MAHORN  Multicenter Arthroscopy of the Hip Outcomes Research Network
NSAIDs Nonsteroidal anti-inflammatory drugs

MF Microfracture

ACI Autologous chondrocyte implantation

AMIC Autologous matrix-induced chondrogenesis

oCT Osteochondral transplantation

SHD Surgical hip dislocation

AMO Anterior mini-open approach

HA Hip arthroscopy

HE Hematoxylin and eosin

mHHS Modified Harris Hip Score

BM MSCs-Bone marrow mesenchymal stem cells

BMAC Bone marrow aspirate concentrate

PRP Platelet-rich plasma

MACI Matrix-induced autologous chondrocyte implantation
PGA/PLA Polyglycolic acid/polylactic acid

MATT Micro-fragmented adipose tissue transplantation

OAT Osteochondral autograft transplantation
OCA Osteochondral allograft transplantation

PLGA Polylactide-coglycolide copolymer
PCT Particulated cartilage transplantation
ADL Activities of daily living

NMES Neuromuscular electrical stimulation
CPM Continuous passive motion

WBAT Weight-bearing as tolerated

RTS Return to sports
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