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Key points for
consideration

Introduction

Refer to Accelerated
Rehabilitation Guidelines
for the Knee Using MACI®
(matrix-induced autologous
chondrocyte implant):
Exercise Companion Guide
for detailed instructions
and photographs of
gym-based, hydrotherapy,
and proprioception-based
rehabilitation exercises for
each postsurgical phase.
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The fO”OWil’lg document has been provided as a general guideline
for rehabilitation following MACI® (matrix-induced autologous chondrocyte implant).

The emphasis of this guideline is to protect the graft site, allowing regeneration of the
cartilage, and return the patient to an optimal level of function. Notwithstanding the
foregoing, the information provided in this document is intended for educational purposes.
It is not a substitute for medical care nor should it be construed as medical advice.
Consultation with the patient’s treating surgeon is recommended prior to implementing a
rehabilitation program. Individual results may vary.

» Patient adherence to the prescribed rehabilitation program is important and
deviation from the program may compromise the clinical benefit of the MACI implant.

* Lesion size, location and patient characteristics are significant
factors in determining a rehabilitation program for each patient.

* Although timeframes have been established as a guide,
it is more important that goals are reached at the end of each phase prior to
progression to the next.

* It is important to avoid excessive load/weight bearing
on the graft site to allow proper healing. Take note of specific precautions mentioned
in this guide. Information regarding the location, size and specifics of the implantation
site should be obtained from the surgeon.

* Pain and swelling must be carefully monitored throughout the
rehabilitation process. If either occurs in excess to what is routinely seen, the ensuing
activity needs to be identified and appropriately adjusted to lessen the irritation. Ice
packs may be used to control swelling. Ignoring these symptoms may compromise the
success of the surgery and the patient’s outcome.

* At any time during or after the rehabilitation process, if sharp

pain with locking or swelling is experienced, the patient should notify his or her surgeon.

Articular cartilage defects are a common cause of pain

and functional disability seen in orthopaedics and sports medicine practices.

The avascular nature of articular cartilage predisposes individuals to progressive
symptoms and degeneration due to the limited ability of articular cartilage to heal
or regenerate. This guide provides an overview of specific rehabilitation guidelines
following MACI implant, a treatment for articular cartilage defects. This suggested
program is designed using knowledge of basic science, anatomy and biomechanics
of articular cartilage, as well as the natural course of healing following implantation,
and is not intended as a substitute for individual clinical judgment. The goal is to
restore optimal function in each patient as quickly and safely as possible.
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Accelerated Rehabilitation Guidelines for the Knee Using
MACI® (matrix-induced autologous chondrocyte implant)

Postoperative
Timeline
Week 1 WB Status
(Phase 1) * TF joint: < 20% BW
® PF joint: 20-30% BW KEY
BW = body weight
Ambulatory Aids CPM = continuous passive motion
e TF joint: 2 crutches used at all times CKC = closed kinetic chain
e PF joint: 2 crutches used at all times OKC = open kinetic chain
PF = patellofemoral
Knee ROM ROM = range of motion
o TF joint: passive & active ROM from 0-30° TF - tibiofemoral
e PF joint: passive & active ROM from 0-20° WB = weight bearing
Knee Bracing
e TF joint: 0-30°
e PF joint: locked at full knee extension
e Hospital/Clinic — Phase 1 exercises
Week 2-3 WB Status
(Phase 2) e TF joint: < 20% BW (week 1-2) to 30% BW (week 3)
e PF joint: 20-30% BW (week 1-2) to 50% BW (week 3)
Ambulatory Aids
e TF joint: 2 crutches used at all times
e PF joint: 2 crutches used at all times
Knee ROM
e TF joint: active ROM from 0-30° (week 2) to 0-90° (week 3)
e PF joint: active ROM from 0-30° (week 2) to 0-60° (week 3)
Knee Bracing
e TF joint: 0-30° (week 1-2) to 0-45° (week 3)
e PF joint: locked at full knee extension
e Initial postoperative review (pain, swelling & wound)
e Education on appropriate WB & crutch ambulation
e Review home-based exercise program
e Hydrotherapy — Phase 1-2 exercises
e Clinic — Phase 1-2 exercises
e Remedial massage, soft tissue and patella mobilisation, CPM and cryotherapy
Week 4-5 WB Status
(Phase 3) o TF joint: 40% BW (week 4) to 50% BW (week 5)

® PF joint: 75% BW

Ambulatory Aids
e TF joint: 2 crutches used at all times
e PF joint: 1 crutch used at all times

Knee ROM
o TF joint: active ROM from 0-110° (week 4) to 0-125° (week 5)
® PF joint: active ROM from 0-90° (week 4) to 0-120° (week 5)

Knee Bracing

e TF joint: 0-60° (week 4) to 0-90° (week 5)

e PF joint: locked at full knee extension

e Hydrotherapy — Introduce Phase 3 exercises

e Clinic — Introduce Phase 3 exercises

e Remedial massage, soft tissue mobilisation and patella mobilisation
e CPM and cryotherapy as required

Table I. Generic progression of postoperative weight bearing (WB), knee range of motion (ROM) status and exercise rehabilitation.
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Week 6-7 WB Status
(Phase 3-4) e TF joint: 60% BW (week 6) to 80% BW (week 7)
e PF joint: full WB

Ambulatory Aids
e TF joint: 1 crutch used at all times
e PF joint: 1 crutch as required

Knee ROM
¢ TF joint: active ROM from 0-125° (week 6) to 0-135° (week 7)
e PF joint: active ROM from 0-125° (week 6) to 0-135° (week 7)

Knee Bracing

o TF joint: full knee flexion

e PF joint: no brace

e Hydrotherapy — Introduce Phase 4 exercises

e Clinic — Introduce Phase 4 exercises

* Remedial massage, soft tissue mobilisation and patella mobilisation

Week 8-10 WB Status
(Phase 4) o TF & PF joint: full WB as tolerated

Ambulatory Aids
e TF & PF joint: 1 crutch as required

Knee ROM
o TF & PF joint: full active ROM as tolerated

Knee Bracing

o TF joint: full knee flexion

e PF joint: no brace

e Hydrotherapy — Phase 1-4 exercises

e Clinic — Phase 1-4 exercises

e Commence proprioceptive/balance activities

e Remedial massage, soft tissue mobilisation and patella mobilisation

Week 11-12 e Hydrotherapy — Phase 1-4 exercises
(Phase 4) o Clinic/gym — Phase 2-4 exercises
® Progress proprioceptive/balance activities
e Introduce cycling, walking, resistance and CKC activities

3-6 Months e Clinic/gym — Introduce Phase 5 exercises
(Phase 5) e Progress proprioceptive/balance activities
® Progress to more demanding CKC exercises, rowing ergometry and elliptical trainers

6-9 Months e Clinic/gym — Introduce Phase 6 exercises

(Phase 6)  Progress proprioceptive/balance activities
e |ncrease difficulty of OKC & CKC exercises (i.e., step ups/downs, modified squats)
e Introduction of controlled mini trampoline jogging

9-12 Months e Clinic/gym — Introduce Phase 7 exercises
(Phase 7) e Progress proprioceptive/balance activities
e Increase difficulty of OKC & CKC exercises (i.e., lunges/squats on unstable surfaces)
e |ntroduction of agility drills relevant to the patient’s sport
e Return to competitive sport suggested after 12 months
e Graded increase in stress based on maturation of chondral repair
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Foreword Accelerated Rehabilitation Guidelines for the Knee Using
MACI® (matrix-induced autologous chondrocyte implant) are the culmination of almost
10 years clinical experience and research in the pre- and postoperative management
of patients undergoing this surgical procedure. The team at the Hollywood Functional
Rehabilitation Clinic (HFRC) has developed these guidelines in collaboration with Genzyme
Biosurgery; collectively we seek to share our knowledge in order to better equip other
professionals to treat patients during post-MACI implant rehabilitation.

A purpose-built rehabilitation facility, HFRC promotes a multidisciplinary team approach
to patient management. The facility has treated in excess of 400 patients following

MACI implantation and has also adopted a strong research focus into all aspects of MACI
implantation, in particular, the pre- and postoperative education and management of
patients. This has culminated in numerous scientific publications in the field, and is an
integral part of the commitment to development as a centre of excellence in the area.

Published data reported the results of a prospective, randomised comparison of accelerated
approaches to postoperative rehabilitation following MACI implant.! The study followed 70
patients for two years, assessing them pre-surgically, then at 3, 6, 12 and 24 months. While
both groups continued to improve up to 24 months, the accelerated regime showed clinical
and statistical advantages in several metrics. The accelerated group:

¢ Reported significantly less severe pain (Figure 1)
e Demonstrated superior 6-minute walk distance (Figure 2)

e Reached full weight bearing (WB) at 8 weeks, as compared with
11 weeks for the traditional group

e Demonstrated a significant group effect for maximal active knee
extension range

e Showed no incidence of graft delamination up to 24 months that resulted
directly from the 3-month postoperative rehabilitation program

8 -
——Accelerated Group
-x:- Traditional Group
64 Figure 1. Changes in pain
= severity for the accelerated
s and traditional patient groups,
o 4 o P00 b 6017 RO throughout the pre- and
g ;S > S Foo postoperative timeline.!
5 | Figure adapted from reference 1:
P values adapted to reflect the
correct values in the study.
° Pre—surgery' 3-months ' 6-months '12—months ' 24—monthsl
Postoperative Timeline
700 - P<0.017
—x—Accelerated Group
-%-- Traditional Group
E P<0.017 Figure 2. Changes in 6-minute
T 600 - walk distance (m) for the
= P<0.017 A g % accelerated and traditional
g patient groups, throughout the
o pre- and postoperative timeline.!
2 500 - )
= Figure adapted from reference 1:
& ,} P values adapted to reflect the
correct values in the study.
400

Pre-surgery' 3-months ' 6-months '12-months'24-months'

Postoperative Timeline
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Weeks Postsurgery 2 3 4 5 6 7 8 9 10 1 12

Traditional Group
Weight-bearing <20 50 60 70 80 90 | 100
(% body weight)

Table 2. Comparative review of

Crutches 2 1 1 1 1 1 1 0 load-bearing gradients followed
by MACI implant patients in

Accelerated Group the traditional and accelerated

Weight-bearing <20 30 40 50 60 80 & 100 rehabilitation groups.?
(% body weight)

Crutches 2 2 2 2 1 1 1 0

In summary, the accelerated weight-bearing approach produced comparable, if not
superior, clinical outcomes when compared with traditional methods, while demonstrating
a faster return to normal function postsurgery'. See Table 2 for a comparative review of

the two rehabilitation schedules.

Accelerated Rehabilitation Guidelines for the Knee Using MACI® (matrix-induced autologous
chondrocyte implant) detail the accelerated approach; they are representative of HFRC’s
link between quality research and quality clinical application. The guidelines include:

¢ An overview of the field of cartilage repair/regeneration surgery
¢ The principles of post-MACI implant rehabilitation

¢ An outline of postoperative rehabilitation guidelines spanning seven
phases of repair tissue maturation and patient progress

e Additional recommended readings for the treating therapist

In addition, Accelerated Rehabilitation Guidelines for the Knee Using MACI®
(matrix-induced autologous chondrocyte implant): Exercise Companion Guide has
been developed to provide detailed instructions and visual references for each of
the gym-based and hydrotherapy exercises listed in the guidelines.

Finally, please note that these guidelines are intended as a guide only, and professional
discretion must be applied at all times when prescribing and monitoring exercises for
patients. This is by no means the definitive rehabilitation plan for all MACI implant
patients; there is great individual variation between patients that must be taken into
consideration throughout the rehabilitation process.

I would like to acknowledge the pioneering work in the field of post-MACI implant
rehabilitation previously established by Dr. Brett Robertson. Furthermore, both

Dr. Robertson and Dr. Helen Gilbey must be acknowledged for their coauthorship of the
first edition of these guidelines, while Professors David Wood and Ming Hao Zheng are
to be thanked for their ongoing research that led to the evolution of the protocols within
the current guidelines.

For more information, please visit our web site at: www.hfrc.com.au.

Thank you.
b
P
o

Dr. Jay R. Ebert, PhD, ESSAM 5
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Overview of
Cartilage Repair
and Regeneration
Techniques

Articular Cartilage

Articular or hyaline cartilage covers the ends of bone in moveable joints, allowing
smooth and near frictionless articulation?, thereby protecting joints from the harsh
load-bearing and movement demands of daily activity. Despite these properties,
once injury does occur, articular cartilage is unable to regenerate the same hyaline
matrix. The knee is the most common site for articular cartilage injury in the lower
limb, accounting for about 75% of all osteochondral lesions*.

Articular cartilage lacks arterial and lymphatic supply, relying on diffusion of
nutrients from the synovial fluid within the joint>. This lack of blood supply hampers
the healing process®, since the vascular system is required to transport specific
cells that clear necrotic (damaged) material and synthesise new tissue as well as
other molecules that provide the most optimal healing environment’ to and from
the injured area. Further, the articular cartilage framework contains no nerve
supply, thus rendering the tissue insensitive to early injury®. Ultimately, damage

to the articular cartilage in the knee often results in pain and functional limitation,
further leading to reduced activity, muscle atrophy and a downward spiral of joint
degradation and debilitation.

1/3/11 7:08 AM



Traditional Treatment Options

A number of cartilage repair techniques have been investigated including debridement
and lavage, as well as marrow stimulation techniques such as microfracture, subchondral
drilling and abrasion arthroplasty. These procedures may temporarily alleviate symptoms
such as pain; however, the fibrocartilage formed in response to some of these procedures
does not possess the biomechanical or biochemical properties of hyaline articular cartilage®.
Although it covers the subchondral bone, fibrocartilage repair tissue may still fail to
distribute the loads across the articular surface in a manner that avoids pain and further
joint degeneration'®'2. Other treatment options include osteochondral autografting
(mosaicplasty/OATS), usually used for smaller lesions because of the morbidity of large
donor sites'® and osteochondral allografts. The use of allografts has been limited because
of a low supply of suitable grafts and the risk of disease transmission'“. Consequently, new
repair methods have centred on cell regeneration techniques that lead to the long-term
regeneration of cartilage.

Cell Regenerative Treatment Options
Therapies using cultured autologous chondrocytes

In autologous chondrocyte implantation (P-ACl), a patient’s own cartilage cells
(chondrocytes) are isolated and cultured in vitro, then re-implanted into the cartilage.

A periosteal flap, usually taken from the proximal medial tibia®, is cut to fit the defect and
sutured around the defect border; this acts as a watertight seal. This repair procedure
has demonstrated early clinical success in treating focal articular cartilage defects in the
knee'>'8, but suffers from complications related to overgrowth of the periosteal flap'e.

Collagen-covered ACI (C-ACl) provides surgical advancements to traditional ACI.

A biodegradable type I/lll collagen membrane contains the implanted chondrocytes,
eliminating the drawbacks associated with the use of the periosteal flap. However,
problems remain, such as the extensive micro-trauma from suturing, as well as possible
cell leakage'”.

MACI implant is a third-generation ACI; the chondrocytes are seeded directly onto the
biodegradable type I/lll collagen membrane during the manufacturing process which enables
the attachment of the chondrocytes to the membrane. During the implant procedure the
membrane is fixed in place with fibrin glue, which has been shown to support migration
and proliferation of human chondrocytes'®'®. Therefore, the MACI implant does not suffer
the limitations encountered by using the periosteal patch'’: the surgical procedure is less
complex and time consuming than 1%t or 2" generation ACI, as periosteal harvest is not
required, and a smaller incision is required to obtain defect exposure'®'’; there is even an
option for arthroscopic implantation®°. In addition, the reduced anaesthetic and tourniquet
time associated with MACI implant, as opposed to P-ACI and C-ACI, make undertaking
concurrent procedures such as anterior cruciate ligament reconstruction more favourable?'.
Five-year studies have been supportive®??* and long-term studies currently underway are
expected to show long-term efficacy.

8 Overview of Cartilage Repair and Regeneration Techniques
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Principles of

post-MACI Implant

Rehabilitation

Postoperative rehabilitation following MACI implant returns
patients to an optimal level of function through a gradual and progressive program
that emphasises full motion, progressive partial weight bearing (WB) and controlled
exercises?®. This progressive program should be tailored to each patient’s individual
status and needs, the location and size of the defect, and any additional surgical
procedures that may have been performed?¢. Throughout rehabilitation, the focus
remains on protecting and progressively stimulating the implanted cells, so that the
best development and differentiation of the chondrocytes can occur.

Throughout the MACI implant postoperative timeline, the mechanical environment
plays a critical role in chondrocyte re-differentiation and development. In essence,
rehabilitation is designed to activate the cell-mediated progression of MACI
implant-induced regenerative cartilage into physiologically functional articular
cartilage. Articular cartilage responds to mechanical stimuli such as loading and
unloading, through altered cell metabolism and matrix synthesis?’. The interaction
of extracellular proteins (such as collagen and proteoglycan aggregate) strengthen
and stiffen articular cartilage, as does resistance to tensile and compressive
external stresses?®. In vivo studies have shown that mechanical exercise of the knee
joint increases this protein content in normal articular cartilage, while decreased
activity has the reverse effect?°3°,

1/3/11 7:23 AM
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The type of mechanical loading experienced by
the articular surface has the potential to regulate
chondrocyte differentiation.

Cyclic compressive loading has been shown to enhance
chondrogenesis®!, as well as matrix synthesis and gene
expression in cartilage tissue®?*, dependent on the duration
and frequency of dynamic compression®.

Shear loading across the knee articular surface in later stages
of rehabilitation has also been shown to result in increased
matrix production and improved biomechanical structure® .
Caution: shear loading in early stages may have implications
for graft delamination.

Static compression®**** and immobilisation during the
postoperative period appear detrimental to the development

and repair of cartilage™.

408452.CS5.indd 10

Of course, favourable proliferative conditions should not
be pushed at the expense of potential graft delamination,
especially in the early developmental stages. Thus, a
structured rehabilitation program is essential to promote
an optimal healing environment that is both safe and
stimulating for the developing repair tissue.

At present, a progressive increase in dynamic loading is
thought to be best provided through a structured exercise
and partial WB gait rehabilitation program. Though the
postoperative environment is imperative to short-, mid-

and long-term clinical and biological graft outcomes, the
pre-operative condition of the patient is also important in
creating the optimal biomechanical environment at the knee
in preparation for surgery and the postoperative progression
of graft loading. Therefore, we will discuss both pre- and
postoperative patient outcomes.

Above all, it is critical to remember that postoperative
regenerative tissue is biomechanically inferior to functional
articular cartilage which is capable of withstanding

the typical demands placed upon load-bearing joints.
Throughout the rehabilitation process, the overarching
goal is the best transition from the first to the latter.

At present, a progressive increase in dynamic loading is thought
to be best provided through a structured exercise and partial WB

gait rehabilitation program.

Principles of post-MACI Implant Rehabilitation
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MACI Implant Pre-operative
Rehabilitation

The MACI implant rehabilitation process should begin
prior to surgery: Patients need to be physically and
mentally prepared for their operative procedure and the
associated rehabilitation process. The therapist should
focus on improving strength, mobility and function around
the affected knee joint, as well as assessing associated
musculoskeletal issues spanning the entire kinetic chain.
The therapist should also offer the patient theoretical and
practical education concerning the postoperative process.

As an ancillary benefit of pre-operative rehabilitation work,
when patients return to the clinic postsurgery they are
familiar with the clinic protocols, the staff, the environment
and the exercise routines. They also receive support and
social interaction from other patients and staff.

408452.CS5.indd 11

Specific objectives of the pre-operative program

I. Increase bilateral strength, balance, mobility and
function of the muscles and connective tissue of the
lower limb

2. Increase bilateral active knee range of motion
(ROM) and reduce pre-operative contractures

3. Improve muscular strength of the upper limbs
and trunk to assist early postsurgery tasks of bed/chair
transfers and crutch ambulation

4. Improve cardiovascular fitness which may aid
faster recovery from surgery

5. Ensure the patient is proficient in ambulating
and negotiating stairs using two crutches

6. Provide appropriate pre-operative
education regarding the surgical procedure and
chondrocyte maturation process, thus preparing the
patient psychologically for surgery and the lengthy
rehabilitation process

7. Where appropriate, facilitate weight loss for
normal height-to-weight ratio

Principles of post-MACI Implant Rehabilitation @
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MACI Implant
Postoperative Rehabilitation

The majority of surgeons and therapists agree that
postoperative rehabilitation is a critical factor in achieving
best patient outcomes*>. Robertson et al.“¢ proposed four
main factors that influence patient outcome and quality of
repair tissue following any MACI implant procedure to
the knee:

1. Successful cell culturing
2. Efficiency of the surgical procedure

3. Patient cooperation in all aspects of the pre- and
postoperative program

4. Timely progression of load bearing and
postoperative rehabilitation

Therefore, it is imperative that patients are well supervised
throughout the postoperative period, and adhere to a
safe, progressive and structured rehabilitation program.
Three main components of the postoperative rehabilitation
program are clearly established:

1. A progressive increase in weight-bearing (WB)
activities

2. A progressive restoration of knee joint range
of motion (ROM)

3. Appropriate facilitation of muscular control
and strengthening*’

Thus, therapists experienced in musculoskeletal
rehabilitation can treat MACI implant patients safely and
with confidence—providing they are well educated in the
following four important areas:

1. Patient demographics, as well as the ability to listen
and communicate effectively with the patient

2. The wide array of surgical techniques that may be
performed in combination with MACI implant, and an
ability to adapt the rehabilitation program to
incorporate these techniques

3. Knee joint biomechanics

4. The graft maturation timeline, and how this
maturation process facilitates the modality,
frequency and intensity of activity permitted
throughout the postoperative timeline

12 ) Principles of post-MACI Implant Rehabilitation

Understanding Patient Individuality

Individual patients undergoing the MACI implant technique
vary greatly; variations include age, gender, body mass,
physical function, other comorbidities, defect aetiology and
the length of time prior to surgery with pain and symptoms.
Some of these can dramatically affect outcomes.

e The age range indicated for MACI implant is typically
between 15-55 years, but may vary due to regional
regulatory and therapy licensing requirements. While age
and gender have not been shown to significantly affect
postoperative clinical outcome®, it is well known that as
one ages associated regenerative capacity diminishes.

The body mass index (BMI) for MACI implant should be
< 304959, Studies show that any reduction in body weight
results in a four-fold reduction in loads experienced at
the knee during normal ambulation and daily activities®'.
This highlights the importance of pre-operative weight
loss and postoperative weight maintenance so as not to
overload postoperative repair tissue.

A short (acute injury) history of trauma, pain and
symptoms leading up to the MACI implant procedure are
decisive factors in a good clinical outcome, as compared
with long-standing trauma or degenerative cartilage
defects*®. However, MACI implant may be used as a
secondary treatment following alternative failed cartilage
repair procedures*®; there are often rehabilitative
implications associated with a long duration of symptoms>2.
Therefore, it is important to thoroughly document a good
patient history; patients with long-standing pain and/or
those that have undergone previous surgical procedures
may require a more conservative approach.

Of course, in addition to these patient variables,
“individuality” remains the overriding variable. Patients
progress at different rates and experience different levels
of pain, symptoms and joint effusion. Session-to-session
treatment plans will be highly dependent upon these
factors, as well as individual patient compliance to

the program.
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Understanding Adjunct Surgical Procedures

MACI implant is not advised in a number of conditions—
including uncorrected knee malalignment (tibiofemoral

or patellofemoral), ligamentous instability and meniscal
deficiency®3>* —a variety of adjunct surgical procedures may

be performed in combination with the MACI implant surgery.

It is not the purpose of this document to present a
thorough outline of rehabilitation variations that may
exist between patients who undergo MACI implant versus
those with MACI implant in combination with an auxiliary
procedure. However, it is the responsibility of the treating
clinician to effectively adapt rehabilitation strategies

to suit these surgical variations and any unexpected
complications.

Understanding Knee Biomechanics

Generally, MACI implant is used for symptomatic

lesions located on the femoral condyles or tibial plateau
(tibiofemoral joint), and/or the trochlea groove or patella
(patellofemoral joint)>>¢. To avoid excessive compressive
and/or shear loads that may be detrimental to the repair,
it is imperative that the treating therapist has a sound
knowledge of the individual articulation mechanics of each
area, particularly in response to weight-bearing (WB) and
knee flexion.

The following brief overview of important biomechanical
implications addresses some key elements. Thorough
outlines of knee joint biomechanics are readily
available®%* and recommended for further review.

e Patellofemoral (PF) Joint: Both WB®® and active knee
flexion®® act to increase contact force through the PF
joint; this should be considered particularly in the early
protection stage post-implantation. Generally, the
inferior pole of the patella does not make contact with
the opposing trochlea groove within the first 20-30
degrees of knee flexion®°. Therefore, upon clearance
from the orthopaedic specialist, a well-contained patellar
graft may enable a patient to fully weight bear from the

408452.CS5.indd 13

time of surgery, provided they ambulate with a knee
brace locked at full extension. As the knee continues to
flex, there is an increasing PF contact area. Initially, the
inferior patellar facet makes contact with the superior
trochlea groove at approximately 30 degrees of knee
flexion, followed by the mid patellar facet with the mid
trochlea at 60 degrees and the superior patellar facet
with the inferior trochlea and femoral condyles at 90
degrees of knee flexion®%-0,

Tibiofemoral (TF) Joint: The anterior aspect of the
femoral condyles makes contact with the mid surface of
the tibial plateau at full knee extension. As the femoral
condyles roll posteriorly and slide anteriorly on the tibial
plateau with knee flexion, the posterior aspect of the
femoral condyles and tibial surface are in contact®'-2.
Again, this will dictate the exercise modality and range
in which activity can be safely performed when working
with TF grafts, and further highlights the importance

of accumulating a thorough patient history from the
referring specialist (e.g., a graft to the anterior femoral
condyle may safely permit a range of different exercises,
performed in a more flexed knee, when compared to a
graft on the posterior aspect).

Principles of post-MACI Implant Rehabilitation @
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Understanding Graft Maturation

Titrating postoperative rehabilitation to each stage of
rehabilitation is of great importance to the outcome of

the procedure: over-stimulation may lead to overload and
early degeneration of the patch, whereas lack of stimulus
may not encourage optimal chondrocyte development®’.
Since the repair process follows typical proliferative, matrix
production and remodelling phases, if the mechanical
environment provided is both protective and stimulatory of
that repair process, then the tissue can continue to remodel
and mature®’ differentiating into the required durable, load-
bearing tissue (Figure 3).

Clinical studies® identify four stages of tissue maturation.
These stages are:

1. Implantation and Early Protection Stage (0-6 weeks):
Post-implantation the focus rests on restoring knee joint
homeostasis and protecting primitive repair tissue.

2. Transition and Proliferation Stage (6-12 weeks): The
defect fills with soft, primitive repair tissue.

3. Remodelling Stage (12-26 weeks): The graft firms as the
extracellular matrix expands.

4. Maturation Stage (26 weeks onwards): The intercellular
matrix further remodels and the repair tissues stiffen.
The length of this process consequently has significant
implications for the timing and specifics of the rehabilitation
plan. Between 12 and 26 weeks postsurgery, repair
tissue has a putty-like texture. Though the graft is as firm
as normal cartilage by 9 to 18 months®®, repair tissue
continues to develop and remodel up to three
years following surgery®.

@ Principles of post-MACI Implant Rehabilitation

1. Implantation & Early Protection (0-6 weeks): The
type I/lll collagen membrane (A) with seeded
chondrocytes is glued onto the subchondral bone
(C) using fibrin glue (B). A well-contained defect
may be partially protected in the early stages by
the walls of the adjacent native cartilage (D).

2. Transition & Proliferation (6-12 weeks):
Chondrocytes migrate from the membrane through
the fibrin sealant, and the defect begins to fill with
a soft, primitive repair tissue.

3. Remodelling (12-26 weeks): Chondrocytes begin
to produce a matrix consisting of type Il collagen,
aggrecan and other important matrix proteins. The
graft begins to firm.

4. Maturation (26 weeks—3 years): Cartilage infill is
complete, while chondrocytes and matrix reach full
maturity. There is good integration of the graft with
the adjacent native cartilage and underlying bone.
The graft is now firm.

N

Figure 3. Paradigm of cartilage regeneration following MACI
implant. The postoperative timeline of tissue maturation dictates
the progression of activity. It is important to note that although
graft infill may approximate the height of the adjacent healthy
articular cartilage walls at 12-26 weeks postsurgery, this tissue
remains immature with a “putty-like” texture; it will continue to
develop for up to three years postsurgery®°.
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The Importance of Individualization

Program individualization is one of the most important principles of
MACI implant postoperative rehabilitation. While the guidelines outlined within
this section document a generic strategy based on clinical experience and good
quality research, each patient will have unique circumstances surrounding his or
her surgery and a unique response to the surgery itself. When developing and
undertaking the rehabilitation plan, the following factors should be considered:

1. Patient age and physical function.

2. Patient body weight: In particular, patients with a body mass index (BMI) > 25
(overweight) to 30 (obese) should be carefully monitored.

3. Defect location: The regional location of the repair will affect the exercise
modality and intensity that can be performed throughout the rehabilitation
process (e.g., tibiofemoral [TF] grafts will typically require more caution to
weight-bearing [WB] status, whilst patellofemoral [PF] grafts will draw caution to
the progression of knee range of motion).

4. Defect size: Patients with large defects, in particular those >6 cm?, may require
a more conservative approach to rehabilitation.

5. Multiple defects: Patients with multiple implantations, particularly if those grafts
span different areas of the knee joint (e.g., primary medial femoral condyle graft
within the TF joint in association with a secondary trochlea graft within the PF
joint), may require a more conservative approach to rehabilitation.

6. Adjunct surgical procedures: It is important to account for other associated
surgical procedures that have been performed to correct joint malalignment
(e.g., tibial tubercle transfer to address PF malalignment, or a tibial or femoral
osteotomy to address TF malalignment) or instability (e.g., anterior cruciate
ligament reconstruction).

Postoperative MACI Implant Rehabilitation Guidelines
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Though four primary stages of tissue maturation have been
previously outlined (early protection, transition, remodelling and maturation)®,
we have divided this generic postoperative rehabilitation program into seven
phases (Table 3), based more specifically upon the progressive physical function
of the patient, as well as the graft maturation timeline.

The early postoperative stages are of great importance to the outcome of the
procedure®’; however, repair tissue continues to develop and remodel up to three
years following surgery®’°. For this reason, short-, mid- and long-term rehabilitation
strategies will combine to produce the most optimal long-term outcome.

Rehabilitation Phases
Maturation Stages of Repair Tissue

1. Phase 1: O-1 week postsurgery

Implantation and Protection
2. Phase 2: 2-3 weeks postsurgery " (0-6 weeks)

3. Phase 3: 4-6 weeks postsurgery =
Transition and Proliferation

4. Phase 4: 7-12 weeks postsurgery | (6-12 weeks)
5. Phase 5: 3-6 months postsurgery } 562”_‘;2?/\’”25 5

6. Phase 6: 6-9 months postsurgery ]

Maturation

7. Phase 7: 9-12 months postsurgery (26 weeks onwards)

and return to sport

Table 3. Phases of postoperative rehabilitation and the associated graft maturation timeline.

Please reference the Accelerated Rehabilitation Guidelines for the Knee Using
MACI® (matrix-induced autologous chondrocyte implant): Exercise Companion
Guide to find detailed instructions and visual references for each of the
gym-based and hydrotherapy exercises described in the following pages.

Postoperative MACI Implant Rehabilitation Guidelines 17
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Phase One:
Inpatient hospital stay (0-1 week postsurgery)

During the days immediately following
postsurgery, it is important to maintain joint
mobility and muscle tone without placing undue stress
on the implant area. Prior to discharge, the patient
also must be proficient in and comfortable with all
aspects of home exercise and functional activities.

18 ) Postoperative MACI Implant Rehabilitation Guidelines
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Time span and dependencies

The postoperative in-patient timeline begins at surgery
and may last to postoperative day 7; the time span is
highly dependent on what adjunct procedures may have
been performed, coinciding patient-specific factors and
postoperative complications.

Goals

Maintain joint mobility and muscle tone while adhering
to all postoperative precautions.

Rehabilitation plan

Initiate on postoperative day 1 unless otherwise instructed
by the operating surgeon.

1. Provide appropriate analgesics for pain control.

2. Commence continuous passive motion (CPM) (0-30° of
knee flexion) 12-24 hours postsurgery, for a minimum
of 1 hour daily to reduce the chance of intra-articular
adhesions’! and potentially speed up and improve the
quality of tissue repair.’274

3. Fit a postoperative range of motion (ROM) control
brace (initially set at 0-30° of knee flexion); this should
be worn 24 hours per day for the first 3 weeks.

4. Apply cryotherapy as standard oedema control
(20 minutes with ice, at least 3 times per day).

5. Perform active dorsi-flexion and plantar-flexion exercises

of the ankle to encourage lower extremity circulation.

6. Encourage isometric contraction of the quadriceps,
hamstrings and gluteal musculature to help maintain
muscle tone and minimise muscle loss.'487

7. Oversee breathing exercises to ensure proper technique

during therapeutic exercise.

8. Offer instruction and practice in proficient toe-
touch ambulation (using 2 crutches, with < 20% of
body weight [BW] through the operated limb, unless
otherwise indicated by the operating surgeon), and
safety with bed transfers and stairs.

9. Provide detailed verbal and written instruction on
how to perform activities of daily living and functional
tasks, whilst adhering to postoperative precautions and
appropriate weight-bearing (WB) status.

408452.CS5.indd 19

Contraindications

1. Excessive load bearing (>20% of patient BW) especially
in combination with knee flexion

2. Ambulation without crutches and a protective knee brace

3. Generation of shear forces within the knee

4. Knee flexion beyond 30°

5. Active knee extension (especially against resistance)

Prior to discharge

1. Ensure that the patient has an initial appointment
(or appropriate contacts) for out-patient functional
rehabilitation.

2. Ensure that the patient is aware that the next
postoperative appointment with the orthopaedic
surgeon normally occurs within 4-6 weeks postsurgery.

3. If required, ensure that patient has an appointment
for the removal of stitches/staples, or is aware when
they must be removed (generally within 8-10 days
postsurgery).

4. Instruct and educate the patient on the importance of
following the RICE (rest, ice, compression and elevation)
guidelines for oedema control.

5. Reinforce WB constraints and brace guidelines.

6. Review the home exercise regimen, ensuring the patient
is proficient in safely performing these activities.

7. Review (and educate on) techniques for performing
functional activities (e.g., stairs, bed transfers,
showering, etc.), ensuring the patient is proficient in
safely performing these activities.

8. Ensure the patient is educated in wound healing, and
how to assess changes in the wound and surrounding
soft tissue that may indicate infection.

PLEASE REFER TO PHASE ONE IN THE EXERCISE
COMPANION GUIDE FOR MORE DETAILED
INSTRUCTIONS ON THE EXERCISES.

Postoperative MACI Implant Rehabilitation Guidelines 19

1/3/11 7:09 AM



Phase Two:
Weeks 2-3 postsurgery

During these first weeks, the patient should

achieve pain-free and full passive knee extension,

as well as limited weight bearing. Additional focus

is placed on maintaining muscle tone and ensuring )
proper wound healing and oedema control.

20 Postoperative MACI Implant Rehabilitation Guidelines
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The initial postoperative
out-patient session

1. Review the patient’s level of pain and medication use.

2. Review the patient’s swelling and provide appropriate
education on the RICE (rest, ice, compression and
elevation) guidelines for oedema control.

3. Review the patient’s wound and reinforce education on
wound monitoring, cleanliness and infection control.

4. Ensure the appropriate knee brace is obtained, correctly
fitted and adjusted appropriately (0-30° of knee
flexion, or as directed by the orthopaedic specialist).

5. Ensure proficiency with crutches, both during normal
ambulation and negotiating stairs.

6. Provide appropriate education, training and proficiency
with the desired level of partial weight-bearing (WB)
(£20%, or as directed by the orthopaedic specialist)’®.

7. Reiterate instructions and movement contraindications
outlined by the orthopaedic specialist and the hospital
rehabilitation therapists.

8. Review and progress the home exercise program,
based on the current postoperative timeline and status
of the patient.

Goals

By week 3 postsurgery, patients are expected to achieve:

1. Pain-free knee flexion of 90° for tibiofemoral (TF)
grafts and 60° for patellofemoral (PF) grafts.

2. Pain-free and full passive knee extension.

3. Proficient heel-to-toe gait with 30% body weight (BW)
for TF grafts or 50% BW for PF grafts, using 2 crutches
and a knee brace.

4. Reduced (and/or well controlled) postoperative pain and
oedema.

5. Ability to generate an active, isometric quadriceps
contraction.

6. Proficiency with home-exercise program.

Rehabilitation plan

WEIGHT BEARING

Electronic scales should be used as a means to train,

educate and provide practice to patients in attaining

the desired levels of partial WB’>7¢, calculated as

a percentage of the patient’s BW, throughout the

postoperative timeline.

e TF joint: progress from <20% BW (week 1-2) to
30% BW (week 3)

e PF joint: progress from 20-30% BW (week 1-2) to
50% BW (week 3)
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AMBULATORY AIDS
e TF joint: 2 crutches
e PF joint: 2 crutches

RANGE OF MOTION (ROM)

e TF joint: progress active ROM from 30° (week 2) to 90°
(week 3)

e PF joint: progress active ROM from 30° (week 2) to 60°
(week 3)

PROTECTIVE KNEE BRACING

e TF joint: progress brace from 0-30° (week 1-2) to 0-45°
(week 3)

e PF joint: lock brace at full knee extension

RANGE OF MOTION AND FLEXIBILITY EXERCISES

e Use continuous passive motion (CPM) at the end of
each session for 20-30 minutes to reduce the chance of
intra-articular adhesions’' and potentially speed up and
improve the quality of tissue repair’>74

e TF joint: progress from 30° (week 2) to 90° (week 3)

e PF joint: progress from 30° (week 2) to 90° (week 3)

e Passive and active heel slides

e Passive knee extension

e Careful patellar mobilisation in all directions

STRENGTHENING EXERCISES

e |[sometric quadriceps contraction and co-contraction
activities (aided with the use of neuromuscular electrical
muscle stimulation to stimulate voluntary muscular
contraction)

e |sometric gluteal, hamstrings, adductor and calf
contractions

e Straight-leg-raise activities (hip flexion, abduction,
adduction and extension)

HYDROTHERAPY EXERCISES

e Deep-water walking (forwards, backwards and sideways)

e Deep-water calf raises

e Straight-leg hip flexion, extension, abduction and
circumduction (with or without floatation devices for
additional resistance)

e Passive knee flexion

e Stretching of hamstring and calf musculature

ADJUNCT MODALITIES

e Perform clearance and lymphatic remedial massage as
needed to assist in the reduction of soft tissue oedema

e Perform cryotherapy, compression and elevation
regularly to assist in the reduction of soft tissue oedema

PLEASE REFER TO PHASE TWO IN THE EXERCISE
COMPANION GUIDE FOR MORE DETAILED
INSTRUCTIONS ON THE EXERCISES.
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Phase Three:
Weeks 4-6 postsurgery

During Phase Three, the patient
increases weight-bearing and range-of-motion
activities, as appropriate, while augmenting
strengthening exercises.

22 Postoperative MACI Implant Rehabilitation Guidelines
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Goals
By week 6 postsurgery, patients are expected to achieve:

1. Pain-free active knee flexion to 125°.

2. Proficiency in performing home exercises, including a
straight-leg raise.

3. Pain-free gait using 1-2 crutches (dependent on weight-
bearing [WB] status), a knee brace and 60% body weight
(BW) pressure for tibiofemoral (TF) grafts. Patients with
patellofemoral (PF) grafts may be progressed to full WB
as tolerated, following clearance from the orthopaedic
specialist.

Rehabilitation plan

WEIGHT BEARING

e TF joint: progress from 40% BW (week 4) to 60% BW
(week 6)

e PF joint: progress from 75% BW (week 4) to full WB
(week 6)

AMBULATORY AIDS

e TF joint: 1-2 crutches

e PF joint: 1-2 crutches (weeks 4 and 5); 1 crutch as
required (beginning at week 6)

RANGE OF MOTION (ROM)

e TF joint: progress active ROM from 110° (week 4)
to 125° (week 6)

e PF joint: progress active ROM from 90° (week 4)
to 125° (week 6)

PROTECTIVE KNEE BRACING
e TF joint: progress brace from 0-60° (week 4) to
full flexion (week 6)
¢ PF joint: use brace as required (beginning at week 6)

RANGE OF MOTION AND FLEXIBILITY EXERCISES

e Continue Phase 1 and 2 flexibility/stretching exercises

e Stretch hamstrings and calf musculature

e Carefully mobilise patella in all directions

e Use continuous passive motion (CPM) to maximum
comfortable range as required
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STRENGTHENING EXERCISES
e Continue Phase 1 and 2 strengthening exercises
e Progress straight-leg-raise activities (i.e., supine straight-
leg hip flexion half-seated and/or with externally
rotated foot)
e Introduce side-lying gluteal exercises with a flexed knee
e Introduce standing-calf raises (dependent on WB status)
e Introduce seated or standing weighted-hip adduction and
abduction
e Introduce trunk strengthening exercises
— Supine sit-ups
— Weight-supported trunk flexion
¢ Introduce recumbent cycling (modified knee flexion; 90°)
(weeks 5-6)

HYDROTHERAPY EXERCISES

e Continue Phase 2 hydrotherapy exercises

¢ Introduce active knee flexion (with floatation devices for
additional resistance)

e Introduce shallow water walking (waist depth, dependent
on WB status)

e Introduce shallow-water calf raises

¢ Introduce deep-water squatting activities

e Introduce pool cycling (full knee ROM)

ADJUNCT MODALITIES

e Perform clearance and lymphatic remedial massage
as required

e Perform cryotherapy, compression and elevation
as required

PLEASE REFER TO PHASE THREE IN THE EXERCISE
COMPANION GUIDE FOR MORE DETAILED
INSTRUCTIONS ON THE EXERCISES.
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Phase Four:
Weeks 7-12 postsurgery

In Phase Four, the patient works towards
movement independent of ambulation devices and
knee braces. Focus is also placed on becoming
thoroughly proficient with the rehabilitation exercises,

as clinic visits become less frequent.

24 Postoperative MACI Implant Rehabilitation Guidelines
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Goals

By week 12 postsurgery, patients are expected to achieve:

1. Pain-free active knee range of motion (ROM) within
anatomical limits (0° to 130-160°).

2. Pain-free six-minute walk test’®’” without the use of
walking aids.

3. Pain-free upright cycle ergometry, without the protective
knee brace.

4. Proficiency in performing home and gym-based exercises,

for continuation of rehabilitation following clinic discharge.

Following the completion of Phase Four, patients generally
undergo a 3-month postsurgery assessment, and a written
report is sent to the orthopaedic specialist to coincide with
the patient’s review.

Rehabilitation plan

WEIGHT BEARING

e Tibiofemoral (TF) joint: progress from 80% body weight
(BW) (week 7) to full weight bearing (WB) (weeks 8-10)

e Patellofemoral (PF) joint: full WB

AMBULATORY AIDS

Upon clearance from the orthopaedic specialist, patients

with TF are generally permitted to fully weight bear indoors

without crutches, though a single crutch outdoors and in

unfamiliar areas is encouraged.

e TF joint: 1 crutch as required in outdoor/unfamiliar areas
(beginning week 8)

e PF joint: no crutches

RANGE OF MOTION (ROM)
e TF joint: progress to full active knee ROM (weeks 7-8)
e PF joint: progress to full active knee ROM (weeks 7-8)

PROTECTIVE KNEE BRACING
¢ TF joint: allow full knee flexion within brace
e PF joint: no brace

RANGE OF MOTION AND FLEXIBILITY EXERCISES

e Continue Phase 2-3 flexibility/stretching exercises

e Stretch quadriceps musculature (weeks 9-10)

¢ Introduce passive knee ROM on rowing ergometer
(weeks 9-10)

e Carefully mobilize patella in all directions

e Conduct continuous passive motion (CPM) to maximum
comfortable range as required

408452.CS5.indd 25

STRENGTHENING EXERCISES

e Continue Phase 2-3 strengthening exercises

e Introduce standing weighted hip adduction and abduction

e Introduce weighted knee flexion (week 8)

e Introduce upright (knee flexion; 105-110°) cycling
(weeks 9-12)

HYDROTHERAPY EXERCISES

e Continue Phase 2-3 hydrotherapy exercises

e Stretch quadriceps musculature

e Progress water squatting activities

e Introduce weight-supported lunge activities

e Introduce weight-supported “step up and down” activities
e Introduce “patter” kick (week 12)

ADJUNCT MODALITIES

e Perform clearance and lymphatic remedial massage
as required

e Perform cryotherapy, compression and elevation
as required

PROPRIOCEPTION EXERCISES

Introduced following the return to full WB, both within the

hydrotherapy pool and the clinic setting, these activities

should be undertaken on both the affected and non-affected
leg. Slowly progress proprioceptive activities from partial

to full WB positions by altering:

1. The patient’s postural position (i.e., seated to standing).

2. The environment in which the activity is to be undertaken
(i.e., gym- or pool-based).

3. Proprioceptive input mechanisms (i.e., eyes open
or closed).

4. The speed of movement.

5. The magnitude of the base of support (i.e., 2-legged to
1-legged).

6. The stability of the base of support (i.e., introduction of
unstable surfaces including a soft mat or pillow, wobble
board, dura disc, theraball or mini trampoline).

7. Introducing “weight transfer” and/or “sport-specific drills”
with other equipment.

PLEASE REFER TO PHASE FOUR IN THE EXERCISE
COMPANION GUIDE FOR MORE DETAILED
INSTRUCTIONS ON THE EXERCISES.
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Phase Five:
Months 3-6 postsurgery

During these months, the majority of patients
return to work either on a part-time or full-time basis.
Therefore, patients either continue to attend the
outpatient clinic once or twice per week independently
(though group supervised), or should continue with
their prescribed gym and home rehabilitation program
independently.

26 Postoperative MACI Implant Rehabilitation Guidelines
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Goals

By 6 months postsurgery, patients are expected to

achieve:

1. Normal gait pattern without pain, walking aids or a
knee brace.

2. Ability to negotiate stairs and mild gradients.

. A return to work, depending on the demands of the job.

4. Proficiency in performing a weighted-leg press through
60-90° of knee flexion, and with up to (though no more
than) 50% of body weight (BW) pressure.

5. Proficiency in performing full weight-bearing (WB)
proprioception activities.

W

Rehabilitation plan

WEIGHT BEARING
e Tibiofemoral (TF) and patellofemoral (PF) joint: full WB

AMBULATORY AIDS
e TF and PF joint: no crutches

RANGE OF MOTION (ROM)
e TF and PF joint: full and pain-free active knee ROM

PROTECTIVE KNEE BRACING
e TF and PF joint: no brace

RANGE OF MOTION AND FLEXIBILITY EXERCISES
e Continue Phase 3-4 flexibility/stretching exercises
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STRENGTHENING EXERCISES

e Continue Phase 3-4 strengthening exercises

e Introduce bridging exercises

e Introduce standing single-leg calf raises

e Introduce modified open kinetic-chain (OKC) exercises
(e.g., terminal leg extension, with appropriate use based
on lesion location and knee joint biomechanics)

¢ Introduce modified closed kinetic-chain (CKC) exercises
(e.g., inner range quadriceps and leg press activities)

e Progress upright stationary and outdoor road cycling

e Introduce rowing ergometry as tolerated

HYDROTHERAPY EXERCISES
e Generally not required from week 12, though the pool
may be used for ongoing cardiovascular exercise

PLEASE REFER TO PHASE FIVE IN THE EXERCISE
COMPANION GUIDE FOR MORE DETAILED
INSTRUCTIONS ON THE EXERCISES.
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Goals

By 9 months postsurgery, patients are expected to achieve:

1. Hamstring and calf strength within 80-90% of the
contralateral leg.

2. Ability to tolerate walking distances of more than 5-10 km.

3. Ability to effectively negotiate uneven ground, including
soft sand.

4. Ability to return to pre-operative low-impact
recreational activities.

Rehabilitation plan

RANGE OF MOTION AND FLEXIBILITY EXERCISES
e Continuation of Phase 3-4 flexibility/stretching exercises

STRENGTHENING EXERCISES

e Continuation of Phase 3-5 strengthening exercises

e Progression and increased difficulty of open kinetic-
chain (OKC) exercises

e Progression and increased difficulty of closed kinetic-
chain (CKC) exercises (i.e., step ups/downs, modified
squat activities)

e Introduction of controlled running on a mini trampoline

PLEASE REFER TO PHASE SIX IN THE EXERCISE
COMPANION GUIDE FOR MORE DETAILED
INSTRUCTIONS ON THE EXERCISES.
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Goals

By 12 months postsurgery, patients are expected to

achieve:

1. Ability to perform all activities of daily living.

2. Ability to commence a return to a running program,
for example: walk/jog, jog/run, run on soft surface
(grass or soft sand only).

3. Resumption of dynamic recreational activities (however,

sports that generate high compression, shear and
rotational loads are to be avoided until 12-18 months,
or as directed by the orthopaedic surgeon).

Rehabilitation plan

RANGE OF MOTION AND FLEXIBILITY EXERCISES
e Continuation of Phase 3-4 flexibility/stretching exercises

STRENGTHENING EXERCISES

e Continuation of Phase 3-6 strengthening exercises

e Progression and increased difficulty of close kinetic-
chain (CKC) exercises (i.e., lunge and squat activities on
unstable surfaces)

e [ntroduction of agility drills relevant to the patient’s sport

PLEASE REFER TO PHASE SEVEN IN THE EXERCISE
COMPANION GUIDE FOR MORE DETAILED
INSTRUCTIONS ON THE EXERCISES.
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Return to Sports

At this stage patients are gradually re-introduced to the
functional activities that form the basis for their particular
sport, augmented by relevant agility drills on grass.
These activities are initially performed in isolation,
and then with the appropriate sport-specific equipment.

It is not the purpose of this document to outline
a protocol of sport-specific exercises and drills;
moreover, both the patient and therapist must use
their own discretion. Not only the graft maturation
process, but the mental preparedness of the patient
and the general physical function and level of specific
knee strength, stability and support, among other
individual patient variations, must be evaluated
when considering a patient’s long-term outcome
and ability to return to competitive activity. Specific
considerations include whether:
1. The patient’s graft has matured to the point at
which it is able to withstand the specific demands
of the chosen activity.

2. The patient has been appropriately rehabilitated
to the point at which he or she is able to physically
undertake the demands of the chosen activity.

3. The overall value of the patient as a player.

4. The commitment and psychological profile of
the patient.

5. The patient has undergone appropriate clinical
assessment with an orthopaedic specialist
experienced with the results of a MACI implant.

Cellular regeneration, matrix production and
adaptation of the regenerating tissue to natural
function take time, and it is unrealistic and impractical
to expect patients to return to competitive sport
within the first postoperative year. High-impact
sports such as tennis, badminton, ice hockey,
basketball, football, rugby and field hockey should
not be performed until 12-18 months postsurgery.
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