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INTRODUCTION

INTRODUCTION

Femoroacetabular impingement (FAI) is a clinical syndrome recognized as a
source of mechanical hip pain and a cause of secondary osteoarthritis’. There are 2
types of FAI, as described by Ganz et al %, based on bone morphology patterns. The
Cam-type is characterized by an alteration at the femoral head-neck junction, while
the Pincer-type occurs with acetabular alteration, which leads to an abnormal
overcoverage of the femoral head. However, in most of the cases there is a

combination of both conditions, known as mixed-type FAI 2.

Acetabular cartilage damage occurs in association with FAI due to the abnormal
contact throughout the range of motion of the hip, mostly in the anterosuperior area,

leading to chondral delamination and labral tears **

The articular cartilage has a poor intrinsic healing capacity, so several techniques
have been developed to potentiate the cartilage healing and reproduce a new tissue
with structural and biomechanical properties similar to the normal cartilage 56,
Debridement and microfracture , as easily performed and cost-effective techniques,

are considered standard methods for small full-thickness defect ’.

Scaffold augmentation techniques have emerged to enhance the biomechanical
and biochemical properties of cartilage repair tissue after microfracture 810,
Chitosan-based scaffold material has been introduced to the clinical application after
extensive animal studies which showed promising results regarding the histological
and biomechanical properties of the cartilage repair tissue compared to the native

cartilage &
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MORPHOLOGY OF THE NORMAL HIP JOINT

MORPHOLOGY OF THE NORMAL HIP JOINT

Depending on the types of joints, the hip represents a “ball and socket” synovial

joint with the femoral head is a ball which fits into the acetabulum as a deep socket.'?

Acetabulum

The pediatric acetabulum is formed by the confluence of the ilium, ischium, and
pubis with the triradiate cartilage complex, a Y-shaped synchondrosis, at the center
of these bones. according to this pattern of development, a wide variation and

complexity in the acetabular morphology may occur'®.

In normal hips, the acetabulum is anteverted and inclined in abduction '°.

Different studies showed torsional change of anteversion in the caudal part of the

acetabulum to retroversion of the cranial part ' 1",

The acetabular cavity is a horse shoe-like articular surface (lunate surface),
incompletely surrounding a quadrangular non-articular area referred to as the
acetabular (Cotyloid) fossa which occupies the inferior portion of the acetabulum.
The lower third of the fossa is filled with adipose tissue rich in capillaries. At the
inferior border of the acetabular fossa, the acetabular rim forms the acetabular notch

which is covered by the transverse acetabular ligament '*2°.

Proximal femur

The femoral head makes up approximately two-thirds of a sphere, and is oriented
medially, superiorly and anteriorly. On the articular surface, where the lower third
joins the upper thirds, there is a small wrinkled depression called the fovea capitis
femoris that holds the round ligament of the femur (ligamentum teres) which extends

to the inferior acetabular rim 2.

Labrum

The acetabular labrum is a horseshoe-shaped fibrocartilaginous structure
attached to the peripheral bony margin of the acetabulum, with the anterior and

posterior horns are connected inferiorly to the transverse acetabular ligament which
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MORPHOLOGY OF THE NORMAL HIP JOINT

21 The shape and size of the labrum varies gently

completes the ring shape
throughout its circumference being widest anteriorly with average width measured
5.4-7.4 mm, relatively higher than the other points (4.0 to 6.8 mm), while thickness is

maximum superiorly (4.9-5.5 mm) , where maximum weight bearing occurs %%,

Most of the labrum is composed of thick, type | collagen fiber bundles principally
arranged parallel to the acetabular rim?*. Histological examination by Seldes et al %
demonstrated that the labrum merged with the articular hyaline cartilage through a
transition zone of 1 to 2 mm. A consistent thin tongue of bone extended from the
edge of the bony acetabulum into the substance of the labrum with firm attachment
via a zone of calcified cartilage and a well-defined tidemark at the articular side, not

the outer side.

Capsular-ligamentous structures of the hip joint

Proximally, the capsule is attached at a mean 5.1 mm proximal to the bony
acetabular rim, just beyond the labrum, continuous with the periosteum 2°. Distally,
the anterior fibers of the capsule were firmly attached to the femur at the
intertrochanteric line. The posterior fibers of the capsule did not have a direct
osseous distal insertion on the femur; instead, the arcuate fibers of the zona

orbicularis form an arched free border *>2°,

Cadaveric studies showed that the capsule can be differentiated into two layers,
internal and external fibers. The internal fibers run in a circular fashion and are tightly
organized in the middle area to form the zona orbicularis which appears grossly a
collar around the femoral neck, and they are lined by the synovium that touches the
femoral head. The external fibers run longitudinally and are defined anatomically as

the iliofemoral, pubofemoral and ischiofemoral ligaments %2

Blood supply to the hip joint

Collectively, the blood supply to the hip joint comes from internal iliac artery and
femoral artery; however there are specific patterns of vascularization to each

structure in the hip joint 12293031,
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The pelvic surface of the acetabulum receives branches of the iliolumbar artery
which arises from the posterior trunk of the internal iliac artery. From outside the
pelvis, the acetabulum receives the main nutrient branch of the superior gluteal
artery, and multiple nutrient vessels around the margins of the acetabulum form a
complete vascular circle from the obturator, superior gluteal and inferior gluteal
artery. The cotyloid fossa is perforated by a number of small vessels from the

acetabular branch of the obturator artery 323

The blood supply to the femoral head and neck derives from three main arterial
systems: retinacular, foveolar and intraosseous communication with the femoral
shaft ; however it is well accepted that the retinacular arteries are the major source in
all ages ****%_ There are two constant groups of retinacular arteries arise from the
deep branch of medial femoral circumflex artery (MFCA): the superior, or the
posterosuperior, group of arteries which dominantly supply most of the head
including the lateral weight bearing portion and the inferior, or posteroinferior, group
which constantly contribute in vascularity of the head 31, One or, less
frequently, two small arteries of the ligamentum teres “Foveolar vessels” usually
spring from branches of the obturator artery, or from the medial femoral circumflex

artery or from both?':34-36.39.42:43
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STRUCTURE OF ARTICULAR CARTILAGE

Unlike most tissues, articular cartilage does not have blood vessels, nerves, or
lymphatics. It is composed of a dense extracellular matrix (ECM) with a sparse

distribution of highly specialized cells called chondrocytes.
Extracellular Matrix (ECM)

The ECM is principally composed of water, collagen, and proteoglycans, with
other noncollagenous proteins and glycoproteins present in lesser amounts. Water is
the most abundant component of articular cartilage, contributing to 60-80% of its wet
weight ***_ Inorganic ions such as sodium, calcium, chloride, and potassium are

dissolved in the tissue water 4647

Collagen is the most abundant structural macromolecule in ECM, and it makes
up about 15-22% of the wet weight and about 50-80% of the dry weight of cartilage.
Type Il collagen represents 90% to 95% of the collagen in ECM, and other collagen
types are also present with a minor proportion “*°°. Proteoglycans are heavily
glycosylated protein monomers, represent the second-largest group of

macromolecules in the ECM 4950571,
Chondrocytes

The chondrocyte is the resident cell type in articular cartilage functioning in the
development, maintenance, and repair of the ECM. Chondrocytes originate from
mesenchymal stem cells and constitute about 1-2% of the total volume of articular

cartilage “®°2.

Each chondrocyte is entrapped in the chondron, a complex
microanatomical unit containing a heterogeneous mixture of matrix macromolecules.
The pericellular microenvironment produced around each chondron essentially
prevents any migration of the chondrocyte to adjacent areas of cartilage, so rarely to
find cell-to-cell chondrocytes contact. Chondrocytes have limited potential for
replication, a factor that contributes to the limited intrinsic healing capacity of

cartilage in response to injury®>°3.
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Organization of the Articular Cartilage

Four different zones have been identified, located from the articular surface to
subchondral bone: superficial zone, transitional (middle) zone, deep zone, and the

calcified cartilage zone *2.
Superficial (Tangential) zone

The superficial zone is the thinnest (10-20% thickness) and consists of two
layers: the first layer, closest to the articular surface, is acellular and is comprised of
a sheet of fine fibrous material; the second layer consists of flat chondrocytes with
their long axis parallel to the cartilage surface. The collagen fibers are aligned
parallel to the joint surface >*°%°°,

This zone is in contact with synovial fluid and is responsible for most of the tensile
properties of cartilage, which enable it to resist the sheer, tensile, and compressive
forces. The integrity of this layer is essential in the protection and maintenance of

deeper layers *°.

Middle (Transitional) zone

The middle zone provides an anatomic and functional bridge (transitional)
between the superficial and deep zones. The middle zone represents 40% to 60% of
the total cartilage volume, and it contains higher concentration of proteoglycans and
larger diameter of collagen fibrils. In this layer, the collagen is organized obliquely,
and the chondrocytes are spherical and show more synthetic organelles,

endoplasmic reticulum and Golgi membrane than the superficial zone *°°%%°,

Deep zone

The deep zone represents approximately 30% of articular cartilage volume. It
contains the largest diameter collagen fibrils, the highest proteoglycan content, and
the lowest water concentration. The collagen fibrils are arranged perpendicular to the
articular surface. The chondrocytes are typically more round in shape, arranged in
columnar orientation, parallel to the collagen fibers and perpendicular to the joint
line. The deep zone is responsible for providing the greatest amount of resistance to

compressive forces because of the high proteoglycan content and the perpendicular
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orientation of collagen fibrils to the articular surface. The tide mark distinguishes the

deep zone from the calcified cartilage °*°%°°,

A wavy tidemark of basophilic matrix separates the deep zone from the calcified
cartilage zone. Thick collagen bundles of the deep zone cross the tidemark and
insert into the calcified cartilage providing a strong anchoring system for the cartilage

on to the subchondral bone %%,

Calcified cartilage zone

The calcified zone marks the transition from a soft layer to a stiff layer, and plays
an integral role in securing the cartilage to bone. Chondrocytes in this zone are
surrounded by a calcified matrix and have a small volume and a small amount of
intracellular organelles suggesting that they have an extremely low metabolic
activity. Mineral content and thickness of calcified cartilage increase with age and in
osteoarthritis. This zone transfers joint forces from the cartilage to the underlying

subchondral bone through the vertically oriented collagen fibrils %5278,

The subchondral bone is interdigitated with calcified cartilage, except that the
fibers do not extend from the calcified zone to the bone. Subchondral bone can be
classified into two types: the subchondral bone plate, cortical bone; immediately
located below the cartilage with low porosity and vascularity, followed by the
subchondral trabecular bone further beneath, which contains trabeculae oriented in

random directions .
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FEMOROACETABULAR IMPINGEMENT (FAl)

The concept of femoroacetabular impingement (FAI) has been clearly formulated
by professor Ganz and colleagues. they described FAI occurring in the native hip as

a precursor to the development of osteoarthritis 2,

Bony Morphology of FAI

The Femur: Cam FAI

The general character of cam-type deformity is loss of normal sphericity and
obliteration of the normal concavity at the head-neck junction leading to premature

contact with the acetabular rim °°.

Although the exact etiology of a cam-type deformity is not well understood,
suggested causes are bone remodeling, a growth abnormality of the epiphysis, and
consequences of childhood diseases °°°2. The idiopathic cam type deformity has
been thought to occur as an extension of the epiphysis towards the anterosuperior
portion of the femoral neck triggered by environmental factors such as high-level
sports activity during childhood and around the time of closure of the capital growth

plate 60,63,64

Malunion following femoral neck fracture, particularly subcapital and
transcervical, may produce retroversion of the femoral neck potentially giving rise to
a cam-type deformity®>®®. Slipped capital femoral epiphysis (SCFE) is a common
adolescent hip disorder which predisposes to development of cam-type deformity
67.88 | egg-Calve-Perthes Disease leads to femoral head asphericity and hip joint

incongruence.
The Acetabulum: Pincer FAI

Pincer-type FAIl is an abnormal acetabular morphology producing encroachment
of the acetabular rim beyond the motion area of the femoral head. This acetabular
abnormality leads to either a focal or a generalized overcoverage of the femoral
head 2. Retroversion of the cranial part of the acetabulum represents the simple form

of focal anterior overcoverage as the anterior acetabular rim appears more
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prominently lateral to the posterior rim 6970 Global retroversion may involve the
whole acetabulum in the form of dysplasia with deficiency in the posterior wall ’".
Generalized overcoverage occurs in the sever form of pincer-type FAI associated
with coxa profunda and protrusio acetabula. In these conditions, the femoral head is
deeply located in the deepened acetabular socket, and the acetabular rim
circumferentially contact the head-neck junction producing global pincer FAI 897273,
Os acetabuli is an intra-articular osseous fragment originating from the anterolateral

acetabular rim, and it has been reported as a source of pincer-type FAI "¢

Patterns of damage associated with FAI

As the Cam lesion rotates within the acetabular rim, compressive forces and
shear stress at the cartilage-bone interface increase, resulting in delamination of the
chondral surface from the underlying bone and producing the so called 'wave sign'
visible at arthroscopy. The injury progresses when the cartilage fails at the chondro-
labral junction. Loss of continuity at the chondro-labral junction exposes the edge of
the chondral surface to the advancing 'front' of the femoral cam lesion, and result in
the creation of chondral flap tears. As this acetabular cartilage injury enlarges,
reciprocal damage to the femoral head may be induced by contact with the irregular

77,78

acetabular surface leading to the end result of an osteoarthritic hip (Figure 1).

Figure 1: Diagram of the mechanism of damage in cam impingement (Republished with permission of
British Editorial Society of Bone & Joint Surgery from Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology
influences the pattern of damage to the acetabular cartilage. Femoroacetabular Impingement As A Cause Of
Early Osteoarthritis Of The Hip. J Bone Jt Surg [Br]. 2005;87(7):1012-1018; permission conveyed through
Copyright Clearance Center,inc.).
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Hips with pincer-type deformities exhibit a different pattern of cartilage injury. The
area of abutment between the femoral neck and acetabular rim is more
circumferential and peripheral; so the compressive forces are limited to a narrow
streak along the acetabular rim only. Frequent impactions during flexion produce a
narrow band of malacia along the anterosuperior rim. The point of anterosuperior

contact serves as a fulcrum by which the head of the femur is elevated out of the

acetabulum and impacts against posteroinferior region of the acetabulum producing
79,80

a contre-coup cartilage lesion (Figure 2).

Figure 2: Diagram of the mechanism of damage in pincer impingement (Republished with permission of
British Editorial Society of Bone & Joint Surgery from Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology
influences the pattern of damage to the acetabular cartilage. Femoroacetabular Impingement As A Cause Of
Early Osteoarthritis Of The Hip. J Bone Jt Surg [Br]. 2005;87(7):1012-1018; permission conveyed through

Copyright Clearance Center,Inc.).

When impingement occurs at the anterosuperior rim and further flexion is
enforced, the femoral head begins to translate posteriorly and, because of the
constrained nature of the hip, increased pressure between the posteromedial aspect
of the femoral head and the posteroinferior acetabulum occurs. This “contre-coup”
lesion was observed in the cartilage of femoral head in 62% and in the

posteroinferior acetabulum in 31% *°.

Grading systems

The Outerbridge "2 (Table 1) and Beck et al " (Table 2)°*®, grading systems
have been established to introduce a quantitative and qualitative evaluation for the
actual condition of the articular cartilage at a certain time, providing a guide for

management and proper method for follow-up .
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Table 1: The Outerbridge classification system

Grade Description

Grade 1 Cartilage softening and swelling

Grade 2 Fragmentation and fissuring in an area < %2 an inch in diameter
Grade 3 Fragmentation and fissuring in an area > % an inch in diameter
Grade 4 Erosion of cartilage down to bone

Table 2: Beck’s modified classification system of acetabular chondral defects

Grade Description Criteria

Grade 0 Normal Macroscopically sound cartilage

Grade 1 Malacia Roughening of surface, fibrillation

Grade 2 Debonding Loss of fixation to the subchondral bone, macroscopically sound
cartilage; carpet phenomenon

Grade 3 Cleavage Loss of fixation to the subchondral bone; frayed edges, thinning of
the cartilage, flap

Grade 4 Defect Full-thickness defect

Localizing the site of the injury

The clock-face method has long been used as the standard for describing the
anatomical features and, later, for the intra-articular hip pathology on the acetabulum
and the acetabular rim?%%*>®_ When used adequately, it places the 6-0’clock position
at the center of the transvers acetabular ligament and the 12-o’clock position on the
most lateral aspect of the rim opposite to the 6-o’clock position %7978 | the case
of a right hip, the anterior acetabulum is located between 1 and 5 o’clock; while for a

left hip, the anterior acetabulum is located between 7 and 11 o’clock.

llizaliturri et al.®® developed an alternative method to divide the acetabulum into 6
different zones based on anatomic landmark, the acetabular fossa, clearly visible
during arthroscopy. Two vertical imaginary lines that follow the anterior and posterior
limits of the acetabular fossa divide the acetabulum into 3 sections. A horizontal line
perpendicular to the previous lines is placed at the superior limit of the fossa dividing
the acetabulum into a superior and inferior half. The resulting 6 zones are given
numbers as shown in Figure 3. They applied same system to the femoral head with
considering the area around the ligamentum teres corresponds to the acetabular
fossa, and the same imaginary lines are then positioned on the femoral head
following the same pattern used for the acetabulum. On the head, zones 2, 3, and 4
are subdivided into medial, superior, and lateral referring to the covering of the

[13]
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femoral head in a neutral position (Figure 3). The numbers assigned for acetabular

and head zones are the same for right as well as left hip.

Figure 3: The acetabular zones are to the left and the femoral head is to the right of the picture
(Reprinted from llizaliturri VM, Byrd JWTT, Sampson TG, et al. A Geographic Zone Method to Describe Intra-
articular Pathology in Hip Arthroscopy: Cadaveric Study and Preliminary Report. Arthroscopy.2008;24(5):534-
539.,Copyright 2008 ,with permission from Elsevier).

Cartilage imaging

Detection of chondral defects in the hip joint is particularly difficult on MRI due to
the curved, tightly opposed surfaces of the acetabulum and head, and the relatively

thin cartilage over both surfaces %',

Intra-articular injection of contrast fluid distends the joint, and then acetabular
chondral delamination can be clearly seen as elongated high signal interposed
between the subchondral plate and the overlying cartilage. Cartilage flap can also
appear as inverted “Oreo” cookie sign when low signal cartilage flap is “sandwiched”
between two high signals, the deep contrast high signal and the superficial joint
fluid®”.

The biochemical imaging of dGEMRIC is specified for quantitative analysis of the
articular cartilage, it allows measuring the GAG concentration indirectly in cartilage,
however the long imaging time needed by the technique and the contrast-related
systemic side effects limit its clinical applicability ®. T2 mapping offers another

quantitative method to detect subtle cartilage changes without applying contrast
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material. This imaging technique can detect any alteration of cartilage water content
and collagen fiber orientation. T2 mapping assesses the degree of loss of collagen
fiber orientation and subsequent increased mobility of water in the matrix®*°.
Beside the safety of avoiding contrast injection and the advantage of faster scanning
time, T2 mapping has been recommended for evaluation of cartilage repair because

of its ability to estimate the restoration of articular zonal structure %<’

Arthroscopic Treatment of FAI

The goals of FAI surgery are to eliminate the pathologic contact between the
femoral head and neck and the acetabular rim, to alleviate impingement symptoms,

and to prevent further damage to the labrum and cartilage &’.

Rim trimming for pincer impingement: Acetabuloplasty

The goal should be to remove excessive overcoverage and leave a Wiberg angle
of at least 25°. On the other hand, if there is acetabular retroversion, resection of too

much anterior rim to eliminate a crossover sign could result in iatrogenic instability
87,98,99

Preservation of the labrum is preferred whenever possible, but if labral
degeneration is extensive or labral damage is not salvageable, then it should be

managed with simple debridement 9100102

. If a large resection is planned such that
the articular cartilage becomes redundant, a labral takedown should be performed to
remove cartilage overlying the rim. If the planned resection is small, the rim trimming

is performed without labral takedown®’.

Treatment of associated cartilage damage

The management of damage to articular cartilage is a significant challenge owing to
the very limited ability of the cartilage to heal. Various methods of treatment have
been described, but the first step is the proper assessment of the extent and depth of

the lesion 1031%°,

Chondroplasty:

Partial-thickness defects are generally treated with chondroplasty, involving

debridement of the defect to remove any damaged cartilage and create a smooth
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surface. The chondroplasty should be performed carefully with a full radius shaver
with or without arthroscopic biters 7195 Thermal chondroplasty has been described
to have advantages of sealing of the fibrillation, and stabilizing the edges of lesions

and decreasing the risk of propagation to a full-thickness lesion %%,

Microfracture:

Microfracture technique depends on bone marrow stimulation by penetration of
the subchondral bone plate within the cartilage defect which leads to bleeding and
subsequent fibrin clot formation, filling the defect and covering the exposed bony
surface. Pluripotent, marrow-derived mesenchymal stem cells then migrate into the
clot and promote the formation of a fibrocartilaginous repair tissue >°*'%. The
calcified cartilage layer should be adequately removed while maintaining the integrity

of the subchondral plate to make a rough, raw surface that can hold the clot '%°.
Scaffold augmentation:

The resulting repair of microfracture is typically fibrocartilaginous or fibrous tissue
types with weak biomechanical properties and reduced wear capacity compared to
hyaline cartilage, which contains high levels of collagen type Il and
glycosaminoglycans (GAGs). When the defect is large in size, the fibrocartilage

repair patch tends to shrink over time and separates from the surrounding *'°.

Different scaffold materials, such as poly-glycolic acid (PGA)/ hyaluronan,
chitosan-glycerol phosphate blood and chondroitin sulfate/hydrogel composites,
have been studied in animal trials and showed a significant improvement in the
mechanical properties of repair tissue '". Clinical trials of chitosan-based scaffold
for treating chondral defects in the femoral condyle of human knees demonstrated
adequate safety for clinical practice, and presented favorable histological and

functional results "'"112,

The surgical technique of application of chitosan-based scaffold in the hip has
been described by Tey et al '*®. The authors recommend the technique for isolated
full-thickness acetabular defects larger than 2cm? after adequate debridement and

microfracture based on Steadmann’s method.
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FEMOROACETABULAR IMPINGEMENT (FAI)

Treatment of Cam Impingement: Femoroplasty

Adequate visualization of the cam lesion within the peripheral compartment is
essential, therefore a T-shaped capsulotomy is recommended, and the fluoroscopy

is frequently used during the procedure %1415,

The lateral and medial synovial folds should be identified as the arthroscopic
landmarks for the retinacular vessels, approximately at 12 and 5:30 o’clock position
respectively , and care must be taken to preserve these structures which are

considered the limits during resection %8:99114.116,
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AIM OF THE WORK

AIM OF THE WORK

The purpose of this work was to evaluate the mid-term results of using the
chitosan-based scaffold material with bone marrow stimulation for treatment of large
full-thickness acetabular chondral defects associated with femoroacetabular

impingement (FAI) in young active patients.

The plan was to perform a full correction of the FAI components, and specifically
treat the large full-thickness acetabular chondral defects by chitosan based scaffold
material after microfracture through a single-stage arthroscopic surgery. The quality
of cartilage repair was evaluated by specific biochemical techniques of magnetic

resonance imaging (MRI) after minimum 2 years.
We hypothesized that the performed procedures can achieve the following:

e Correction of the Cam and Pincer morphologies and consequently restoration of
the normal biomechanics of the hip joint can improve the patients’ symptoms
and hip functions over the early postoperative period.

e Proper treatment of the cartilage defects will be reflected on the clinical
outcomes after 2 years, so the patient reported outcome scores will maintain
increased over the baseline at the mid-term follow-up.

e MRI studies will show favorable interpretation of the cartilage-specific T2 values
of the repair tissue in comparison to the native articular cartilage of the same

joint.
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MATERIAL AND METHODS

This work was conducted in the orthopedic department of university hospitals of
Universitat Autonoma de Barcelona (Parc de Salut Mar and Hospital Universitari
Dexeus) during the period from April 2015 to April 2018.

Population of the study

This study was concerned in the young active patients who were diagnosed to
have femoroacetabular impingement (FAI) associated with acetabular chondral
lesion. Diagnosis of the condition was performed clinically and confirmed by

radiological investigation.
Clinical diagnosis

Groin pain during hip motion was considered the primary presentation for FAI. The
C-sign for localizing the pain around the affected hip was considered the main
symptom, however lateral and posterior locations were not excluded. Other
mechanical symptoms, such as clicking or catching of the hip, were suggestive for

unstable intra-articular injury as labral or chondral lesion.

Physical examination included gait testing to detect abnormal gait patterns such
as the abductor-deficient gait or antalgic gait, excessive internal or external rotation,
short leg limp, and abnormal foot progression. Trendelenburg test and
measurements of the limb length were performed

Range of motion (ROM) was examined actively then passively with comparison
between both sides. Internal and external rotation ROM were performed passively in
a supine position with the hip flexed at 90° and with the hip extended, performed in a
prone position.

The following Provocative Tests were performed: Impingement test,
Decompression test, Flexion/Adduction/Internal Rotation (FADIR),
Flexion/Abduction/External  Rotation (FABER), Dynamic Internal Rotatory
Impingement Test (DIRI), Dynamic External Rotatory Impingement Test (DEXRI),
and Dial Test.
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Radiological diagnosis:
Plain X-ray:
Views:
e Standard anteroposterior (AP) view of the pelvis and both hips
e Dunn lateral view of both hips (performed with hip flexion of 45° and abduction
of 20°). Cross-table or frog-leg lateral views were also used.
Cam deformity was diagnosed by:

e Measuring the alpha angle > 55° in the Dunn lateral view (Figure 4A).

e Head-Neck offset < 10mm in the Dunn lateral view (Figure 4B).

Figure 4: detailed radiograph of left hip in Dunn 45° view showing, A. measurement of the alpha
angle (68°), and B. measurement of the H-N offset (4.8mm)

Pincer deformity was diagnosed by:
e Cross-over sign: (Figure 5A).
e Posterior wall sign (Figure 5 C).
e Ischial spine sign (Figure 5 C).
e Os acetabuli: (Figure 5 D).

e Coxa profunda, (Figure 5 B) or protrusio acetabuli

» Acetabular dysplasia was excluded if :
e Lateral Center edge (LCE) angle of Wiberg < 25° (Figure 6 A)

e Acetabular index of Tonnis > 10° (Figure 6 B)
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Figure 5: plain X-rays of AP views of pelvis and both hips showing; A. cross-over sign in both sides,
B. bilateral coxa profunda, C. posterior wall sign and ischial spine sign, and D. os acetabuli in the right
hip.

Figure 6: detailed radiograph of right hip in AP view of the pelvis showing; A. LCE angle 19°, B.
acetabular index angle 18.4°
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» Osteoarthritis (OA) was excluded according
to Tonnis classification:
e Tonnis Grade 0: No signs of OA
e Grade 1: Increased sclerosis, slight
narrowing of the joint space (Figure 7)
e Grade 2: Small cysts, moderate
narrowing of the joint space, loss of

head sphericity

e Grade 3: Large cysts, severe narrowing

or obliteration of the joint space, severe Figure 7: detailed radiograph of right hip in

deformity of the head

narrowing of the lateral joint space

Magnetic Resonance Arthrography (MRA):
All cases were investigated by MRA for

e Detection of labral lesion (Figure 8 A)
e Detection of chondral lesion identifying its location (Figure 8 B).

e Excluding other pathologies such as AVN of femoral head or intra-articular loose

bodies.

Figure 8: MRA images of the right hip; A. axial cut illustrating labral tear in the anterior zone, B.
sagittal cut illustrating a chondral defect in the anterosuperior area

(23]

AP view of the pelvis showing Tonnis grade 1;



MATERIAL AND METHODS

Selection of subjects

Criteria of inclusion:
¢ Clinical and radiological evidence of FAI (Cam, pincer or mixed)

e Age between 18 and 55 years

Criteria of exclusion:
e Osteoarthritis with Tonnis grade > 1 and/or joint space <2 mm.
e Radiological evidence of hip dysplasia
e Inflammatory joint disease

e Previous history of operation or significant trauma to the hip of interest.

Patients with FAI were included in the study according to the criteria of selection
after taking a written informed consent from all participants and approval of the
Ethical Committee of Clinical Research. Included patients were operated by hip
arthroscopy techniques for treatment of the FAIl and the associated acetabular
chondral lesion and labral tear. Patients were considered as a subject after
arthroscopic assessment of the acetabular cartilage which was classified according

to Outerbridge system and Beck’s system.

All of the patients were asked to fill the following questionnaires and functional

scores before the operation (Appendix):

e Non Arthritic Hip Score (NAHS)

e The 33-items International Hip outcome Tool (iIHOT-33)

e Hip Outcome Score of both subscales; Activities of Daily Living (HOS-ADL)
and Sports Specific Scale (HOS-sports).

Surgical procedure

Anesthesia:

General anesthesia with adjuvant lumbar plexus block was standardized for all
patients undergoing hip arthroscopy. Preoperative single dose of antibiotic (cefazolin

1g) was routinely given to the patients.
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Position and preparation:

After anesthesia, the patient was placed in supine position with both feet
securely mounted on the traction table and a large well-padded perineal post was
fixed medial to the operated hip. Maximal traction was applied to the operated side in
abduction then adduction against the large perineal post produces effective

separation of the joint distally and laterally (Figure 9 A).

When the ability to distract the hip joint was confirmed, the traction was released,
the hip was then prepped and draped, and traction was reapplied when ready to
begin arthroscopy. The operating site, from the iliac crest to the mid-thigh, anteriorly,
laterally, and posteriorly, was sterilized and draped (Figure 9 B) and then setup of
the arthroscopy equipment and fluoroscopy were prepared. The hip is adducted,
internally rotated and flexed up to 20° to relax the iliofemoral ligament and facilitate

distraction.

Portals placement and joint access:

The main difference among available techniques is the sequence of hip
compartment access, which governs the choice of portals. As preferred in our work,
central compartment (CC) was accessed first for management of the intraarticular

lesions then the peripheral compartment (PC) for femoroplasty.

The anterolateral portal (ALP):

An 18-gauge arthroscopy needle (cannulated needle) was placed on the skin of
the patient to approximate the trajectory into the joint under fluoroscopic guidance.
The anterolateral portal was established by inserting the needle 1 cm anterior and 1
cm superior to the tip of the greater trochanter towards the articular space until the
capsule resistance passed, then nitinol wire was inserted through the needle hole till
the acetabular fossa is touched and confirmed by fluoroscopic image. Air was
injected to separate the labrum from the capsule then the needle was withdrawn and

reinserted to avoid injury to the labrum (Figure 10 A&B).

A small entry incision was done then the portal in the capsule was progressively
dilated by serial obturators with diameters 4.0, 4.5 and 5.0 mm which were advanced
over the nitinol wire. Once the capsule was breached by the 5.0-mm cannula and

obturator, a 70° arthroscope is inserted through the anterolateral portal. Then, with
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direct visualization established, diagnostic arthroscopy and additional portal

placement could be performed.

The mid-anterior portal (MAP):

The mid-anterior portal (MAP) is safe to the lateral femoral cutaneous nerve, so it
was preferred in our work rather than the anterior portal (AP). Placement of the
needle into the joint was guided by direct arthroscopic vision from the anterolateral
portal (Figure 11 A&B). The third portal, the distal anterolateral accessory portal
(DALP), was occasionally established to facilitate the management of the peripheral
compartment. The ALP and MAP were connected together by sharp arthroscopy
knife making an interportal capsulotomy (parallel and within 5 mm distal to the

labrum) which facilitated the manipulation of instruments.

A

Figure 9: A, position of the patient and operating room equipment. B, sterilization and draping of
the operating site on the left hip

Figure 10: fluoroscopic pictures of the left hip. A, air was injected to separate the capsule from
the labrum. B, the needle was withdrawn and reinserted to minimize injury to the labrum.
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Capsule

Femoral
Head

Figure 11: A, picture of left hip showing placement of the MAP from the skin. B, arthroscopic view
of the left hip from the ALP showing the needle passing between the labrum and the femoral head

Diagnostic Arthroscopy:

Inspection began from the anterolateral portal by using the 70°scope, which
provided the best view of the anterior portion of the joint. Next, the arthroscope was
placed in the mid-anterior portal. Viewing laterally, the entry site of the anterolateral
portal was checked, because this portal was placed with only fluoroscopic guidance,
so there was a risk of labral penetration. Viewing medially from the mid-anterior

portal, the most inferior limit of the anterior labrum could be seen.
Management of the labrum:

The labrum was evaluated to determine the appropriate treatment considering the
size and condition of the labral tissue (Figure 12 A). For a bruised labrum without
tear, treatment of the impingement by femoroplasty was thought to prevent further
damage. When the labrum was detached, repair was required. The labrum was
debrided of fraying and unhealthy tissue, leaving as much viable tissue as possible

for secure repair and preservation of the function.

Once the decision was made to repair the labrum, the acetabular rim had to be
prepared. The acetabular rim was exposed using a mechanical shaver and thermal
ablator between the capsule and the labrum (opening the capsule-labral space), and
then the rim was trimmed using a 4.5 or 5 mm bone burr (Figure 12 B). The rim

trimming was completed using both portals (ALP and MAP).
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Following adequate rim resection for mixed cases or just trimming for cam cases, the
labrum was reattached to the acetabular bone using 1.4-1.7 mm suture anchors. The
distance between anchors was 5-10 mm depending on the size of the torn segment.
The anchors were placed 2 to 3 mm beyond the cartilage margin with an angle of
placement adjusted to avoid penetrating the articular surface inside or the outer
cortex on the acetabulum on the other side. Sutures were placed around the labrum
in a loop fashion or passed through the labrum in a piercing (translabral) fashion
based on the quality of the labral tissue. Translabral sutures were the standard in our
work but when the labrum was hypotrophic or seriously damaged, sutures were
placed around the labrum in a loop fashion. The knots were fastened on the capsular

side to avoid friction with the adjacent cartilage (Figure 12 C).

¢ L: & £
‘Acetabular
cartilage.

50 CES

Figure 12: Arthroscopic views of the left hip from the AL portal showing: A. labral tear in the
anterolateral area, B. preparation of the acetabular rim, C. reinsertion of the labrum by translabral

sutures and restoration of the labral sealing on the head.

Acetabuloplasty:

Acetabuloplasty was required in patients with pincer impingement. The size of the
burred-down area from the acetabular rim, both in length and in depth, depended on
the degree of anterosuperior bony coverage. Acetabuloplasty was performed by
estimating that 1 mm of bone resection results in about 1° of correction and by taking
care not to decrease the lateral center edge angle of Wiberg below 25°.

The area of bone resection was exposed by using the mechanical shaver and
thermal ablator taking into account three reference points: the psoas valley (most
medial point) as the medial limit of resection, the lateral edge of the acetabulum, and
the anterior inferior iliac spine as the superior limit of bone resection (Figure 13

A&B). Fluoroscopy was used frequently to control the acetabuloplasty. The 30°
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arthroscope was utilized to obtain a direct tunnel view during the stage of rim

resection. After bone resection, the labrum was reattached as mentioned before.

Figure 13: Arthroscopic view of the right hip from the AL portal using the 30° scope showing: A.
exposure of the acetabular bone by thermal ablation, B. resection of the acetabular rim by 4.5mm
bone burr. (AlIS: anterior inferior iliac spine)

Management of the cartilage lesion:

The acetabular cartilage was classified according to Outerbridge and the Beck’s

systems. While considering the condition of the acetabular cartilage and size of the

lesion, the method of treatment was specified as following (Figure 14 A-D):

Patients with normal acetabular cartilage (Outerbridge 0 and Beck’s 0) did not
require specific cartilage treatment.

Patients with partial thickness acetabular cartilage lesion (Outerbridge I-llI
and Beck’s I, Il) required superficial debridement to the fibrillated or unstable
parts without exposure of the subchondral bone.

Patients with small full-thickness acetabular cartilage defect < 2 cm?
(Outerbridge Grade IV and Beck’s lll, IV) were treated by full debridement and
microfracture only.

Patients with large full-thickness acetabular cartilage defects = 2 cm? after
debridement received augmentation of the microfracture by chitosan-based
scaffold material (BST CarGel®; from Piramal Life Sciences, Quebec, Canada

, provided by Smith & Nephew).
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Visualization was predominantly obtained from the anterolateral portal with the mid-
anterior portal being used for instrument passage and performing the microfracture.

For more superolateral lesions of the acetabulum, the portals were exchanged.

Full debridement of the full-thickness defects was performed using the shaver;
loose flaps and portions of delaminated cartilage were removed. A ring curette was
then used to create stable borders and to remove the calcified layer. Arthroscopic
microfracture awls with 40°, 60° and 90° tips were used perpendicular to the
exposed subchondral bone and advanced with a mallet. Multiple holes were made
with depth of 2-3mm and interval of 3-4 mm distance until covering the entire defect
(Figure 16). The size of the lesion was measured using a calibrated probe in cm?
and the location was identified according to the geographic description based on the

6 anatomical zones done by llizaliturri et al (Figure 15)%.

~ Acetabu

R )

Figure 14: Arthroscopic views of different grades of the acetabular cartilage; A. right hip with normal
cartilage, B. left hip with partial thickness lesion, C. right hip with small full-thickness lesion, D. left hip
with large full-thickness lesion after debridement and microfracture.
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Figure 15: The geographic acetabular
zones (Reprinted from llizaliturri VM, Byrd
JWTT, Sampson TG, et al. A Geographic
) 3 4 4 3 2 Zone Method to Describe Intra-articular
Pathology in Hip Arthroscopy: Cadaveric
Study and Preliminary Report.
Arthroscopy.2008;24(5):5634-539., Copyright
2008, with permission from Elsevier).

In case of cartilage defect = 2 cm? the defect was covered with the chitosan-
based scaffold (BST CarGel®) for augmentation of the repair tissue. According to the
sequence of work, application of the BST CarGel® material was the final step before
closure of the capsule, so after performing the microfracture the traction of the limb is
released then access to the peripheral compartment was done for management of
the Cam deformity. Then traction was reapplied again and all fluid inside the joint
was drained and the lesion surface was dried using swabs. BST CarGel® was
prepared according to the manufacturer’s instructions, the mixture was then
delivered in a drop-wise manner using large bent 18-gauge needle making layer by
layer until the defect was covered (Figure 17). The implant was left in place for 15

minutes for consolidation then traction was released.

Access to the peripheral compartment:

After management of the intraarticular lesions, traction of the limb is released and
the hip is flexed to 40 degrees to relax the anterior capsule and facilitate
management of the peripheral compartment. For better visualization and easier
manipulation, the capsulotomy is extended from the middle of the interportal incision
distally parallel to the neck until the zona orbicularis (T-capsulotomy) with application
of two stay sutures at the angles of the capsular flaps, then sutures were retrieved
outside the portals then traction is applied on them for enhanced visualization
(Figure 18 A&B). The distal anterolateral accessory portal (DALP) is commonly

used for working in the peripheral compartment.

Resection of the Cam deformity (Femoroplasty):
Once the lesion was identified, resection of this lesion was carried out using a 5.5
mm high-speed arthroscopic burr until the cam lesion was adequately resected
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(Figure 18 C). To achieve adequate evaluation of the procedure, we used both

direct visualization and fluoroscopy.

Figure 16: arthroscopic views of the left hip showing the technique of microfracture; A. the 60° awl is
directed perpendicular to the surface, B. the defect is covered with holes.

Figure 17: arthroscopic views of the right hip from the AL portal showing the technique of scaffold
augmentation; A. the acetabular defect after debridement and microfracture, B. the surface is dried
with swabs, C. the BST CarGel mixture is delivered by a needle in a drop-wise manner to fill the
defect.

Figure 18: arthroscopic views of the left hip from the AL portal showing, A. a knife making the
longitudinal incision of T-capsulotomy, B. open peripheral compartmant exposing the Cam deformity,
C. restoration of the normal contour of the head-neck junction after femoroplasty.
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The hip was held in neutral rotation and 40° of flexion to reproduce a Dunn lateral
view. The position allowed some degrees of hip external and internal rotation for
circumferential imaging of the head-neck junction. The femoroplasty began with the
scope in the mid-anterior portal and the burr in the anterolateral portal. This
technique was preferred for the portions of the cam lesion that extend very laterally,
then the burr can be placed in the distal anterolateral accessory portal (DALP) with
the scope placed in either the mid-anterior portal or the anterolateral portal for final
configuration. The medial and lateral synovial folds were considered the anatomical
limits for femoroplasty to preserve the medial and lateral retinacular vessels and
protect the vascularity of femoral head (Figure 19 A). A dynamic examination was
performed to assess any residual impingement through the hip motion with viewing
from different planes, and then the capsule was closed by 2-4 sutures with attempt to
repair both the longitudinal and the interportal incisions for complete closure as much

as possible (Figure 19 B). Finally, skin portals were closed by simple stitches.

Figure 19: arthroscopic views of the left hip from the M-A Portal showing, A. the lateral synovial fold
and retinacular arteries, B. closure of the capsulotomy incisions

Postoperative Rehabilitation

From the first day, the patients were encouraged to do continuous passive motion
through a limited arc aided by simple analgesics to avoid the formation of adhesions.
Patients were asked to ambulate with partial weight-bearing assisted by crutches for
3 weeks to avoid the risk of neck fracture after femoroplasty, and this period was

prolonged to 6 weeks if the patient was treated for full thickness cartilage lesion
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(microfracture £ BST CarGel®). The main objective during the first 6 weeks was
restoration of full range of movement then activity was allowed to be increased
gradually as patients tolerated. Patients with full-thickness chondral defects received
a protective rehabilitation protocol; low-contact physical activities could be allowed in
the third month, whereas high-impact and twisting movements were avoided during
the first 6 months after surgery. It wasn’t feasible to ensure applying a formal
physiotherapy protocol for all patients; however the previous points were precisely

followed.

Postoperative follow-up

The follow up visits were scheduled at 6 weeks, 3, 6 and 12 months, then every
year. The patients were evaluated regarding the pain, ROM and signs of
impingement. Postoperative radiographs were obtained at 3 months for assessment
of correction in alpha angle and the acetabular resection. Non Arthritic Hip Score
(NAHS), International Hip outcome Tool 33 (iHOT-33), Hip Outcome Score of both
subscales; Activities of Daily Living (HOS-ADL) and Sports Specific Scale (HOS-
sports) were collected during the visits before and after the procedure. We planned
to assess the mid-term functional outcomes of cartilage management, so the scores
were collected at 12 and 24 months follow-up. Clinical outcomes were collected by

direct visits (hard copies), emails, and telephone contact applications.

Radiological evaluation has been performed by obtaining the plain X-ray images
after 3 months of surgery to re-measure the radiographic parameters of FAI. Alpha
angle and Head-Neck offset were measured to assess the correction of Cam
deformity, while LCE angle and Ténnis angle were measured for pincer correction.

After 24 months of the surgery, the patients have been referred for MRI
investigation of the cartilage repair. MRI studies were performed with a 1.5-T magnet
(Achieva; Philips; Netherland) including the following sequences: Axial fast-spin-
echo (FSE) T2-weighted with fat saturation, Axial oblique FSE T1-weighted with fat
saturation, coronal FSE T2-weighted, sagittal FSE T2-weighted with fat saturation
and sagittal fast spin-echo T1-weighted. MRI follow-up consisted of the T2 mapping
and recording the T2 values of the cartilage repair tissue in comparison to the values

of the healthy articular cartilage from the same joint. For every patient, 9 regions of
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interest (ROIs) were localized manually at the acetabular articular cartilage of 3
consecutive sagittal slices including the area of repair. In each sagittal slice, two
ROls have been carefully drawn at different sites in the repair area anteriorly guided
by reviewing the previously obtained preoperative MRA images and arthroscopic
pictures, one of them close to the chondrolabral junction and the second one was
more central. The third ROI was located at the apparently healthy posterior cartilage
as a control for comparison with the repair area. The T2 values from these ROls

were recorded and statistically analyzed.
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RESULTS

Twenty three patients fulfilled the criteria of inclusion and minimum 2 years of
follow up in this study; 18 male and 5 female. Demographic data including age, BMI,

Tegner sports level, and duration of symptoms are summarized in the Table 3.

Age Symptom
( egrs) BMI (kg/m®) | Tegner level Period
y (months)
MeantSD 4097 23.8+2 6+1.5 32+10.4
Range 25-54 20-27 3-10 10-38

Table 3: Demographic data

Radiological measures (preoperative):

Assessment of the preoperative plain radiographs is presented in the following table
(Table 4).

Alpha angle | H-N Offset | Acetab. Index LCE angle
preop preop preop preop

Mean+ SD 70.616.9 5.7x1.4 9.4+1.9 30.2+3.6
Range 58-80 39 5-13 25-38

Table 4: Preoperative radiographic measures of the total population

Positive cross-over sign was observed in 8 cases (32%). Also the radiographic
features of osteoarthritis were studied; 12 cases (48%) had Tonnis grade 0 and 13
cases (52%) had Tonnis grade 1. Magnetic resonance arthrography (MRA) studies
demonstrated findings suggestive of labral tear in all cases (100%) and chondral
damage in 18 cases (72%) of the total population. The parameters were recorded as

positive or negative based on the report of the radiologist.

Intraoperative findings:

The clinical study included 15 cases (65 %) of Cam-Type FAI, 8 cases (35%) of
Mixed-Type FAI. All patients were included with acetabular chondral lesion and had

a defect size 3.5+1 cm? (mean + SD). Zone 2 was involved in all of the cases; 13
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cases extended to zone 3, two cases extended to zone 1, and 8 cases confined to
zone 2. Labrum was torn in all of the patients in the same zones corresponding to
the cartilage lesion. Three patients had associated chondral lesion in the femoral
head; one of them had Outerbridge grade Il lesion in zone 2 and has been treated by
debridement only, while the other two cases had grade VI lesions in zone 2 and 3,
and have been treated by microfracture and filling with the same preparation of

chitosan-based scaffold.

Clinical outcomes:

According to the preoperative evaluation, the values of the preoperative PROs
(meant SD) were 55.2 £13.4 for NAHS, 43.1 +14 for iHOT33, 59.7 £14.1 for HOS-
ADL, and 30.9 £13.9 for HOS-SSS.

The immediate postoperative period showed normal recovery for all of the patients
without important clinical incidents. For the patients who improved with the
intervention, we observed satisfactory rehabilitation progress; disappearance of the
preoperative pain, full ROM, and negative tests of impingement until the last visit.
One patient developed periarticular muscular pain and stiffness which improved after
6 months of continuous physiotherapy. Three patients had had postoperative
perineal hypoesthesia which recovered spontaneously within 2-6 weeks. One patient

needed total hip arthroplasty after 2 years of the intervention.

The mean follow up of the patients was 38.4+7 months. Twenty one patients
reported improvement in the functional scores within first 12 months and maintained
their achieved scores through the subsequent period of follow up. Two patients
showed no significant change from their baseline levels; one of them was 54 years
old with radiological image of mild osteoarthritis (Tonnis 1), with associated chondral
lesion (grade IV) in the femoral head and finally needed total hip arthroplasty
because of the limiting pain. The other one was 38 years old, Tonnis 1, with
acetabular chondral defect 6 cm?. At 12th month, postoperative functional scores,
and the functional scores obtained at the endpoint of the study (Table 5)

Interestingly, there were two male patients who had associated chondral defect
(grade 1V) in the femoral head and radiological image of mild osteoarthritis (Tonnis
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1); one of them, 54 years old, had 24-months post- versus preoperative NAHS 41.3
vs 39, iIHOT33 34 vs 30, HOS-ADL 45.8 vs 47, and HOS-SSS 5.5 vs 7 and finally
needed total hip arthroplasty at 2 years because of limiting pain. The other patient,
49 years old; had 24-months post- versus preoperative NAHS 87 vs 53, iHOT33 93
vs 61, HOS-ADL 100 vs 72, and HOS-SSS 95 vs 24.

Preoperative 12 months follow-up End-point follow-up
NAHS :
meanz SD 55.2+13.4 81.9£13.6 p=0.00001 85.6+14.5 p=0.13
range 23.7-78.7 41.3-98.7 41.3-100
iHOT 33 :
meanz SD 43.1£14 72.6+16.6 p=0.00004 78.5£15.6 p=0.02
range 10.8-65.4 34-96.7 34-97.6
HOS-ADL :
meanz SD 59.8114 .1 82.6116.7 p=0.00005 86.7+15.9 p=0.21
range 24.3-89.5 45.8-100 45.8-100
HOS-SSS :
meanz SD 30.9+13.9 64.8+£26.3 p=0.0002 70.8+26.2 p=0.29
range 2.8-55.5 5.5-100 5.5-100

Table 5: Preoperative and postoperative PROs

The published values MCID were used for interpretation of the individual
outcomes on each one of the used PROs'"’. At the first year follow up, 91% of the
patients met or exceeded the MCID for NAHS, iHOT33 and HOS-ADL, and 82% for
HOS-SSS. At the end point of the follow up, the proportions were 87% for NAHS,
91% for iIHOT33 and HOS-SSS, and 82% for HOS-ADL. By comparing the final
scores to the corresponding first year values, 13% achieved further improvement on
the NAHS, 48% on the iIHOT33, and 8% on the HOS-ADL and HOS-SSS (Table 6).

MCID™’ 15" year Postop End point Postop
overall change 2" year change
NAHS 10 21 (91%) 20 (87%) 3(13%)
iHOT33 6.1 21 (91%) 21 (91%) 11 (48%)
HOS-ADL 9 21 (91%) 19 (82%) 2 (8%)
HOS-SSS 6 19 (82%) 21 (91%) 2 (8%)

Table 6: the subjects met or exceeded the minimal clinically important difference (MCID) are shown in
numbers and proportions for the first year and the end point of the follow up.
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Radiological outcomes:

The postoperative x-ray showed alpha angle 44.3+4.9° (Table 7, Figure 20).

Preop Postop sigtnei?itcgzce p-value

Alpha angle Mean+ SD 70.5£6.3 44.3+4.9 Z=-8.553 <0.0001
Range 56-80 34-52

H-N offset Meanz SD 5.6+1.8 8.9+1.5 Z=-8.479 <0.0001
Range 0-9 5-13

LCEA Meant SD 33.1£3.9 31.6+£3.6 Z=-9.231 <0.0001
Range 25-42 25-38

Wilcoxon Signed Ranks Test

Table 7: Comparison between the pre- and postoperative alpha angles in the patients with Cam
deformity

AT

Figure 20: Plain X-ray Dunn view of both hips of a patient showing; A. preoperative alpha angle 69°,
and B. postoperative alpha angle 37°

Twenty-one of the included patients were investigated by the T2 mapping

technique. There is one patient reported unsatisfactory results at 1 vyear
postoperative and underwent total tip replacement. Another patient had had revision
surgery for labral reattachment. T2 relaxation values were collected from 189 ROls
for quantitative analysis. Within the peripheral repair area, the mean quantitative T2
value was 49.1+ 7.2 milliseconds (ms), while ROIs of the central repair area had
mean relaxation T2 values of 50.2 + 7.1 ms. The native posterior cartilage showed

mean T2 value of 46.2 £ 7.6 ms (

Table 8 ).
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RESULTS

Norng::tﬁgzteenor Repair cartilage
Peripheral Central Global
Mean (ms) 47 1 491 50.2 49.8
SD 7.6 7.3 7.2 7.0
Range 36.6 - 69.2 38.5-60 37.8-64.7 38.2-60.8
p-value 0.27 0.14 0.19

Table 8: T2 values (ms=milliseconds) obtained from the normal posterior cartilage and the areas of
repair tissue (peripheral, central and global
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DISCUSSION

The study at hand demonstrates the efficacy of the arthroscopic treatment of FAI
and associated large full-thickness acetabular chondral lesions by microfracture
augmented with chitosan-based scaffold. Short and mid-term follow-up of the
patients exhibited satisfactory clinical outcomes in terms of improved hip function
and low rate of complications. Radiological outcomes showed good quality of the
repair tissue produced in the defect area resembling the native healthy cartilage of

the same joint.

Using four different reliable patient-reported outcomes is considered a strength
point in our work because this method covered multiple aspects of clinical and
functional results. Significant improvement of the NAHS score in our patients
indicates adequate improvement of their symptoms; mainly pain relief. The iHOT-33
uniquely evaluates recreational physical activities, job-related concerns, and social,
emotional, and lifestyle concerns ''®'%. We can speculate that the significant
improvement in iHOT-33 reported by our patients reflects marked satisfaction, as the

results met their psycho-social expectations.

The HOS contains two separately scored subscales; activities of daily living
(ADL) and sports, both of them are pure functional measures without any item

related to symptoms &2

, SO using a combination of the NAHS and the HOS is
recommended for patients undergoing hip arthroscopy '%2. We preferred to use the
HOS-sports, rather than simply reporting whether the patient returned to sports or
not, to obtain a quantitative description of the change occurred after surgical

intervention.

Our results are enforced by calculating the minimal clinically important difference
(MCID) for each PRO score used in the present study. MCID is a commonly used
measure to define thresholds of patient perception of “meaningful” or “relevant”
change'"’. The MCID is a metric for “within-individual” change. It is a value that
represents a change in a single patient over time and is intended to reflect the
threshold for a clinically meaningful difference within an individual. The proportion of
patients in each treatment group whose change in score crossed the threshold of the

MCID should be compared rather than the mean change in score for each groupm.
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Microfracture technique has been used extensively in the knee and provided
excellent early results and significant improvement in the quality of life, however the
long-term follow up showed decline in the outcomes and failed to maintain patient’s
satisfaction 214, Similarly, microfracture as an adjunct to hip arthroscopy for FAI
has, in general, positive outcomes in short to midterm foIIow-up125, but long-term
follow-up isn’t yet available. Comparing the results of microfracture only versus
chitosan-augmented microfracture (the study at hand); studies of microfracture in the
hip have reported lesions with mean size smaller than the minimal size in our study,
in addition to the variable outcomes. Philippon et al '* reported results of revision
arthroscopy after 20 months of treatment by microfracture for acetabular chondral
lesions with average size 163 mm?; 8 out of 9 patients had 95% to 100% coverage of
the chondral lesion and one patient had only 25% coverage. Similarly, Karthikeyan et
al " performed second-look arthroscopies after an average 17 months of initial
treatment with microfracture, and found a mean fill of 96% in 19 out of 20 patients
who had had acetabular chondral defects with average size of 154 mm? and
furthermore, histological analysis of full-thickness biopsy revealed that the tissue was
primarily fibrocartilage with some staining for type Il collagen in the region closest to

the bone.

On the other hand, Domb et al '*® compared microfractures in a group of 79
patients with full-thickness acetabular chondral lesions to a control group of 158
patients with partial-thickness lesions who didn’t receive a specific cartilage
treatment. The mean age was 44 years and the mean size of the chondral defect
was 189+98 mm? the results revealed no statistically significant difference in
postoperative mHHS, HOS-ADL, HOS-SSS, and NAHS between the microfracture
and control groups, except for the visual analog scale (VAS) score at 2 years which

were significantly superior in the control group.

The systematic review by Marquez-Lara et al '*® showed that arthroscopic
debridement, microfracture, and autologous chondrocyte transplantation (ACT) are
associated with equivalent improvement in clinical outcomes in patients with high-
grade acetabular chondral defects at short- and midterm follow-up. There were no
differences in patient characteristics and demographics, but lesion size varied
significantly between arthroscopic techniques (149.5 mm? for microfracture, 357.3
mm? for ACT, and 260 mm? for debridement). Finally it was concluded that the
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decision to use one technique over another may be determined by the size of the

defect '%°.

Preservative treatment of a hip joint with large full-thickness acetabular defect is a
great challenge. Fontana et al 130 compared the effectiveness of ACT versus simple
debridement for management of acetabular chondral defects in 30 patients with
Outerbridge grade 3 or 4 lesions. The area of involvement was >2 cm? in size and all
patients had radiographic evidence of Tonnis grade 2. Both stages of the ACT
procedure were performed arthroscopically. In both treatment groups, the mean size
of the defect was 2.6 cm?. The authors reported better clinical outcomes on the
Harris Hip Score with ACT than with simple chondroplasty at final follow-up'®.

Another study by Mancini and Fontana ™'

compared the clinical outcomes of the
arthroscopic matrix-induced autologous chondrocyte implant (MACI) and autologous
matrix-induced chondrogenesis (AMIC) techniques for the treatment of acetabular
defects 2-4 cm? consequent to FAI. Mean defect size of MACI and AMIC groups
were 2.8 and 2.9 cm?, respectively. Significant improvements were observed in both

treatment groups, as assessed by mHHS, up to five years follow-up™®'.

Using the chitosan-based scaffold for augmentation of standard microfracture
technique provided another successful, single-stage method for treatment of such
large chondral defects. The results of the current study are supported by similar
studies conducted on patients with chondral lesions in the knee joint. In an extended
multicenter randomized controlled trial, the treatment by chitosan-based scaffold has
shown superior results over the microfracture technique for chondral lesions in the
knee joint regarding the clinical outcome, MRI, and histologic analysis''#'32133 T2
relaxation time and filling% have been considered as comparing variables. T2 values
obtained at 5 years from joints treated with chitosan-based material and
microfracture only treated joints showed significant difference. The authors noted
that T2 values in the chitosan-based group were always closer to the ipsilateral
native cartilage T2 value (mean 51.5 + 7.5 ms) measured in the same session of

analysis' 2132,

In the group of patients who underwent the MRI analysis of the current study,
treatment with microfracture and chitosan-based scaffold resulted in a repair tissue

with radiological features similar to the native hyaline articular cartilage over mid-
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term follow up. Quantitative T2 relaxation analysis showed a non-significant
difference between the area of repair (peripheral and central parts) and the native
acetabular cartilage posteriorly. Specific evaluation of the peripheral area of the
repair tissue is of great importance because it is more susceptible to shear forces
during hip motions. Therefore, the normal appearance of the repair tissue on MRI
images reflects a sound structure that can withstand the biomechanical demands of

the hip joint.

The value of T2 mapping for assessment of the acetabular cartilage in
symptomatic FAI patients has been proved in different studies. According to Hesper
et al"™*, T2 values obtained from arthroscopically normal cartilage were significantly
higher than the values of regions with cartilage degeneration. These results are
consistent with Ellermann et al "> who found a strong correlation between
acetabular cartilage damage and decreased T2 values in patients with FAl

symptoms.

In the present study, all adverse events were recorded up to 24 months after
treatment. The surgical techniques in our study showed adequate safety for
subsequent use, based on the rate and severity of reported complications. It worth
noting that significant postoperative complications, such as DVT, infection, instability,
AVN of femoral head and fracture neck of femur, have not occurred in any patient of

our study.

Results of the current study reported one patient developed periarticular
muscular pain and stiffness which improved after 6 months of continuous
physiotherapy. Three patients had had postoperative perineal hypoesthesia which
recovered spontaneously within 2-6 weeks. These postoperative complications can
be attributed to the prolonged traction time during the procedure rather than to the
scaffold material used for treatment. The systematic review by Harris et al "*® found
that the most commonly affected nerve is the pudendal (40%), followed by lateral
femoral cutaneous (21%), sciatic (17%), common peroneal (17%), and femoral
(4.7%). According to the studies of Telleria et al ™" and Dippmann et al "*®, total
traction force, rather than total traction time, is a more significant predictor of nerve

dysfunction during hip arthroscopy
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I 1% who concluded a

A very similar study has been conducted by Rhee et a
satisfactory safety profile and short-term clinical outcomes of patients treated
arthroscopically with BST-CarGel for acetabular chondral defects in conjunction with
microfracture. They reported a mean defect size of 5.8 + 2.6 cm?. There were 2
(5.4%) patients presented with significant hip pain within 2 days of surgery, with C-
reactive protein levels above 200 mg/L. This was believed to be caused by an
exaggerated inflammatory response to BST-CarGel. They also observed a
statistically significant improvement in iHOT, HOS-ADL, and HOS-sport scores at

short-term follow-up (1 year) *°.

Important limitations to our work are the lack of control group to compare the
results and the wide range of follow up period (24-50 months) at the endpoint of the
study. Also the cases were operated by two senior surgeons, and this may be a
source of bias even though both of them strictly followed the same technique and
steps. Priori power analysis was not performed, so there is a risk of statistical type 2
error with the small sample size of our study. Because of the small number of
patients, we couldn’t definitely conclude the safety of chitosan implant for use in the
hip joint. The good results can be attributed to several factors such as the non-
extensive chondral defects (maximally involving 2 zones), the short preoperative
period of symptoms (mean 32 £10.4 months) and the initial improvement after Cam
resection and labral repair, so it is difficult to conclude the specific contribution of the

chitosan-based material to the results.

The time for T2 mapping follow-up was not the same for all patients (ranged from 24
to 38 months), so the expected changes in the repair tissue may differ among
patients. The study did not include normal patients without FAlI symptoms for
comparison. Although the apparently normal posterior cartilage has been considered
as self-control for comparison, but the minimum 2 years of follow-up may render this

normal cartilage pathologic as a disease progression.
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CONCLUSIONS & RECOMMENDATIONS

The use of chitosan-based scaffold after microfracture for treatment of large
acetabular chondral lesions associated with FAI improved the hip symptoms and
function markedly in the patients over the short-term follow-up. However, this early
improvement can be attributed to the proper correction of the original biomechanical
FAI conflict.

Up to 91% of the patients with large (22cm?) full-thickness acetabular chondral
defect associated with FAI maintained satisfactory clinical outcomes at mean follow-
up of 38.4 months. This mid-term improvement can reflect the adequate integrity of
cartilage repair by the arthroscopic combined treatment of microfracture and

chitosan-based scaffold.

Arthroscopic microfracture of large full thickness acetabular chondral defects with
chitosan-based scaffold produced a homogenous repair tissue similar to the
corresponding native cartilage of the same joint on quantitative T2 mapping at mid-

term follow-up.

The low rate of morbidity and complications can raise the belief of safety towards
using the chitosan-based scaffold material in further clinical work even though it

couldn’t be definitely concluded in the current study.

Preservative treatment of a hip joint with large full-thickness acetabular defect is a
great challenge. It is strongly recommended to study the long-term clinical,
radiological, and histological follow-up of this cartilage treatment method to

recognize its effectiveness and durability.

[47]
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APPENDIX 1

Non-Arthritic Hip Score

Escalas de Valoracion Funcional
Non Arthritic Hip Score

Paciente: NN

Fecha: 07/06/2017

Escala de Non Arthritic Hip Score: 0-100/100.

Cadera: XDER o 1ZQ

NAHS 100 : Funciéon Normal

Meses Postoperatorio: 36

Ninguno | Discreto | Moderado | Severo Extremo

Severidad durante las ultimas 48 HORAS: (4) (3) (2) (1) (0)
Dolor al caminar en plano X
Dolor al subir y bajar escaleras X
Dolor nocturno en la cama X
Dolor cuando sentado o tumbado X
Dolor al estar de pie X
Sensacion de captura o bloqueo de la cadera X
Sensacion de inestabilidad de la cadera X
Sensacion de rigidez de la cadera X
Sensacion de disminucion de la movilidad de la
cadera X
Dificultad al bajar escaleras X
Dificultad al subir escaleras X
Dificultad al levantarse de sentado X
Dificultad al ponerse calcetines / medias X
Dificultad al levantarse de la cama X
Severidad en actividades durante el ULTIMO Ninguno | Discreto | Moderado | Severo Extremo
MES: 4) 3) (2) (1) (0)
Dificultad en actividades deportivas de alta
exigencia (football, balloncesto, tennis, gimnasia
aerdbica) X
Dificultad en actividades deportivas de moderada
exigencia (golf, bowling) X
Dificultad en jogging como entrenamiento X
Dificultad en caminar como entrenamiento X
Dificultad en labores domesticas pesadas X
Dificultad en labores domesticas ligeras X

Valoracion: x 1,25 = Non Arthritic Hip Score %
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APPENDIX 2 33-items International Hip Outcome Tool

IHOT33 INTERNATIONAL HIP OUTCOME TOOL.

(Cuestionario de calidad de vida en personas jovenes, personas activas con
problemas de cadera).

Nombre y apellidos. Dia del cuestionario. / /

Fecha de nacimiento.

Cadera: Derecha X  lzquierda
Instrucciones:
- Cuestionario relativo a problemas que ha experimentado en su cadera, como
afectan estos problemas a su vida diaria y las emociones relativas a ese
problema.

- Por favor, indique la severidad del problema marcando con una cruz encima
de la linea de debajo de cada pregunta.

o Siusted marca al final de la linea a la izquierda, se siente
especialmente afectado. Por ejemplo:

\VJ

A
SIGNIFICATIVAMENTE NINGUN PROBLEMA
AFECTADO TODO CORRECTO

o Siusted marca al final de la linea a la derecha, representa que no
tiene el mas minimo problema en su cadera. Por ejemplo:

\\
SIGNIFICATIVAMENTE NINGUN PROBLEMA
AFECTADO TODO CORRECTO

o Siusted marca en el medio de la linea, indica que usted tiene un dolor
o problema moderado, o en otras palabras, entre los extremos de
“especialmente afectado” y “ningun problemas”. Es importante no
marcar en los extremos de las lineas si usted no se encuentra en una
situacion extrema.

- Por favor, conteste a las preguntas describiendo su situacion en el ultimo
mes.
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SECCION 1. SINTOMAS Y LIMITACIONES FUNCIONALES.

Las preguntas se refieren a sintomas que usted experimenta en su cadera y sobre
la funcionalidad de ella respecto a las actividades de la vida diaria. Por favor, piense
en como se ha sentido durante el ultimo mes y responda las siguientes preguntas.

Q1. Con que frecuencia tiene dolor en la caderal/ingle?

CONSTANTEMENTE / NUNCA

Q2. Como nota de rigida la cadera después de estar sentado / parado a lo largo del
dia?

/
EXTREMADAMENTE RIGIDA / NADA RIGIDA
Q3. Cuanta dificultad tiene para andar largas distancias?
MUCHA DIFICULTAD /I NADA DE DIFICULTAD
Q4. Cuanto le duele la cadera al estar sentado/a?
MUCHO DOLOR '/ NADA DE DOLOR

Q5. Cuanta dificultad tiene para estar de pie largos periodos de tiempo?
/

/

MUCHA DIFICULTAD NADA DE DIFICULTAD

Q6. Cuanta dificultad tiene para Ievan}arse o estirarse al suelo?

/

MUCHA DIFICULTAD NADA DE DIFICULTAD

Q7. Cuanta dificultad tiene para andar por terreno irregular?
/

MUCHA DIFICULTAD / NADA DE DIFICULTAD

Q8. Cuanta dificultad tiene para estar apoyado sobre la cadera afecta?

/
MUCHA DIFICULTAD / NADA DE DIFICULTAD

Q9. Cuanta dificultad tiene para superar obstaculos?

/
7

MUCHA DIFICULTAD NADA DE DIFICULTAD

Q10. Cuanta dificultad tiene para subir o bajar escaleras?

MUCHA DIFICULTAD / NADA DE DIFICULTAD

Q11. Cuanta dificultad tiene para levantarse de una silla?

/
MUCHA DIFICULTAD / NADA DE DIFICULTAD

[59]



APPENDIX 2 33-items International Hip Outcome Tool

Q12. Cuanta dificultad le supone hacer pasos largos al andar?

/

7
MUCHA DIFICULTAD NADA DE DIFICULTAD

Q13. Cuanta dificultad le supone subir o bajar del coche?

/

7
MUCHA DIFICULTAD NADA DE DIFICULTAD

Q14. Cuantos problemas en relacién a chasquidos o crujidos tiene en su cadera?
/

MUCHOS / NINGUNO

Q15. Cuanta dificultad tiene para ponerse/sacarse los calcetines, medias o zapatos?

MUCHA DIFICULTAD /1<|ADA DE DIFICULTAD
Q16. En general, cuanto dolor tiene en su caderal/ingle? ) /
DOLOR EXTREMO /" NADA DE DOLOR

SECCION 2. DEPORTES Y ACTIVIDADES RECREATIVAS.

Las siguientes preguntas son sobre su cadera cuando usted participa en deportes o
actividades ludicas. Por favor, piense en como se ha sentido durante el ultimo mes y
responda las siguientes preguntas.

Q17. Cémo se preocupa usted acerca de la capacidad para mantener su nivel

deseado de deporte?
/

EXTREMADAI\/éNTE PREOCUPADO NADA PREOCUPADO

Q18. Cuanto dolor experin)enta en su cadera después de la actividad fisica?

DOLOR EXTREMO / NADA DE DOLOR

Q19. Cuanto le preocupa que el dolor de la cadera incremente si usted participa en
deportes / actividades recreativas?

/
EXTREMADAME&TE PREOCUPADO NADA PREOCUPADO

Q20. Cuanto se le ha deteriorado la calidad de vida al no poder participar en
deportes /actividades recreativas?

/
EXTREMADAMENTE DETERIORADA NADA DETERIORADA

Q21. Cuanto le preocupa sobre el hecho de cambiar de direccion mientras hace
deporte / actividades recreativas?
Yo no realiz6 estas acciones en mis actividades
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EXTREMADAMENTE PREOCUPADO NADA PREOCUPADO

Q22. Cuanto ha disminuido su rendimiento en el deporte /actividad ludica?

/
/

HAN DISMINUIDO EXTREMADAMENTE NO HAN DISMINUIDO NADA

SECCION 3. RELACIONADAS CON EL TRABAJO LABORAL

Las siguientes cuestiones son acerca de cdémo le afecta su cadera en su actividad
laboral. Por favor, piense en como se ha sentido durante el ultimo mes y responda
las siguientes preguntas.

Q23. Cuanto le cuesta poner, traccionar, levantar o cargar objetos pesados en el
trabajo?

O Yo no realizé estas acciones en mis actividades
/

SEVERO PROBLEMA NO ES UN PROBLEMA

Q24. Cuanto le cuesta ponerse en cuclillas o agacharse?

SEVERO PROBLEMA NO ES UN PROBLEMA

Q25. Cuanto le preocupa que su cadera empeore por su trabajo?
/

EXTREMAJAMENTE PREOCUPADO NADA PREOCUPADO

Q26. Cuanto le dificulta poder realizar su trabajo correctamente la disminucion de la
movilidad de la chera’?

/
MUCHA DIFICULTAD NADA DE DIFICULTAD

SECCION 4. ASPECTOS DEL ESTILO DE VIDA, SOCIAL, EMOCIONAL.

Las siguientes cuestiones son acerca de como le afecta su cadera en su vida social,
emocional y a su estilo de vida. Por favor, piense en como se ha sentido durante el
ultimo mes y responda las siguientes preguntas.

Q27. Cémoiie frustrado se siente por su problema de cadera?

7/
EXTREMADAMENTE FRUSTRADO NADA FRUSTRADO
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Q28. Cuanto se ve dificultada su actividad sexual a causa de su problema de

cadera?
/

SEVERO PROBLEMA / NO ES UN PROBLEMA

Q29. Cuénta/distracci(')n le provoca su problema de cadera?

EXTREMADA [{STRACCION NO LE DISTRAE NADA

Q30. Cuanto le cuesta liberar su tension y estrés por su problema de cadera?

/
MUCHA DIFICULTAIZ{ NADA DE DIFICULTAD

Q31. Cémo de Qesanimado/a esta por su problema de cadera?

EXTREMADAMENTE DESANIMADA NADA DESANIMADA

Q32. Cuanto le preocupa el hecho de coger o cargar los nifios por su problema de
cadera?
[] Yo no realizé estas acciones en mis actividades

//
EXTREMADAMENTE PREOCUPADO NADA PREOCUPADO

Q33. Durante cuanto tiempo usted es consciente de su problema de cadera?

/
CONSTANTE{/IENTE NUNCA
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Hip Outcome Score

ESCALA DE CADERA PARA LAS ACTIVIDADES DE LA VIDA DIARIA.

RESPONDA TODAS LAS PREGUNTAS CON UNA SOLA RESPUESTA LA
QUE CORRESPONDA A SU SITUACION EN LOS ULTIMOS DIAS.
S| HA HABIDO ALGUNA COSA QUE NO HA PODIDO REALIZAR DEBIDO A

OTRAS CAUSAS DIFERENTES A SU CADERA MARQUE NA.

Ninguna
dificultad

Dificultad
leve

Dificultad
Moderada

Dificultad
extrema

Incapaz
de
hacerlo

No
Responde

Estar de pie durante
15 minutos

Entrar y salir de un
coche normal

Ponerse calcetines y
zapatos

Subir caminando por
terrenos empinados

Bajar caminando por
terrenos empinados

Subir un tramo de
escaleras

Bajar un tramo de
escaleras

Subir y bajar los
bordillos de las aceras

Ponerse en cuclillas
agachandose lo
maximo posible

Entrar y salir de la
bafiera

Estar sentado durante
15 minutos

Empezar a caminar

Caminar durante 10
minutos
aproximadamente

Caminar durante 15
minutos o mas
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A causa de su cadera, ¢, qué grado de dificultad tiene para realizar las

actividades siguientes?

Ninguna
dificultad

Dificultad
leve

Dificultad
Moderada

Dificultad
extrema

Incapaz
de
hacerlo

No
Responde

Girar/pivotar
sobre la
pierna afectada

Darse la vuelta en
la
cama

Efectuar trabajos
ligeros

o moderados
(estar de

pie, caminar)

Efectuar trabajos
pesados
(empujar/arrastrar,
subirse a sitios,
cargar

pesos)

Realizar
actividades de
ocio

¢, Como puntuaria usted de 0 a 100 su nivel actual de funcionamiento durante
sus actividades de la vida diaria habituales (siendo 100 el nivel de
funcionamiento antes de su problema de cadera y 0 la incapacidad para
realizar cualquiera de sus actividades de la vida diaria habituales)?

ooo%
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Subescala de deportes A causa de su cadera, ¢ qué grado de dificultad tiene para

realizar las

actividades siguientes?

Ninguna
dificultad

Dificultad
leve

Dificultad
Moderada

Dificultad
extrema

Incapaz
de
hacerlo

No
Responde

Correr 1,5 km

X

Saltar

Balancear un objeto,
como un palo de golf

Caer sobre los pies
tras un salto

Echar a correr y
pararse rapidamente

Efectuar cambios de
direccioén /
movimientos laterales

Efectuar actividades
de bajo impacto
como caminar
deprisa

Capacidad para
ejecutar la actividad
con su técnica
habitual

Capacidad para
practicar el deporte
que desee durante el
tiempo que quiera

¢, Como puntuaria de 0 a 100 su nivel actual de funcionamiento en las
actividades relacionadas con el deporte (siendo 100 su nivel de funcionamiento

antes de su problema de cadera y 0 la incapacidad para realizar cualquiera de sus
actividades de la vida diaria habituales)?

ooo%

¢, Coémo puntuaria su nivel actual de funcionamiento?

Normal

Casi Normal

Anormal
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Case 1

C/H: male patient 41 years old presented with left groin pain related to daily
activities, duration of 2 years. BMI 24 kg/m?, Tegner level 5 (recreational sports-

Jogging)
Ex.: +ve impingement, FADIR and DIRI tests. Infiltration test positive

Preoperative X-ray: Alpha angle 75° and H-N offset 4mm (Cam).

MRA: labral tear and chondral injury in the anterosuperior zone

Arthroscopic finding: torn labrum between 12 and 2 o’clock. Delaminated chondral
flap was found in zone 2 with exposed subchondral bone (Outerbridge & Beck Grade
4). Cam deformity was identified in the anterolateral head-neck junction.

Arthroscopic treatment: repair of the torn labrum was performed. The defect size
was 3 cm? involving zones 2 & 3. The acetabular chondral lesion was treated by
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debridement and microfracture and then it was filled by chitosan-based scaffold. The
Cam deformity was resected.

Postoperative X-ray: adequate resection of the Cam deformity (alpha angle 44° and
H-N offset 7 mm)

Preoperative scores:
NAHS=49, iHOT-33=37, HOS-ADL=42, and HOS-sports=29

Period of recovery:
No adverse events

Postoperative scores at 12 months:
NAHS=75, iHOT-33=68, HOS-ADL=81, and HOS-sports= 64
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Case 2

C/H: male patient 35 years old presented with right groin pain related to sports activity,
duration of one year. BMI 22 kg/m?, Tegner level 5 (competitive cycling)

Ex.: +ve impingement, decompression, FADIR and DIRI tests.

Preoperative X-ray: Alpha angle 73° and H-N offset 5mm (Cam).

MRA: labral tear and chondral injury in the anterosuperior zone

Arthroscopic finding: torn labrum between 11 and 2 o’clock. Delaminated chondral
flap with exposed subchondral bone (Outerbridge & Beck Grade 4) was found. Cam
deformity was identified in the anterolateral head-neck junction.

Arthroscopic treatment: repair of the torn labrum was performed. After debridement
and microfracture, the defect size was 3.5 cm? involving zones 2 & 3. The defect was
filed by chitosan-based scaffold to augment the microfracture. The Cam deformity
was resected.
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Postoperative X-ray: adequate resection of the Cam deformity (alpha angle 42° and
H-N offset 8 mm)

Preoperative scores:
NAHS=31, iIHOT-33=28, HOS-ADL=40, and HOS-sports=49

Period of recovery:
The patient had perineal hypoesthesia which resolved spontaneously after 4 weeks

Postoperative scores at 12 months:
NAHS=82, iHOT-33=85, HOS-ADL=91, and HOS-sports=78
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Case 3

C/H: male patient 39 years old, presented with right groin pain affecting his daily
activities, exaggerated by sports, onset of 30 months. BMI 23 kg/mz, Tegner level 7
(recreational sports-football)

Ex.: limited ROM mainly internal rotation, +ve impingement, FADIR and DIRI.

Preoperative X-ray: Alpha angle 81° and H-N offset 4mm (Cam), joint space
preserved.

MRA: labral tear and chondral injury in the anterosuperior zone

Arthroscopic finding: torn labrum between 12 and 2 o’clock. Delaminated chondral
flap with exposed subchondral bone (Outerbridge & Beck Grade 4) was found. Cam
deformity was identified in the anterolateral head-neck junction.

Arthroscopic treatment: repair of the torn labrum was performed. After debridement
and microfracture, the defect size was 3 cm? involving zones 1 & 2. The defect was
filled by chitosan-based scaffold to augment the microfracture. The Cam deformity was
resected.
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Postoperative X-ray: adequate resection of the Cam deformity (alpha angle 39° and H-
N offset 10 mm)

Preoperative scores:
NAHS=29, iHOT-33=22, HOS-ADL=31, and HOS-sports=18

Period of recovery:
The patient had perineal hypoesthesia which resolved spontaneously after 2 weeks

Postoperative scores at 12 months:
NAHS=88, iHOT-33=84, HOS-ADL=95, and HOS-sports=75
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Arthroscopic Repair of Acetabular Cartilage Lesions ~ ®
by Chitosan-Based Scaffold: Clinical Evaluation at
Minimum 2 Years Follow-up

Mahmoud Fathy Tahoun, M.Sc., Marc Tey, M.D., Ph.D., Jesis Mas, M.D.,
Taher Abd-Elsattar Eid, M.D., Ph.D., and Joan Carles Monllau, M.D., Ph.D.

Purpose: To evaluate the functional outcome of using chitosan-based material in our patients after 2 years of follow-up.
Methods: Nonarthritic nondysplastic femoroacetabular impingement patients with an acetabular chondral lesion, 18 to
55 years of age, were included for arthroscopic repair between May 2013 and July 2015. Full-thickness chondral defects
>2 cm? were filled with chitosan-based implant after microfractures. Follow-up consisted of alpha angle assessment and
clinical outcome in the form of the Non Arthritic Hip Score (NAHS), International Hip Outcome Tool 33 (iHOT33), Hip
Outcome Score of Activities of Daily Living (HOS-ADL), and Hip Outcome Score of Sports Specific Scale (HOS-SSS).
Results: Twenty-three patients were included. The mean follow-up was 38.4 £ 7.0 months (range, 24-50 months). The
mean defect size was 3.5 # 1.0 cm?, principally involving zone 2 and to a lesser extent in zones 1 and 3. Using femoroplasty,
the alpha angle was corrected from a mean 70.5 £ 6.3° to 44.3 £ 4.9° (P = .00001). Significant improvement occurred
comparing the preoperative to the first-year postoperative patient-reported outcomes: P =.00001 for the NAHS, P =.00004
for the iHOT33, P = .00005 for the HOS-ADL, and P = .0002 for the HOS-SSS. No statistically significant change has been
observed in the patient-reported outcomes obtained at the endpoint when compared with the first-year values (P = .13 for
the NAHS, P= .21 for the HOS-ADL, and P = .29 for the HOS-SSS), except for the iHOT33, which showed further significant
improvement (P =.02). Up to 91 % of the patients met or exceeded the minimal clinically important difference. One patient
needed total hip arthroplasty. Perineal hypoesthesia occurred in 3 patients, who recovered within 2 to 6 weeks, and 1 patient
needed a prolonged physiotherapy program for postoperative muscular stiffness. Conclusions: The arthroscopic combined
treatment of microfractures and chitosan-based scaffold has maintained satisfactory clinical outcomesin 91% of the patients
with a large (>2 cm?) full-thickness acetabular chondral defect associated with femoroacetabular impingement at a mean
follow-up of 38.4 months. The study could not definitely draw any conclusion regarding the safety of chitosan-based material
for use in the hip joint. Level of Evidence: Level IV, case series.

See commentary on page 2829

anterosuperior area, leading to chondral delamination
and labral tears."” This continuous pathologic process
in young active patients may lead to early
osteoarthritis.’

Lesion size and severity are considered primary

q cetabular cartilage damage occurs in association
with femoroacetabular impingement (FAI) owing

to the abnormal shear stresses, mostly in the

From the Department of Orthopedics, Menoufia University (M.F.T.,

T.A-E.E.), Egypt; Department of Orthopedics, Parc de Salut Mar, Universitat
Autonoma de Barcelona (M.F.T., M.T., J.C.M.), Barcelona, Department of
Orthopedics, Hospital Vistahermosa (J.M.), Alicante; and Hip Unit, iMove
Traumatologia, Clinica Mitrestorres (M.T.), Barcelona, Spain.

The authors report that they have no conflicts of interest in the authorship
and publication of this article. Full ICMJE author disclosure forms are
available for this article online, as supplementary material.

Received January 7, 2018; accepted June 10, 2018.

Address correspondence to Mahmoud Fathy Tahoun, M.Sc., Hospital de
I’"Esperanca, Sant Josep de la Muntanya, 12, 08024 Barcelona, Spain.
E-mail: mftahoon@hotmail.com

© 2018 by the Arthroscopy Association of North America

0749-8063/1838/$36.00

hitps://doi.org/10.1016/j.arthro.2018.06.037

Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 34, No 10 (October), 2018: pp 2821-2828

determining factors for the strategy of management and
the expected prognosis.”” One of the treatment pro-
cedures is the technique of microfractures, which de-
pends on stimulation of the subchondral bone marrow
through liberating the progenitor cells, and finally for-
mation of a fibrocartilage patch that covers the defect,
but this fibrocartilage tissue has poor biomechanical
properties.”” When the defect is large in size, the
fibrocartilage repair patch tends to shrink over time and
separate from the surrounding structures.”®

Scaffold augmentation techniques have emerged to
enhance the biomechanical and biochemical properties
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of cartilage repair tissue after microfractures. Different
scaffold materials, such as polyglycolic acid/hyaluronan,
chitosan-glycerol phosphate blood, and chondroitin
sulfate/hydrogel composites, have been studied in
experimental animal trials and have shown a significant
improvement in the mechanical properties and a histo-
logic structure similar to the native cartilage.®'" Clinical
trials of chitosan-based scaffold for treating chondral
defects in the femoral condyle of human knees showed
adequate safety for clinical practice and presented
favorable histologic and functional results.'*"*

In our work, we used the technique of scaffold
augmentation, using chitosan-based implant, for treat-
ment of large full-thickness acetabular cartilage lesions
associated with FAI This study was conducted to evaluate
the functional outcome of using chitosan-based material
in our patients after 2 years of follow-up. Depending on
the previous studies, we hypothesized that the technique
will give satisfactory clinical results and improvement in
the patient-reported outcome (PRO) scores.

Methods

Patient Selection

From May 2013 to July 2015, we included patients
between 18 and 55 years old who had a clinical diag-
nosis and radiologic evidence of FAI associated with an
acetabular chondral lesion. Exclusion criteria were
inflammatory joint disease, radiologic signs of osteoar-
thritis (TOnnis grade >2), or hip dysplasia (lateral center
edge angle of Wiberg <25°, acetabular index angle of
TOnnis >10°). Final inclusion in the study was decided
during the arthroscopic procedure when the patient
had a full-thickness acetabular cartilage lesion >2 cm?
after adequate debridement.

Arthroscopic treatment was indicated primarily for
patients who presented with groin pain related to hip
motion and a clinical examination suggestive of
impingement (limited range of motion [ROM], mainly
internal rotation, and tests for flexion, adduction, and
internal rotation, flexion abduction external rotation,
and dynamic internal rotation, as well as the dynamic
external rotatory impingement test).'*'” Diagnosis was
confirmed by radiologic assessment. Initially, plain ra-
diographs in the standard anteroposterior view and 45°
Dunn lateral view were obtained. The lateral center edge
angle of Wiberg and acetabular index angle were
measured in the anteroposterior view to exclude
dysplastic cases. The alpha angle was measured in the 45°
Dunn view (which correlates with the 1:00-2:00 o’clock
position) to determine the cam morphology.'®'” All
patients were investigated preoperatively by magnetic
resonance angiography to evaluate the labrum and the
articular cartilage.

All patients who had indications for the procedure
and met the inclusion criteria received an adjuvant

M. F. TAHOUN ET AL.

treatment of the acetabular chondral lesion by micro-
fracture and chitosan-based scaffold, in addition to
treatment of the underlying FAIL Primary treatment of
FAI consisted of arthroscopic femoroplasty for cam
deformity, acetabuloplasty for pincer impingement, and
repair of associated labral tears.'®?° All patients
participating in the study provided a written informed
consent after fulfilling the rules of the Ethical Com-
mittee of Clinical Research.

Surgical Technique

The technique of application of chitosan-based
implant has been described by Tey et al.,”' which pro-
vided a guide for the surgical procedure in the current
study. The operations were performed by 2 senior
surgeons (M.T., J.M.), who strictly followed the original
technique and steps. Diagnostic hip arthroscopy began
with exploration of the central compartment with the
patient in the supine position, and appropriate traction
was applied to the operating limb. The acetabular
cartilage was classified according to the Outerbridge
classification®” (as a standard method) and Beck’s sys-
tem' (as a hip-specified system). Full-thickness
acetabular cartilage lesions (Outerbridge IV or Beck’s
I, 1IV) were treated by full debridement and micro-
fracture (Figs 1 and 2). A motorized shaver and a
curette were used for removal of the damaged cartilage
and exposure of subchondral bone, then microfractures
were performed by 60° arthroscopic awl with a depth of
2 to 3 mm every 5 mm through the entire defect. After
adequate debridement, the size of the defect was
measured by a calibrated arthroscopic probe and the

Fig 1. Arthroscopic image of a right hip (viewed from the
anterolateral portal) demonstrating delaminated chondral flap
in the acetabular cartilage involving zone 2. A full-thickness
lesion can be seen exposing the subchondral bone.
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Fig 2. Arthroscopic image of a right hip (viewed from the
anterolateral portal) after debridement and microfractures of
the chondral defect. Stable chondral margins and bleeding
base with bone punctures.

lesion was localized according to the geographic zone
method.”” Lesions >2 cm? were further treated by the
chitosan-based scaffold material at the end of the pro-
cedure. Pincer impingement was corrected by aceta-
buloplasty, and labral tears were repaired by suture
anchors (3-5 based on the extent of the lesion), then
traction of the limb was released to access the periph-
eral compartment. For better visualization, the capsule
was opened in a T-fashion, which facilitates proper
identification and resection of the cam deformity.

The chitosan-based implant (BST-CarGel; Smith &
Nephew, London, UK) material was prepared, accord-
ing to manufacturer instructions, by mixing the com-
ponents with the patient’s blood sample to form the
final product that was applied to cover the defect.”’
Traction was reapplied to the limb, and fluid was
drained outside the joint space; small gauze swabs were
delivered inside to dry the defect surface. Once the
surface was clean and good vision was obtained, the
mixture was applied using a large 18-G needle that was
previously bent to direct the drops toward the sloping
surface (Fig 3), covering the whole defect with succes-
sive layers that consolidate within 15 minutes. Traction
was released again. Great attention was given to close
the capsule completely, 2 or 3 sutures were applied first
at the distal part of the T-capsulotomy, and then 1 or 2
sutures were applied to close the interportal
capsulotomy.

Postoperative Rehabilitation

We asked the patients to move the hip passively and
then actively from the first day and use crutches for partial
weight bearing for <6 weeks, with a focus on restoration
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of full ROM. Activity was allowed to be increased gradu-
ally as patients tolerated. Return to full sports activities,
especially impaction and twisting movements, were
avoided the first year after surgery.'**' It was not feasible
to ensure applying a formal physiotherapy protocol for all
patients; however, the previous points were followed
precisely.

Postoperative Evaluation

Follow-up visits were scheduled at 6 weeks; 3, 6, and
12 months; and every year. The patients were evalu-
ated for pain, ROM, and signs of impingement (tests for
flexion, adduction, and internal rotation, flexion
abduction external rotation, and dynamic internal
rotation impingement, as well as the dynamic external
rotatory impingement test).'* Postoperative radio-
graphs were obtained at 3 months for assessment of
correction in the alpha angle and the acetabular
resection. The Non Arthritic Hip Score (NAHS), Inter-
national Hip Outcome Tool 33 (iHOT33), and Hip
Outcome Score of both subscales (Activities of Daily
Living [HOS-ADL] and Sports Specific Scale [HOS-
SSS]) were collected during the visits before and after
the procedure. We planned to assess the short-term and
midterm functional outcomes of cartilage management,
so the PROs were collected at 12 and 24 months and
then yearly until the end of the study.

Statistical Analysis

The mean value and standard deviation (SD) were
calculated for each parameter. Statistical analyses were
performed using SPSS software version 22 (SPSS, Chi-
cago, IL). The Shapiro-Wilk test was used to evaluate

Fig 3. Arthroscopic image of a right hip (viewed from the
anterolateral portal) during application of the chitosan—blood
mixture by the 18-G needle. The scaffold mixture adheres to
the base of the lesion and covers the entire defect.
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the data with regard to normality of distribution. Data
analysis was performed with the Wilcoxon signed-rank
test for comparison of the preoperative and post-
operative PROs; P < .05 was considered statistically
significant.

Results

Twenty-three patients were included in this
study—18 men and 5 women. Demographic data
including age, body mass index, and Tegner sports level
are summarized in Table 1. According to the preoper-
ative evaluation, 15 cases (65%) had cam-type FAI 8
cases (35%) had mixed type, and no case was diag-
nosed as pincer-only FAIL. The mean preoperative alpha
angle was 70.5 £ 6.3°, and the values of the preoper-
ative PROs (mean + SD) were 55.2 £+ 13.4 for the
NAHS, 43.1 £+ 14 for the iHOT33, 59.7 £ 14.1 for the
HOS-ADL, and 30.9 + 13.9 for the HOS-SSS.

Included patients had a full-thickness acetabular
chondral defect with a mean size of 3.5 + 1 cm?. Zone 2
was involved in all of the cases; 13 cases extended to
zone 3, 2 cases extended to zone 1, and 8 cases were
confined to zone 2. The labrum was torn in all patients
in the same zones corresponding with the cartilage
lesion. Three patients had an associated chondral lesion
in the femoral head: 1 had an Outerbridge grade I
lesion in zone 2 and was treated by debridement only,
whereas the other 2 cases had grade IV lesions in zones
2 and 3 and were treated by microfracture and filling
with the same preparation of chitosan-based scaffold.

The postoperative radiographs showed an alpha angle
of 44.3 £ 4.9° (mean + SD). The mean follow-up of the
patients was 38.4 + 7.0 months. Twenty-one patients
reported improvement in functional scores within first
12 months and maintained their achieved scores
through the follow-up period. Two patients showed no

Table 1. Demographic and Basic Patient Data

No. of Patients 23
Male 18 (78%)
Female 5 (22%)
Age, yr 40.9 £ 7 (25-54)
BMI 23.8+2.0 (20-27)
Tegner Level 6.0+ 1.5 (3-10)
Follow-up, mo 384+ 7.0 (24-50)
Cam-type FAI 15 (65%)
Mixed-type FAI 8 (35%)
Acetabular Lesions
Size, cm? 3.5+ 1 cm? (2-6)
Zone 1 2 (8%)
Zone 2 23 (100%)
Zone 3 13 (54%)
Femoral Head Lesions
Size 0.7-1.2 cm?
Zone 2 2 (8%)
Zone 3 1 (4%)

NOTE. Values are n (%) or mean =+ standard deviation (range).
BMI, body mass index; FAI, femoroacetabular impingement.
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significant change from their baseline levels: 1 patient
was 54 years old, with a radiologic image of mild osteo-
arthritis (TOnnis 1) and an associated chondral lesion
(grade IV) in the femoral head, and ultimately required
total hip arthroplasty because of the limiting pain; the
other patient was 38 years old (Ténnis 1) and had an
acetabular chondral defect of 6 cm®. At month 12,
postoperative functional scores (mean + SD) were 81.9
4 13.6 for the NAHS, 72.4 + 16.6 for the iHOT33, 82.6 +
16.7 for the HOS-ADL, and 64.8 + 26.3 for the HOS-SSS,
and the functional scores obtained at the endpoint of the
study (mean £ SD) were 85.6 & 14.5 for the NAHS, 78.5
+ 15.6 for the iHOT33, 86.7 + 15.9 for the HOS-ADL,
and 70.8 £ 26.2 for the HOS-SSS (Table 2).

The immediate postoperative period showed normal
recovery for all patients without important clinical
incidents. For the patients who improved with the
intervention, we observed satisfactory rehabilitation
progress, namely disappearance of preoperative pain,
attainment of full ROM, and negative tests of impinge-
ment at the last follow-up. One patient developed peri-
articular muscular pain and stiffness that improved after
6 months of continuous physiotherapy. Three patients
had postoperative perineal hypoesthesia that recovered
spontaneously within 2 to 6 weeks. One patient required
total hip arthroplasty 2 years after the intervention.

The recently published values of a minimal clinically
important difference were used for interpretation of the
individual outcomes on each of the used PROs.”* At the
first-year follow-up, 91% of the patients met or
exceeded the minimal clinically important difference
for the NAHS, iHOT33, and HOS-ADL and 82% for the
HOS-SSS. At the endpoint of the follow-up, the pro-
portions were 87% for the NAHS, 91% for the iHOT33
and the HOS-SSS, and 82% for the HOS-ADL. By
comparing the final scores with the corresponding first-
year values, 13% achieved further improvement on the
NAHS, 48% on the iHOT33, and 8% on the HOS-ADL
and HOS-SSS (Table 3). Interestingly, 2 male patients
had an associated chondral defect (grade IV) in the
femoral head and a radiologic image of mild osteoar-
thritis (Ténnis 1). One of the patients, who was 54 years
old, had 24-month postoperative versus preoperative
scores as follows: NAHS, 41.3 versus 39; iHOT33, 34
versus 30; HOS-ADL, 45.8 versus 47.0; and HOS-SSS,
5.5 versus 7.0. Ultimately, this patient required total
hip arthroplasty 2 years postoperatively because of
limiting pain. The other patient, who was 49 years old,
had 24-month postoperative versus preoperative scores
as follows: NAHS, 87 versus 53; iHOT33, 93 versus 61;
HOS-ADL, 100 versus 72; and HOS-SSS, 95 versus 24.

Discussion
Microfractures augmented by chitosan-based scaffold
provided satisfactory short-term to midterm outcomes
for treatment of large full-thickness acetabular chondral
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Table 2. Alpha Angle and PRO Values
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Preoperative 12-Month Follow-up Endpoint Follow-up
Alpha Angle
Mean + SD 70.5 + 6.3 443 £ 49 P = .00001
Range 56-80 34-52
NAHS
Mean + SD 55.2 £ 13.4 81.9 +13.6 P =.00001 85.6 &+ 14.5 P=.13
Range 23.7-78.7 41.3-98.7 41.3-100
iHOT33
Mean + SD 43.1 + 14 72.6 + 16.6 P =.00004 78.5 + 15.6 P = .02
Range 10.8-65.4 34-96.7 34-97.6
HOS-ADL
Mean + SD 59.8 + 14.1 82.6 + 16.7 P = .00005 86.7 = 15.9 P =21
Range 24.3-89.5 45.8-100 45.8-100
HOS-SSS
Mean + SD 30.9 +13.9 64.8 + 26.3 P =.0002 70.8 + 26.2 P=.29
Range 2.8-55.5 5.5-100 5.5-100

NOTE. Preoperative values (alpha angle and PROs) are compared with the corresponding 12-month postoperative values. The PROs of the

endpoint are compared with the 12-month values.

HOS-ADL, Hip Outcome Score of Activities of Daily Living; HOS-SSS, Hip Outcome Score of Sports Specific Scale; iHOT33, International Hip
Outcome Tool 33; NAHS, Non Arthritic Hip Score; PRO, patient-reported outcome; SD, standard deviation.

defects. The results of the current study showed a sig-
nificant improvement in the 4 PROs of patients during
the first year (P = .00001 for NAHS, P = .00004 for
iHOT33, P = .00005 for HOS-ADL, and P = .0002 for
HOS-SSS). The improvement achieved during the first
year was maintained through the endpoint of the study.
No changes were observed by comparing the endpoint
PROs with the corresponding first-year PROs (P = .13
for NAHS, P = .21 for HOS-ADL, and P = .29 for HOS-
SSS), except for iHOT33, which showed further signif-
icant improvement (P = .02). Twenty-one patients
(91%) reported improvement. Two patients did not
change from their baseline: 1 patient had an associated
chondral lesion in the femoral head, and the other
patient had an extreme lesion size (6 cm?) in the ace-
tabulum. The mean age of the patients at time of sur-
gery was 40.9 4+ 7.0 years, and most patients were used
to performing a moderate or high level of sports activity
before reporting the hip complaint (mean Tegner scale
of 6.0 £ 1.5); therefore, it was important for those
patients to achieve satisfactory results not only
regarding the daily activities but also returning to the
previous level of sports. Continuous improvement in
iHOT33 scores after 2 years would be related to the
emotional, social, and recreational parts of the iHOT33
test, which are not present in NAHS or HOS subscales.
Thus, the further increase in iHOT33 scores, in our
speculation, may reflect both physical and psychological
improvement and more satisfaction over time.

Clinical studies of chondral defects of the knee and
hip recommend performing microfractures for small
focal well-defined lesions <4 cm?® to obtain good
results,”?>*¢ although later studies limit the indication
for a lesion area <2 cm??’ particularly in athletic
patients seeking to return to their previous activities.”®
Considering these recommendations and the nature of

our patients, we decided to apply the chitosan-based
material for full-thickness defects >2 cm? after
adequate debridement and a precise microfracture
technique. The mean size of the acetabular cartilage
defect in our results was 3.5 + 1.0 cm?, involving 2
zones (zones 1 and 2 or 2 and 3) or confined to zone 2
only. Consequently, these relatively nonextensive le-
sions may have contributed to the satisfactory results of
this study; supporting this belief, we observed that 1
patient with an extreme defect size (6 cm?) did not
show significant improvement in the PROs through the
entire follow-up period. The surgical procedure also
may have affected the results, because we could resect
the impinging cam deformity properly in all cases with
a mean postoperative alpha angle of 44.93 £+ 4.90°
(P = .00001) and repaired the labrum in all of them
with suture anchors, using the standard technique for
microfracture described by Steadman et al.*’

The microfracture technique has been used exten-
sively in the knee and provides excellent early results

Table 3. Subjects Who Met or Exceeded the Minimal
Clinically Important Difference

Endpoint Postoperatively

First Year
MCID** Postoperatively Overall Change Year 2 Change
NAHS 10 21 (91) 20 (87) 3 (13)
iHOT33 6.1 21 (91) 21 (91) 11 (48)
HOS-ADL 9 21 (91) 19 (82) 2 (8)
HOS-SSS 6 19 (82) 21 (91) 2 (8)

NOTE. Values are n (proportions) for the PROs used in the first year
and at the endpoint of follow-up.

HOS-ADL, Hip Outcome Score of Activities of Daily Living; HOS-
SSS, Hip Outcome Score of Sports Specific Scale; iHOT33, Interna-
tional Hip Outcome Tool 33; MCID, minimal clinically important
difference: NAHS, Non Arthritic Hip Score; PROs, patient-reported
outcomes.
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and significant improvement in quality of life; however,
long-term follow-up has shown a decline in outcomes
and has failed to maintain patient satisfaction.’””’
Similarly, microfracture as an adjunct to hip arthros-
copy for FAI has, in general, positive outcomes in short-
to midterm follow-up,’* but long-term follow-up is not
yet available. Comparing the results of microfractures
only versus chitosan-augmented microfractures (the
study at hand), studies of microfractures in the hip have
reported lesions with a mean size smaller than the
minimal size in our study, in addition to the variable
outcomes. Philippon et al.”’ published a study of 9
patients who underwent revision hip arthroscopy after
an average of 20 months of initially being treated with
microfracture for acetabular chondral lesions with an
average size of 163 mm?: 8 patients had 95% to 100%
coverage of the chondral lesion, and 1 patient had only
25% coverage. Similarly, Karthikeyan et al.”* per-
formed second-look arthroscopies after an average of
17 months of initial treatment with microfracture and
found a mean fill of 96% in 19 of 20 patients who had
had acetabular chondral defects with an average size of
154 mm?. Histologic analysis of full-thickness biopsy
revealed that the tissue was primarily fibrocartilage
with some staining for type II collagen in the region
closest to the bone. In contrast, Domb et al.”” compared
microfractures in a group of 79 patients with full-
thickness acetabular chondral lesions with a control
group of 158 patients with partial-thickness lesions who
did not receive a specific cartilage treatment. The mean
age was 44 years, and the mean size of the chondral
defect was 189 + 98 mm?; the results revealed no sta-
tistically significant difference in postoperative modified
Harris Hip Score, HOS-ADL, HOS-SSS, and NAHS
scores between the microfracture and control groups,
except for the visual analog scale scores at 2 years,
which were significantly superior in the control group.

Experimental animal studies attempted to use
chitosan-based material as a scaffold to potentiate the
biomechanical properties of the repair tissue after
microfractures and found a significant similarity be-
tween repair tissue and native hyaline cartilage with
regard to the content of glycosaminoglycan and
arrangement of collagen type II, as well as proper
incorporation to the surroundings.® "’

Previous clinical studies on chitosan-based implant,
although few, support our findings. The same prepa-
ration of chitosan-based material has been used previ-
ously for treatment of full-thickness cartilage defects
in the knee.'”'’ Patients treated with this technique
showed significant functional improvement for
<5 years and maintained quantity and quality of the
repaired cartilage (percentage of filling and T2 relaxa-
tion time) more than patients treated by microfractures
only.'*"” Second-look arthroscopy after 13 months has
confirmed the superior results of the chitosan-treated

M. F. TAHOUN ET AL.

cartilage; better filling, surface quality, and integration
to the surroundings and biopsy analysis showed more
similarity to native hyaline cartilage, as measured by
polarized light microscopy scoring.’®

With regard to the application of chitosan-based
implant in hip pathologies, a preliminary study’’
included quantitative magnetic resonance imaging
evaluation of 10 patients after 18 months using similar
methods. The results showed >90% filling of the de-
fects with imaging properties comparable to the normal
articular cartilage and significant improvement in HOS
scores. This short-term and small-volume study pro-
vided a promising preliminary result, but it is not
sufficient to conclude the clinical effectiveness of this
method of cartilage repair.

Limitations

Important limitations to our work are the lack of a
control group to compare the results and the wide range
of follow-up (24-50 months) at the endpoint of the
study. In addition, the cases were operated by 2 senior
surgeons (M.T., J.M.), and this factor may be a source of
bias, even though both surgeons strictly followed the
same technique and steps. An a priori power analysis was
not performed, so there is a risk of statistical type 2 error
with the small sample size of our study. Because of the
small number of patients, we could not definitely
conclude the safety of chitosan implant for use in the hip
joint. The results can be attributed to several factors, such
asnonextensive chondral defects (maximally involving 2
zones), the short preoperative period of symptoms
(mean 32.0 £+ 10.4 months), and initial improvement
after cam resection and labral repair. Thus, it is difficult to
conclude the specific contribution of chitosan-based
material in the results.

Conclusions

The arthroscopic combined treatment of micro-
fractures and chitosan-based scaffold has maintained
satisfactory clinical outcomes in 91% of the patients
with a large (>2 cm?) full-thickness acetabular chon-
dral defect associated with FAI at mean follow-up of
38.4 months. However, this study could not definitely
draw any conclusion regarding the safety of chitosan-
based material for use in the hip joint.
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Abstract

Purpose: Radiological evaluation of the repair tissue produced after arthroscopic
treatment of acetabular chondral lesions associated with femoroacetabular

impingement (FAI) by the chitosan-based scaffold.

Methods: Patients with age of 18 - 55 years, clinical and radiological features of FAI,
non-arthritic non-dysplastic hips were selected for arthroscopic treatment. Full
thickness acetabular chondral defects were filled with chitosan-based scaffold
material after microfracture. T2 mapping has been carried out for all patients after 24
months using a 1.5-T machine. Nine regions of interest (ROls) were localized of 3
consecutive sagittal slices including the area of repair. T2 relaxation times of ROls in

the repair area have been compared with the corresponding posterior cartilage.

Results: Twenty-one patients; 17 men and 4 women underwent arthroscopic
treatment of full-thickness acetabular chondral defects with mean size of 3.6 + 1 cm?
(range 2-6 cm?), Zone 2 was affected in all cases while zone 3 was involved in 13
cases. T2 relaxation values were collected from 189 ROIs for quantitative analysis.
Within the peripheral repair area, the mean T2 value was 49.1t 7.2 milliseconds
(ms), while ROls of the central repair area had mean T2 values of 50.2+ 7.1 ms.

Posterior cartilage showed mean T2 value of 46.2 £ 7.6 ms

Conclusion: Arthroscopic microfracture of large full thickness acetabular chondral
defects with chitosan-based scaffold produced a homogenous repair tissue similar to
the corresponding native cartilage of the same joint on quantitative T2 mapping at
mid-term follow-up. Clinical relevance: Augmentation of the microfracture by
chitosan-based scaffold is a promising modality for treatment of large full-thickness

acetabular defects.

Level of evidence: Level IV.
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Introduction:

Scaffold augmentation techniques have emerged to enhance the biomechanical
properties of cartilage repair tissue after bone-marrow stimulation [11]. Chitosan-
glycerol phosphate blood has previously shown to improve the quality of cartilage
repair with a histological structure more similar to the native hyaline cartilage in

animal models[14] as well as humans[15].

With increasing interest in cartilage repair, several magnetic resonance imaging
(MRI) modalities have been advanced to provide high accuracy and reliability for
evaluation of the articular cartilage and its repair techniques[2, 18, 22]. Delayed
gadolinium-enhanced MRI of cartilage (dGEMRIC) and T2 mapping can detect early
change in the cartilage matrix composition which precedes any structural damage of
the cartilage [9]. T2 mapping assesses the degree of loss of collagen fiber orientation
and subsequent increased mobility of water in the matrix[9, 12, 22]. Beside the
safety of avoiding contrast injection and the advantage of faster scanning time, T2
mapping has been recommended for evaluation of cartilage repair because of its

ability to estimate the restoration of articular zonal structure [8, 16].

Femoroacetabular impingement (FAI) is a common cause of acetabular chondral
damage and osteoarthritis at the end stage [5, 10]. This study aimed at evaluating
the repair tissue generated in the acetabular chondral defects associated with FAI
after arthroscopic microfracture augmented by chitosan-based scaffold using
cartilage-specific MRI method. Study population was hypothesized to exhibit
favorable interpretation of the quantitative T2 values of the repair tissue in

comparison to the native articular cartilage of the same joint.
Material & Methods

This work was conducted after fulfilling the rules of the Ethical Committee of Clinical
Research of Hospital Universitario Quiron Dexeus, and obtaining a written informed
consent from all participating patients. Between 2013 and 2015, 21 patients with full
thickness acetabular chondral lesions associated with FAIl have received
arthroscopic treatment in the form of debridement and microfracture and application
of chitosan-based material as a scaffold for the repair tissue. The patients have been
candidates for this strategy of management by fulfilling the specific criteria; age of 18

3
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- 55 years, with clinical and radiological features of FAI, no or mild radiological signs
of osteoarthritis (Tonnis grade 0 or 1), no radiological signs of dysplasia (Wiberg

angle <25, Tonnis angle > 10°).

Twenty-one patients, 17 men and 4 women, who met the selection criteria, were
included in this study. Preoperative evaluation consisted of thorough clinical
examination and radiographic assessment (measuring alpha angle, head-neck
offset, lateral center edge angle of Wiberg and acetabular index angle of Tonnis).
MR arthrography was routinely performed to detect the associated chondrolabral
damage. By arthroscopic exploration, acetabular cartilage has been classified
according to the Outerbridge and Beck's scores; patients with full-thickness
acetabular cartilage lesion (Outerbridge IV or Beck’s Ill, 1IV) were treated by full
debridement and microfracture. Cartilage defect size was considered as either small
(< 2cm?) or large (= 2 cm?). The actual defect size was determined during
arthroscopy after debridement. According to the available evidence at that time,
defects < 2cm? were effectively treated with microfractures only, while larger defects
showed inferior long-term results. Thus, patients with small chondral defects (<
2cm?) were not included in the current study. According to the geographic zones of
the acetabulum[7], Zone 2 was affected in all cases while zone 3 was involved in 13

cases.

After the standard microfracture, focal chondral lesions measured = 2 c¢m? finally
were supplemented by adding the chitosan-based material (BST-CarGel®). Labrum
has been repaired for preexisting tear or reattached after acetabuloplasty indicated
for pincer impingement. The peripheral compartment was addressed for
femoroplasty. The capsule was closed by two or three sutures at the conclusion of
the surgery. Partial weight-bearing with crutches and passive hip joint movements
have been recommended for the patients from the first postoperative day, then
gradually increased active exercises were allowed as tolerated, however, sports

involving impacting or pivoting movements were avoided during the first year.

MRI studies were performed with a 1.5 Tesla Machine (Achieva; Philips; Netherland)
24 months after surgery. Studies included the following sequences: Axial fast-spin-
echo (FSE) T2-weighted with fat saturation, Axial oblique FSE T1-weighted with fat
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saturation, coronal FSE T2-weighted, sagittal FSE T2-weighted with fat saturation
and sagittal fast spin-echo T1-weighted. MRI follow-up consisted of the T2 mapping
and recording the T2 values of the cartilage repair tissue in comparison to the values
of the healthy articular cartilage from the same joint. Nine regions of interest (ROls)
were localized manually at the acetabular articular cartilage of 3 consecutive sagittal
slices including the area of repair. In each sagittal slice, two ROIs have been
carefully drawn at different sites in the repair area anteriorly guided by reviewing the
previously obtained preoperative MRA images and arthroscopic pictures, one of
them close to the chondrolabral junction and the second one was more central. The
third ROl was located at the apparently healthy posterior cartilage as a control for
comparison with the repair area. MRI device software presents T2 values in 3
decimals; however, numbers were approximated to one decimal in the results for
simplification. The T2 values from these ROIs were recorded and statistically
analyzed. Images of all patients were evaluated by a single radiologist (l.O.)

specialized in musculoskeletal radiology.
Statistical Analysis

To compare the repair cartilage with the corresponding normal cartilage in the
same acetabulum, the average of T2 values from the three anterior ROls was used
as an assessment of the peripheral repair tissue. The same step was performed for
the three central and three posterior ROIs to express the central repair and posterior
normal acetabular cartilage respectively. Then, the mean value and standard
deviation (SD) were calculated for each area in all patients. Shapiro-Wilk’s test (p
value> 0.05) and visual inspection of their histogram were conducted to assess data
normality. Paired student t-tests were performed to compare the means of the
peripheral and central repair areas with the posterior normal cartilage taking into
account that P < 0.05 was considered statistically significant. Statistical analyses
were performed using SPSS software version 22 (SPSS, Chicago, IL). Post-hoc

analysis has been conducted which showed small sample size.
Results

The basic and demographic data of the patients regarding age, body mass index,

Tegner activity level, and distribution of FAI morphology among cases are
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demonstrated in Table 1. Arthroscopic procedures showed full-thickness chondral
defects in the anterosuperior area of the acetabulum with mean size of 3.6 + 1 cm?

(range 2-6 cm?).

T2 relaxation values were collected from 189 ROls for quantitative analysis. Within
the peripheral repair area, the mean quantitative T2 value was 49.1+ 7.2
milliseconds (ms), while ROIs of the central repair area had mean relaxation T2
values of 50.2 + 7.1 ms. The native posterior cartilage showed mean T2 value of
46.2 £ 7.6 ms (Table 2).

Discussion

The most important finding of the present study was that treatment of large full-
thickness acetabular chondral defects with microfracture and chitosan-based
scaffold resulted in a repair tissue with radiological features similar to the native
hyaline articular cartilage over mid-term follow-up. Quantitative T2 relaxation
analysis showed a non-significant difference between the peripheral area of the
repair tissue (at the chondrolabral junction) and the native acetabular cartilage
posteriorly. Also, a non-significant difference could be observed between the T2
values of the central area of the repair tissue (close to the center of the joint) and the
native posterior acetabular cartilage. Specific evaluation of the peripheral area of the
repair tissue is of great importance because it is more susceptible to shear forces
during hip motions. A relatively wide range of T2 values was observed in the area of
healthy posterior cartilage. This could be explained by the wide range of age of the
patients (27-51 years) and the different MRI acquisition time (24 - 38 months). Other
possibility is that the T2 records have been collected 2 years after the arthroscopic
treatment; such long periods may involve change of the previous normal condition of

the cartilage.

The value of T2 mapping for assessment of the acetabular cartilage in symptomatic
FAI patients has been proved in different studies. According to Hesper et al[6], T2
values obtained from arthroscopically normal cartilage were significantly higher than
the values of regions with cartilage degeneration. These results are consistent with
Ellermann et al [3] who found a strong correlation between acetabular cartilage

damage and decreased T2 values in patients with FAI symptoms.
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Subchondral bone is one of the important parameters evaluated with cartilage repair
methods [1, 4, 13]. Our technique considered careful protection of the subchondral
bone during the microfracture procedure. This has been reflected on the MRI images
obtained after 2 years which showed preserved integrity of the subchondral lamina
with no edema, overgrowth or cyst formation. The radiological results of the current
study go with the clinical outcomes previously reported in FAI patients received this
technique for management of large focal chondral defect in non-arthritic, non-
dysplastic hips[17, 23, 24]. In a clinical study, the arthroscopic combined treatment of
microfractures and chitosan-based scaffold has maintained satisfactory clinical
improvement on Hip Outcome Score, International Hip Outcome Tool 33, and Non-

Arthritic Hip Score; in 91% of the patients at mean follow-up of 38.4 months[24].

The results of the current study are supported by similar studies conducted on
patients with chondral lesions in the knee joint. In an extended multicenter
randomized controlled trial, the treatment by BST-CarGel® has shown superior
results over the microfracture only technique for chondral lesions in the knee joint
regarding the MRI imaging and histologic analysis[15, 19, 20]. T2 mapping at 5 years
showed significant difference between BST-CarGel® and microfracture only treated
joints. The authors noted that T2 values of the BST-CarGel® group were always
closer to the ipsilateral native cartilage T2 values measured in the same session. In
another recent study by Steinwachs et al, non-significant change was observed
between preoperative and postoperative T2 values after using BST-CarGel® with
microfractures in the knee chondral defects[21]. The authors believe this was likely
due to the physiological healing process as the images were obtained 6 months after

surgery.

The current study has some limitations. Small sample size as showed the Post-hoc
analysis. The time for T2 mapping follow-up was not the same for all patients
(ranged from 24 to 38 months), so the expected changes in the repair tissue may
differ among patients. The study did not include normal patients without FAI
symptoms for comparison. Although the apparently normal posterior cartilage has
been considered as self-control for comparison, but the minimum 2 years of follow-

up may render this normal cartilage pathologic as a disease progression.
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Repair of cartilage damage remains a great challenge to any joint preserving
surgery. This study showed that patients with large full-thickness acetabular chondral
defects, especially associated with FAI, can benefit from the combined treatment of

microfracture and chitosan-based scaffold.
Conclusion

Combined arthroscopic microfracture and chitosan-based scaffold for treatment of
large full-thickness acetabular chondral defects associated with FAI produced a
homogenous repair tissue similar to the corresponding native cartilage of the same

joint on quantitative T2 mapping at mid-term follow-up.
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N 21

male % 17 (81%)

female % 4 (19%)

Age 39.4 £ 6.8 yrs. (27 - 51)
BMI 23.5+ 2.3 kg/m? (20- 28)
Tegner level 6+1 (3-10)
Follow up 31.3+£46m (24- 38)
CAM-type FAI 14 (67%)

Mixed-type FAI

7 (33%)

Acetabular cartilage

lesion:
size 3.6 +1cm? (2-86)
zone 2 21 (100%)
zone 3 13 (62%)
Table 1: Demographic patient data. Values are n (%) or mean t standard deviation
(range). BMI, body mass index; FAI, femoroacetabular impingement
Normal ;')osterlor Repair cartilage
cartilage

Peripheral Central Global
Mean (ms) 47.1 49.1 50.2 49.8
SD 7.6 7.3 7.2 7.0
Range 36.6 - 69.2 38.5-60 37.8-64.7 38.2-60.8
p-value n.s. * n.s. * n.s. *

Table 2: T2 values (ms=milliseconds) obtained from the normal posterior cartilage
and the areas of repair tissue (peripheral, central and global) expressed in
mean, standard deviation (SD) and range. Comparisons between the normal
and repair cartilage areas are illustrated by the p-value (< 0.05 is statistically

significant). *= non-significant (n.s.)
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Figure 1: Preopertive MRA image of right hip with acetabular chondral delamination.

Sagittal T2 image showing inverted oreo sign

Figure 2: Intraopertive arthroscopic picture of right hip with acetabular chondral

defect. The defect is covered with scaffold-blood mixture
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Figure 3: Postopertive MRI study of right hip with acetabular chondral delamination
after treatment with chitosan-based scaffold . Sagittal T2 mapping image with 3
ROls and corresponding T2 values.
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