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Biological Therapies for Cartilage Lesions

in the Hip: A New Horizon
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Treatment of hip cartilage disease is challenging, and there is no clear algo-
rithm to address this entity. Biomarkers are arising as promising diagnostic
tools because they could play a role in the early assessment of the prearthritic
joint and as a prognostic factor before and after treatment. The potential ef-
fect of biomarkers may be used to categorize individuals at risk of evolving to
severe osteoarthritis, to develop new measures for clinical progression of the
disease, and to develop new treatment options for the prevention of osteo-
arthritis progression. A trend toward a less invasive biological treatment will
usher in a new treatment era. With the growth of surgical skills in hip arthros-
copy, cartilage restoration techniques are evolving in a fast and exponential
manner. Biological and surgical treatments have been proposed to treat these
pathologies. Biological treatments include platelet-rich plasma, stem cells or
bone marrow aspirate concentration, hyaluronic acid, losartan, and fish oil.
Surgical treatments include microfracture alone or augmented, direct repair,
autologous chondrocyte implantation, matrix-induced chondrocyte implan-
tation, autologous matrix-induced chondrogenesis, mosaicplasty, osteochon-
dral allograft transplantation, and stem cells implanted in matrix (stem cells
in membranes/expanded stem cells). This article reviews new evidence avail-
able on treatment options for chondral lesions and early osteoarthritis of the
hip. [Orthopedics. 20xx; XX(X):eXXx-exxx.]

ip-preserving techniques have ex-
perienced an exponential growth
over the past few decades. Im-
proved imaging quality and evolving ar-
throscopic techniques have led to a better
understanding of the pathology and in-
crease in the number of patients diagnosed
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with chondral lesions and early osteoar-
thritis (OA)."?

Treatment of hip chondral lesions and
early OA remains a challenge. This entity
has no well-known optimal solution and,
if left untreated, can have important del-
eterious effects on the joint.> Many of the

knee cartilage imaging and surgical pro-
cedures are being extrapolated to the hip
joint; however, this cannot be assumed
because cartilage and biomechanics are
disparate among joints.*¢
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Figure 1: Categories in which biomarkers can be applied to clinical practice. Abbreviations: COMP, car-
tilage oligomeric matrix protein; CTX Il, type Il collagen telopeptide; IL, interleukin; MMP, matrix metal-

loproteinase; TGF, transforming growth factor.

Imaging modalities continue to evolve
in parallel, improving early diagnosis and
evaluation of cartilage repair. Standard
magnetic resonance imaging (MRI) and
advanced cartilage MRI sequences such as
dGEMRIC, T2 mapping, and T1rho are the
most popular imaging modalities for the
assessment of chondral lesions, chondrope-
nia, and cartilage repair and regeneration.’
However, there is still a need to improve
specificity and sensibility between images
and intraoperative hip cartilage lesions.?

Recently, an era of the prearthritic joint
has been projected with the use of biomark-
ers. Performing a diagnosis of a prearthritic
joint disease will allow orthopedic sur-
geons to prophylactically treat joints before
irreversible cartilage damage occurs. Treat-
ment of the preosteoarthritic joint disease
is a new concept emphasizing the need for
preventive strategies that will modify the
course of a disease. The current approach
to the clinical treatment of OA is the pal-
liation of symptoms arising from late-stage
disease. Early-stage disease or preosteoar-
thritic disease is clinically silent because
structural changes typically precede the
clinical signs and symptoms of pain, defor-
mity, functional limitations, and disability.
Metabolic changes in articular cartilage,
synovium, and subchondral bone may
represent the earliest measurable changes
in preosteoarthritic conditions. As such,
identification and validation of biomarkers

for preosteoarthritic states and at-risk joints
may have wide application in clinical tri-
als of new intervention strategies, in rou-
tine screening, and in activity-modification
programs and return-to-play evaluations.
The ability to observe early and reversible
cartilage damage supports the development
of disease-modifying therapies.

The management of an established
chondral lesion and early hip OA is com-
plex and demanding. When treating these
patients, not only must the cartilage be as-
sessed, but numerous concomitant pathol-
ogies, such as femoroacetabular impinge-
ment (FAI), hip dysplasia, and instability,
must be taken into account.

Biological and surgical treatments have
been proposed to treat these pathologies.
Biological treatments include platelet-rich
plasma (PRP), stem cells or bone marrow
aspirate concentration (BMAC), hyaluron-
ic acid (HA), losartan, and fish oil. Surgical
treatments include microfracture alone or
augmented,’ '3 direct repair,'*!3 autologous
chondrocyte implantation (ACI),'®!7 ma-
trix-induced chondrocyte implantation,'®
autologous matrix-induced chondrogenesis
(AMIC),'® mosaicplasty,'*?! osteochondral
allograft transplantation,??3 and stem cells
implanted in matrix®* (stem cells in mem-
branes/expanded stem cells). This article
reviews new evidence available on treat-
ment options for chondral lesions and early
OA of the hip.

THE PREARTHRITIC JOINT

Molecular biologic markers (biomark-
ers), as objectively measurable indicators
of the pathophysiology of hip OA, have
the potential to improve the diagnosis
and estimate the prognosis of hip OA.
Molecular biomarkers of OA as intrin-
sic “indicators of pathologic processes”
have shown a good correlation as a link
between clinical status and disease pathol-
ogy, yet no single OA biomarker has been
shown to possess adequate sensitivity and
specificity to allow for clinical use.?>°
Recent data suggest that patients with hip
FAI have already elevated biomarkers of
cartilage degeneration and inflammation
(Figure 1).77

In a systematic review performed by
Nepple et al,?’ they concluded that al-
though there are more than 70 biomarkers
investigated in hip OA, none have been
validated for clinical use. The current lit-
erature on biomarkers in the pathophysiol-
ogy of hip OA is expansive and spans sev-
eral specialties, making it difficult for the
clinician to fully understand this topic. The
potential effect of biomarkers may be used
to categorize individuals at risk of devel-
oping severe OA, develop new measures
for clinical progression of the disease, and
develop new treatment options for the pre-
vention of OA progression.”

CURRENT BIOLOGICAL TREATMENTS
FOR EARLY OSTEOARTHRITIS
Autologous Platelet-Rich Plasma
Platelet-rich plasma has been used for
more than 50 years in dermatologic and
maxillofacial conditions. However, the
study and application of this treatment
in orthopedics has grown only recently.?
Platelet-rich plasma has been classically
defined as “a volume of plasma that has a
platelet count above baseline.”* Platelet-
rich plasma is the product of peripheral
blood centrifugation that leads to a high-
ly concentrated sample of platelets. The
platelets will later undergo degranulation
after endogenous (eg, calcium chloride,
chitosan) or exogenous activation to re-
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lease different growth factors and other
active molecules (eg, chemokines, extra-
cellular matrix, proteins, nucleotides),
assisting the healing process and improv-
ing inflammation.”” Animal OA—induced
models treated with PRP embedded in
gelatin hydrogel suggest reduction of OA
progression.’!3* Clinically, limited evi-
dence exists about the effects of PRP in the
hip joint to treat early OA. Sanchez et al**
evaluated the effect of hip intra-articular
injection of PRP in 40 patients with severe
OA and reported a clinically significant re-
duction in pain and improved function in a
mid-term follow-up study.

The real problem when trying to ana-
lyze PRP data is the great variability that
exists among different products and the
different responders to these treatments.>
Low-leukocyte PRP is reported to induce
greater cell growth by stimulating chon-
drocyte anabolism, whereas leukocyte-rich
PRP promotes catabolic pathways involv-
ing various cytokines*® and can produce
more side effects.’” Studies suggest that
PRP is capable of reducing pain and im-
proving functional status, especially in
patients affected by early to moderate
OA.3® In advanced stages, no difference
was found between the use of PRP vs
HA.3® Other questions that still need to be
resolved include when we should use this
therapy, how many times it should be used,
and whether it can be used as an augmenta-
tion of a surgical technique.*

Fish Qil

Eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) are omega-3 fatty
acids found in fish oil supplements. These
fatty acids partly inhibit a number of as-
pects of inflammation, including leukocyte
chemotaxis, adhesion molecule expres-
sion and leukocyte-endothelial adhesive
interactions, production of inflammatory
cytokines, and T-helper 1 lymphocyte re-
activity.** Madden et al*! suggested that
it may also alter monocyte CD-44 expres-
sion, which is an inflammatory receptor in
several lines. This would also modify the
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course of HA treatment because its action
mechanism depends on this receptor. New
evidence® supports that dietary supple-
mentation of omega-3 polyunsaturated fat-
ty acids has a beneficial effect of slowing
and reducing inflammation in the patho-
genesis of degenerative joint diseases.

Losartan

The renin-angiotensin-aldosterone sys-
tem (RAS) is a key regulator of the fluid
and electrolyte balance and a common
target of many pressure regulators. Two
angiotensin II (AT II) receptors are com-
monly recognized: AT1 receptor (AT1R)
and AT?2 receptor (AT2R). AT1 receptor
is responsible for the main functions of
AT 1I, whereas AT2R acts as a counter-
regulatory receptor.

Kawakami et al* reported that articular
chondrocytes express ATIR. They sug-
gested that the RAS might be implicated in
the expression of matrix metalloproteinas-
es (MMPs) and tissue remodeling in carti-
lage matrix. Specifically, AT II is reported
to be a profibrotic factor that regulates the
expression of type I collagen and MMPs
such as MMP-2. Moreover, they observed
that when stimulated with interleukin-1
(IL-1), the chondrocytes upregulated the
expression of angiotensin receptor. There-
fore, blocking the mechanism of action of
the RAS in the articular joint could lead
to enhanced cartilage health, especially in
inflammatory circumstances such as that
after hip arthroscopy.

Hyaluronic Acid

Numerous studies of knee OA suggest
that the intra-articular use of HA products
may be a good option in the management
of patients with this condition.* Hyal-
uronic acid can bind to specific receptors:
cluster determinant 44 (CD44), intracel-
lular adhesion molecule-1 (ICAM-1) and
the receptor for hyaluronate-mediated
motility (RHAMM).* Eventually, this
triggers various intracellular signal events,
such as cytokine release and stimulation of
cell cycle proteins. Studies on the effects
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of HAs of different molecular weights on
specific receptors have reported that the
results can vary depending on the size
of the HA molecules used. For hip joint
treatment, it has been postulated that high-
molecular-weight HA (1500-2000 kDa)
has better outcomes than low-molecular-
weight HA 4648

Migliore et al*® evaluated 120 patients
and reported a significant reduction in
Lequesne algofunctional index scores
and self-reported pain scores via visual
analog scale (VAS) at 3 months after high-
molecular-weight HA injection, whereas
at 12 months, 80% of patients achieved
a decrease in symptoms of at least 30%.
These results were maintained over time

148

through cyclical repetition of ultrasound-
guided injections (at least 1 injection every
6 months). A recent randomized clinical
trial* suggested that PRP injection was
more efficacious than HA injection in re-
ducing symptoms and improving quality
of life in patients with knee OA.

Stem Cells and Bone Marrow Aspiration
Concentrate

It is important to understand the dif-
ferences between BMAC and stem cells.
Bone marrow aspiration concentrate is a
source of mesenchymal stem cells. Stud-
ies suggest that only 0.001% to 0.01% of
BMAC are stem cells.*® However, BMAC
also offers a rich source of growth factors,
which may synergistically contribute to
chondrogenesis and its anabolic and anti-
inflammatory effect.’!

Stem cell treatment requires bone mar-
row aspiration, isolation of stem cells, and
additional seeding and expansion of the
cells in the lab for 4 to 6 weeks. With this
additional step, there is a possibility of ob-
taining 80 million cells per milliliter (up to
200 million). Recent studies suggest that a
higher concentration of stem cells results
in improved clinical outcomes.’> However,
the optimal dose, frequency, timing, and
number of injections remains unclear.>?

Different sources of stem cells are
available and can be of adult (ASCs) or
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Figure 2: Bone marrow extraction procedure (A). Inoculation of the stem cells (B). Result after centrifuga-

tion of bone marrow aspirate (C).

Figure 3: Arthroscopic image of the right hip
showing microfracture over a cartilage defect.

embryonic (ESCs) origin.>* Recently, in-
duction of pluripotent stem cells (iPSCs)>?
has been suggested as another potential fu-
ture source of stem cells. This comprises
obtaining adult fibroblasts from the skin
and genetically modifying them to become
embryonic stem cells. Adult stem cells can
be obtained from bone marrow, adipose
tissue, and umbilical cord tissue. In con-
trast to ESCs, their use is not restricted
by ethical concerns.®* Cell sources for
cartilage repair may vary in their effects
and drawbacks. Adipose stem cells are
autologous and have a minimally invasive
harvesting, yet their chondrogenic capac-
ity is reduced when compared with bone
marrow—derived mesenchymal stem cells
(BM-MSCs).*¢ Although there is tremen-
dous potential for stem cells, there are still
many questions that need to be answered,
such as the best cell type, best cell source,
autologous vs allogeneic, and how to opti-
mally stimulate the implanted cells.

The role of stem cells in cartilage re-
generation has been suggested to be simi-
lar to the director of an orchestra. It is
believed that stem cells will provide mes-

sengers to the rest of the tissues, which
will respond anabolically, increasing pro-
duction. Recent studies have established
that stem cells have the ability to localize
and participate in the repair of damaged
joint structures.>’

Currently, BM-MSCs are the preferred
cell source because of their chondrogenic
capacity and anti-inflammatory>® and im-
munosuppressive properties.”” They have
been reported to be superior to other
sources of stem cells.®*%! However, US
Food and Drug Administration guide-
lines®? require that cells should be mini-
mally manipulated and used within a short
period of time. This explains the necessity
of injecting BMAC as an optional stem
cell treatment for patients with early OA
in the United States.

The authors’ institution is currently
performing the injection of BMAC for
the treatment of hip early OA with good
clinical results (Figure 2). Patients nor-
mally respond rapidly during the first 2
weeks after injection. The authors believe
this is part of the anti-inflammatory effect
of BMAC. Patients then report improve-
ment 1 month post-inoculation (unpub-
lished data). No adverse effects have been
reported. However, it has been suggested
that a synovitis may occur, which would
normally be observed as tenderness and
pain of the hip joint for 48 to 72 hours.
The authors advocate 1 injection, but a se-
quence of 2 to 3 injections is used in other
institutions.

Davatchi et al®® reported improved
parameters after mesenchymal stem cell
injection in walking time, stair climbing,
patella crepitus, flection contracture, and

VAS pain scores for the first 6 months;
these parameters gradually began to dete-
riorate, but at 5 years they were still better
than at baseline.

SURGICAL TECHNIQUES FOR FOCAL
CHONDRAL LESIONS
Marrow Stimulation and Augmentation

Microfracture. The microfracture tech-
nique has been well described. Existing
outcomes data in hip pathology are equivo-
cal.* Patient selection is the key factor to
achieve good results. Indication parameters
have been extrapolated from knee proce-
dures: patients younger than 40 years, body
mass index less than 30 kg/m?, minimal OA
or Tonnis score 0-1, and focal contained le-
sion size measuring less than 4 cm?.% It is
also important to understand that associated
hip pathology, such as FAI, instability, or
dysplasia, should be treated concomitantly
to prevent future degeneration of the carti-
lage repair.

The goal of this procedure is to bring
bone marrow cells and growth factors into
the cartilage defect.* Recent data suggest
that microdrilling may be a better tech-
nique because it avoids damage to the sub-
chondral plate (Figure 3).9

Philippon et al® reported a series of
9 revision hip arthroscopies after prior
acetabular microfracture. Average time
from index procedure to revision was 20
months. Overall percent fill of the defects
was 91%. Byrd and Jones® performed 58
microfractures in grade IV chondral de-
fects with healthy surrounding cartilage.
Average improvement in modified Harris
Hip Score was 20 points at a mean follow-
up of 16 months. Domb et al®’ recently
reported statistically significant clinical
improvement in patient-reported outcome
scores in 30 patients at a minimum of 2
years after receiving microfracture during
arthroscopic hip surgery.

Microfracture and Augmentation.
The fibrocartilage fill that the microfrac-
ture produces has limited long-term ben-
efit due to its inferior quality.®® Therefore,
biological augmentation implies that new
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technology may achieve better outcomes.
Recent studies suggest that augmentation
with stem cells or BMAC at 6 weeks post-
microfracture could improve cartilage re-
generation.®® In an equine study that evalu-
ated microfracture alone vs microfracture
augmented with 20x10° MSCs, it was
suggested that the stem cell augmentation
enhanced cartilage repair quality with in-
creased aggrecan content and tissue firm-
ness.”

Autologous Matrix-Induced Chondro-
genesis. Autologous matrix-induced chon-
drogenesis is a new approach in which mi-
crofracture is enhanced with the use of a
type I/III collagen matrix (Chondro-Gide;
Geistlich Pharma AG, Wolhusen, Swit-
zerland).”! The advantages of this method
are that it is a single-stage procedure that
does not require harvesting, culture, and
reimplanting of autologous cells and it
can be performed arthroscopically.'® Scant
evidence exists with other procedures
validated for knee cartilage defects, such
as BST-CarGel (Bio-Orthopaedics Divi-
sion, Piramal Life Sciences, Laval, Que-
bec, Canada), which is an aqueous form
of chitosan (glucosamine polysaccharide)
mixed with fresh whole autologous blood,
or BioCartilage (Arthrex, Naples, Florida),
which consists of hypothermic dehydrated
allograft cartilage micronized to particles
of 100 to 300 um mixed with whole blood
and a fibrin glue allowing a stable blood
clot.”

Matrix-Induced Autologous Chon-
drocyte Implantation. Recently described
for the hip, the matrix-induced autologous
chondrocyte implantation (MACI) tech-
nique can be fully performed arthroscopi-
cally. The principle is to culture autologous
cells onto a 3-dimensional biocompat-
ible scaffold, which is then implanted into
the defect.”>’* Basad et al” compared the
MACT procedure with marrow-stimulation
techniques at short-term follow-up (1 to 2
years) and found superior results with the
MACT technique in the knee. Mancini and
Fontana’ compared clinical outcomes of
MACI (n=26) and AMIC (n=31) for the

treatment of acetabular chondral defects (2
and 4 cm?). They suggested that both pro-
cedures yielded comparable results. How-
ever, they concluded that due to its high
sustainability and minimal invasiveness, the
single-stage AMIC procedure can reduce
total treatment time and minimize morbid-
ity while providing the same beneficial ef-
fects as the 2-stage MACI intervention.

Matrix-Associated Stem Cell Trans-
plantation.  Similar to MACI, the
matrix-associated stem cell transplantation
(MAST) technique proposes culturing stem
cells in a monolayer for 28 days. After 28
days of culture, the cells are transferred to
the matrix (Chondro-Gide, Geistlich, Wol-
husen, Switzerland) for 1 week with a non-
differentiated medium, followed by a chon-
drogenic medium for 21 more days. The
matrix can then be implanted arthroscopi-
cally in the area of the defect. An author
(R.M.) reported his results in 15 patients
treated with this technique. All patients
had improved Harris Hip Scores at 2-year
follow-up. No complications were reported.
d-GEMRIC was performed in 4 of these pa-
tients with complete defect filling and inte-
gration with native cartilage (unpublished
data) (Figure 4).

Fresh Osteochondral Allografts. Fresh
osteochondral allografts are suitable for
patients younger than 50 years with large
cartilage defects (>2.5 cm).* A benefit of
this therapy is the possibility to treat large
defects with a single-stage procedure.
Moreover, the use of allograft provides the
patient with hyaline cartilage as opposed
to fibrocartilage.”” Limitations include an
open procedure (controlled hip disloca-
tion) and nonweight bearing for up to 12
weeks postoperatively.”’

A prospective study”’ reported out-
comes of 17 patients treated with fresh os-
teochondral allograft with a mean follow-
up of 41.6 months. Mean Harris Hip Score
was significantly better postoperatively, and
13 patients had fair to good outcomes. One
patient required a repeat allograft, and 3
patients underwent hip replacement.”’ The
authors concluded that fresh osteochondral
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Figure 4: Arthroscopic image of the hip showing
the stem cells seeded in a membrane in an acetab-
ular chondral lesion.

allograft is a reasonable treatment option
for hip cartilage defects in young patients.

Published Randomized Trials Comparing
Treatments

A literature review was performed us-
ing the electronic databases PubMed and
EMBASE from the inception of the data-
bases until June 27, 2015. The search meth-
odology (Boolean operators) used was
the following: ((“hip”[MeSH Terms] OR
“hip”[All Fields])AND (“cartilage”[MeSH
Terms] OR “cartilage”[All Fields])) AND
“randomized controlled trial”’[Publication
Type]. Two reviewers (J.C., C.P-G.) inde-
pendently reviewed the titles and abstracts
to select relevant articles on hip cartilage
treatments (Table).

Comparative outcomes between hip
cartilage repair techniques are difficult
to interpret because of heterogeneity be-
tween study groups. There are also con-
cerns relating to potential conflicts of in-
terest or bias in the literature. Of note, no
surgical procedure study was a random-
ized, controlled trial. Clinically relevant
Level I evidence studies are presented
in the Table. Pavelka et al’® reported no
structure-modifying effect of glycosami-
noglycans in OA of the hip in a 60-month
follow-up study. Similarly, Rozendaal
et al” reported that glycosaminoglycans
was not significantly better than placebo
in reducing symptoms and progression of
hip OA. Qvistgaard et al®® reported that
corticosteroid seems to have a definite,
albeit short-lived, effect in hip OA. How-
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Makarowski et al®!

Quistgaard et al®

Puopolo et al®

Rozendaal et al”®

Fernandes et al®?

Conaghan et al®*

Abbott et al®

sulphuric acid complex

Valdecoxib vs naproxen
vs placebo

HA vs corticosteroid vs
isotonic saline

Etoricoxib vs ibuprofen

Glucosamine sulfate vs
placebo

Supervised exercise (SE) +
patient education (PE) vs
PE alone

Transdermal buprenor-
phine + oral paracetamol
vs an oral codeine-
paracetamol combination

Manual therapy, exercise
therapy, or both

motion, and consumption of
NSAIDs

WOMAC

Pain on walking, VAS

WOMAC + Pain Subscale +
Physical Function Subscale
and PGADS

Kellgren & Lawrence score,
JSW, WOMAC

WOMAC

Box scale-11 pain scale

WOMAC, physical perfor-
mance tests

Table
Randomized, Controlled Trials of Hip Cartilage Treatments
Follow-up,
Study Treatment Outcome Measurement Tool Outcome mo
Pavelka et al”® Glycosaminoglycan poly- JSW, LAI, pain on passive No structure-modifying effect of glycos- 60

aminoglycan in OA of the hip. Radio-
graphic progression of OA in hip OA
lower than expected.

Valdecoxib 5 and 10 mg doses were
similar to naproxen and superior to
placebo

Patients treated with corticosteroids ex- 1.5

perienced significant improvement, with

an effect size indicating a moderate clini-

cal effect. Although a similar significant

result following treatment with HA could

not be shown, the effect size indicated a
small clinical improvement.

Etoricoxib provides superior efficacy vs
placebo and comparable clinical efficacy
vs ibuprofen

Glucosamine sulfate was not signifi- 24
cantly better than placebo in reducing
symptoms and progression of hip OA

No significant difference in pain reduc-
tion over time between PE + SE vs PE
alone

Buprenorphine patches + oral
paracetamol were noninferior to co-
codamol tablets with respect to analgesic
efficacy

Manual physiotherapy provided benefits
over usual care. Exercise physiotherapy

also provided physical performance
benefits over usual care. There was no
added benefit from a combination of the
2 therapies.

Universities Osteoarthritis Index.

Abbreviations: HA, hyaluronic acid; JSW, baseline joint space width; LAI, Lequesne algofunctional index; NSAIDs, nonsteroidal anti-inflammatory
drugs; OA, osteoarthritis; PGADS, patient global assessment of disease status; VAS, visual analog scale; WOMAC, Western Ontario and McMaster

ever, this study could not demonstrate a
3-month effect on hip OA using HA.
Other randomized, controlled trial data
are shown in the Table. Studies of this na-
ture, but with longer follow-up data, will
hopefully guide future care in the field.

CONCLUSION

Treatment of hip cartilage disease is
challenging, and there is no clear algorithm
to address this entity. Biomarkers are aris-
ing as promising diagnostic tools because
they could play a role in the early assess-

ment of the prearthritic joint and as a prog-
nostic factor before and after treatment. A
trend toward a less invasive biological treat-
ment is appearing in the literature. With the
growth of surgical skills in hip arthroscopy,
cartilage restoration techniques are evolv-
ing in a fast and exponential manner. Mid-
and long-term clinical results of these new
techniques in the hip are still unknown.
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