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Joints structure and function

206 bones

connected by 360 joints:

?’ﬁ? N FIBROUS JOINTS - connected by fibrous connective tissue - skull sutures
\M SYNARTHROSIS - rigid and relatively immovable - joint that anchors a tooth to its socket in the jaw
CARTILAGINOUS JOINTS - connected by cartilage - joints of the vertebral system
AMPHIARTHROSIS - limited motion in response to twisting / compression - joints that attach the ribs to the vertebral column
SYNOVIAL JOINTS - fluid-filled joint cavities - knee joint
DIARTHROSIS

- highly mobile - elbow joint



Synovial joints
I. physiological aspects

Bone
Synovial
membrane
Articular Articular
cartilage capsule
Joint cavity
containing
Bale synovial fluid

Key components structure

Pivot joint 6 Nzt
® =

- joint between |
the 1st and 2nd | 1 D
neck vertebrae | |

Hinge joint 5§
- elbow joint
- knee joint

Saddle joint 4

- joint at the base of the thumb
- sterno-clavicular joint of the chest

Types of movements allowed

1 Ball-and-socket joint

- shoulder joint
- hip joint

2 Condyloid joint

- fingers joint
- jaw joints

- intercarpal joint (wrist)
- tarsal joint (ankle)



Joint issues
I. physiological aspects

Osteoarthritis (OA)

example of the knee

- degenerative joint disease
- caused by the wear and tear of the cartilage
- affects commonly weight-bearing joints
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Knee suffering
| from osteoarthritis

| Healthy knee

Rheumatoid arthritis (RA)

example of the fingers

- autoimmune inflammatory joint disease
- caused by the immune cell infiltration
- affects commonly small joints

Finger suffering

Healthy fingers
yTing from rheumatoid arthritis

Avascular necrosis

example of the hip

death of bone tissue

|

| Healthy hip

Fractures / injuries

- physical damage
- caused by accidents

caused by the loss of blood supply to the joint
affects commonly hip, shoulder, knee, and ankle joints

Hip suffering
from avascular necrosis



Hip and knee joints
I. physiological aspects

Femur

Pelvis
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Types of replacement

2. technical description

PARTIAL JOINT REPLACEMENT (PJR) TOTAL JOINT REPLACEMENT (TJR)

- recommended for younger patient (< 65 yo)
and early stage joint disease

- less invasive

- faster recovery time

recommended for widespread damage

more durable, but can require a revision surgery (x15-20 years)
more invasive
longer recovery time

example of the knee ——————————

example of the hip




Surgical procedure

2. technical description

Steps for synovial joint replacement:

1. incision to expose and access the joint
removal of damaged parts
fixation of the artificial components
range of motion and alignement testing
wound closure

e !

Recovery time

- between 1 and 4 days at the hospital

- need physical therapy
| - avoid bending, twisting and squatting for 6-12 months

Example of a total knee replacement surgery



Fixation

2. technical description

CEMENTED FIXATION CEMENTLESS FIXATION

use of a porous implant material (+ coating biomaterial)
eg. titanium alloy + hydroxyapatite
eg. Trabecular Metal® Technology from Zimmer Biomet

use a bone cement
eg. PMMA (polymethyl methacrylate)

~‘0’.
. ' »
%3
?"‘! ,""':
Ve Fiyns
Nt S
' T ' _J_s" -
& e
VN B 46 MG Inc |
— l
— adapted for older patient — adapted for younger patient

because of an immediate fixation because of a better osseointegration
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Specifications

2. technical description

Total hip replacement
(THR)

Acetabular
‘/ Component

Femoral
Head

 Femoral
Stem

Total knee replacement
(TKR)

Tibial
Component

Patella

Component

Back View
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Materials

2. technical specifications

Metals

— used in structural parts

- titanium
- cobalt chromium alloys
- stainless steel (less used now)

FEMORAL FEMORAL STEM HEAD
COMPONENT Metal - Cementless or cemented

Metal
>
v/ ' N f
I ™

% \!

Co-Cr Head

TIBIAL BASEPLATE cup
Metal Metal or polyethylene

Cementless or cemented

st "
Y &

knee replacement hip replacement

— used for articulating surfaces

Ceramics

aluminum oxide
zirconium dioxide

HEAD

Ceramic or metal

P

LINER

Ceramic or polyethylene

hip replacement

Plastic

— used to create
a smooth contact

ultra-high-molecular-weight

polyethylene (UHMWPE)
PLASTIC TIBIAL INSERT LINER
Polyethylene Ceramic or polyethylene

knee replacement hip replacement

Combinations

— used to provide
the best balance

eg. ceramic femoral head
with a polyethylene
acetabular liner
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Metal on plastic
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Ceramic on plastic

hip replacement
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Issues

3. clinical applications

Risks related to the surgical intervention

Risks related to the joint replacement

— may involve a revision surgery

infection at the surgical site
blood clots leading to deep vein thrombosis
or even pulmonary embolism)

THR dislocation

loosening : gaps between the implant and the bone
dislocation : disrupting the alignment of the joint components
difference in leg lengths

TKR loosening

wear debris released from the implant : can lead to osteolysis ‘ | i TN | o release
- - ‘..‘o f
® — \cytocl)(mes
wear debris act.I;ated macrophages

| osteolysis
A\ (bone resorption) e — osteoclay

eptic loosening / ﬁ'\ activation
- W L '.”' -

L L ]

activated osteoclasts

Wear debris cycle



Risks factors

3. clinical applications

Total

Men

Women

18-34
35-49
50-64
65-74

75 and older

14

189
'16.1
21.5
236
11.5
290
440
539
1 1 | 1 1 J
10 20 30 40 50 60
Percent

Age-adjusted percentage of adults age 18 and older

with arthritis, by sex and age group: United States, 2022
National Center for Health Statistics, Data Brief, N°497, February 2024

Obese ‘ Overweight ‘ Moderate BMI ‘ Underweight

Pourcentage of people with osteoarthritis
according to their BMI (Body Mass Index)

Centers for Disease Control and Prevention (CDC), 2020
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Clinical trials

3. clinical applications

High risk
: : > : (9
Angiographic Guide Wire, 5
Heart Valve Z
@' )
Implants, < <
Haemodialysis Catheter & i
®
Thermometer, ‘ ﬁ C
BP Monitoring Device, — | ¥ 7 @ % >
Disinfectants etc “ @ %
Absorbent Cotton Wools, % o
Surgical Dressing, S\ 9
Alcohol Swabs etc %
Low risk

Class Il

bl i)
igh risk)

Class

S =,

(H

) A
No FDA FDA clearance FDA approval
approval needed needed required
J J
Referred to as FDA Receives FDA Receives FDA

Registered or Cleared label Approved label

FDA Listed

Steps required for medical devices
according to their class

example of the AMTI's ADL (Activities of Daily Living) 12-Station Hip Simulator

+ve M,

Abduction
+ve M,

Flexion

-ve M
h Adduction

| vem,

+ve F,in
compression

ISO 14242-1:2014
Implants for surgery — Wear of total hip-joint prostheses
“Loading and displacement parameters for wear-testing machines
and corresponding environmental conditions for test”

=

posterior

Acetabular
fixture

Femoral head

Femoral fixture

oad Cell
(inside)

External
rotation
-ve M,
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Numbers

4. product aspects

Numbers of interventions

Hip replacement surgeries, 2011, 2019, 2021

2011 2019 2021
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Knee replacement surgeries, 2011, 2019, 2021

2011 1 2019 2021
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OECD Health at a Glance 2023,
‘Hip and knee replacement’ [p. 118-119]

Market value of

$21,4 billions

(19 billion CHF)

by type

Knees
® Hips
@ Extremities

by region

US @EMEA @ APAC @ ROW

“Overview of the joint replacement market”
in The Orthopedic Industry Annual Report®, September 2024

US
$13,806 (64.3%)

Costs
(Example of the US)

For a total hip replacement:
implant = + $3,000 to $10,000
total cost = $30,000 to $112,000

AAHKS Patient and Public Relations Committee,
Report, 'Total Joint Replacement: A Breakdown of Costs'’
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Key players

4. product aspects

I\\
—,

Zimmer Biomet
@ Stryker
@ DePuy Synthes
@ Smith+Nephew
® Enovis
@ Medacta
@ Aesculap
@ Exactech
@ LimaCorporate
@ MicroPort Orthopedics
@ All Others

Joint replacement market share by company

“Overview of the joint replacement market”

in The Orthopedic Industry Annual Report®, September 2024

@ ZIMMER BIOMET

stryker

(§) DePuySynthes

JOINT RECONSTRUCTION
COMPANIES O W‘"m‘w“m



*Computed tomography

Patient specific instrumentation (PSI)

5. future perspectives

“MySolutions Personalized Ecosystem”
| Addeds cta

- designed for hip, knee, shoulder and spine surgeries
- pre-surgery: 3D imaging (CT* or MRI*%)
- intra-surgery: personalized non-invasive guides

International

VISIONAIRE TKA CUTTING BLOCK PLACEMENT
FEMUR

CXECUTION App
(ERFICATION Tag, ¢
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0 o
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..................... LATERAL ANTERIOR MEDIAL

3D planning Personalized guides
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Surgical robots

5. future perspectives

“VELYS Robotic-Assisted Solution
in Unicompartmental Knee Arthroplasty”

fg DePuy Synthes

THE ORTHOPAEDICS COMPANY OF WWWW

- designed for TKR and PKR
- generates a 3D model in direct time

- assists the surgeon thanks to robotic tools
- received 510(k) FDA Clearance in June 2024

Video of presentation: https://www.youtube.com/watch?v=EU9CzO8ZHyE

\
\
\
:
3
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Smart orthopedics

5. future perspectives

“Persona IQ - The Smart Knee”

@ ZIMMER BIOMET

- connected to the implant

- provides post-operative kinematics metrics

- delivers a platform for both patients and physicians
- FDA approval in 2021
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Thank you

any questions ?



