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Seminar in physiology  
and instrumentation 



Re f e ren ce s
joint replacement
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Physiological aspects 

‘Introduction to biomedical engineering - Second Edition',  
John Enderle and al.  
[p.112-113, 164-166, 263, 265 and 268] 

Cleveland Clinic, Article ‘Cartilage’ 
https://my.clevelandclinic.org/health/body/23173-cartilage 

Ancienne UE 5 PACES Anatomie ‘Système articulaire’, Monique 
Remillieux 
https://www.elsevier.com/fr-fr/connect/pass-anatomie-organisation-
des-appareils-et-des-systemes#

Technical aspect 

‘Encyclopedia of Medical devices and Instrumentation’, Wiley  
[p. 514-525 : Hip joints, artificial]   

National Library of Medicine, ‘Anatomy, Joints', Pallavi Juneja and al.  
https://www.ncbi.nlm.nih.gov/books/NBK507893/ 
University Hospitals Cleveland - The Science of Health ‘Hip and Knee Joint 
Replacement Surgery: How Is It Done?’ 
https://www.uhhospitals.org/blog/articles/2018/04/hip-and-knee-joint-
replacement-surgery 

VerywellHealth, Article, ’Partial vs. Total Knee Replacement Surgery - The 
differences have to do with the affected knee compartments’, Carol Eustic, 
2024 
https://www.verywellhealth.com/total-partial-knee-replacement-2552271 

UCI Health, Articles ‘Hip Implants’ and ‘Knee Implants’ 
https://www.ucihealth.org/medical-services/orthopaedics/hip-knee-
surgery-services/hip-implants 
https://www.ucihealth.org/medical-services/orthopaedics/hip-knee-
surgery-services/knee-replacement 

National Library of Medicine ‘A Review of Biomaterials and Associated 
Performance Metrics Analysis in Pre-Clinical Finite Element Model and in 
Implementation Stages for Total Hip Implant System’, Md Mohiuddin 
Soliman and al., 2022  
https://www.mdpi.com/2073-4360/14/20/4308 

World Journal of Orthopedics, Article ’Biotribology of artificial hip joints’, 
Francesca Di Puccio, Lorenza Mattei, 2015  
https://www.wjgnet.com/2218-5836/full/v6/i1/77.htm 

Institut du mouvement et de l’appareil locomoteur - CHU Marseille, Report 
‘Total Knee Arthroplasty: How did we get there?’ M. Ollivier and al., 2017  
https://e-memoire.academie-chirurgie.fr/ememoires/
005_2017_16_2_005x009.pdf 

Institut de chirurgie osseuse et de la moelle épinière Médipôle Épinière, 
Article ‘Questions fréquentes en chirurgie orthopédique sur les types de 
prothèses’ 
https://www.chirurgie-orthopedique-medipole.fr/questions-frequentes/
avis-types-de-protheses-articulaires.html

Product aspect 

AAHKS Patient and Public Relations Committee, Report, ’Total Joint 
Replacement: A Breakdown of Costs’ 
https://hipkneeinfo.org/wp-content/uploads/2024/04/Total-Joint-
Replacement-A-Breakdown-of-Costs.pdf 

Future Market Insights Inc, Report, ‘Joint Replacement Market Outlook 
(2022 to 2032)’  
https://www.futuremarketinsights.com/reports/joint-replacement-market 

Fortune Business Insights, Report, ‘Orthopedic Joint Replacement Market 
Size, Share & COVID-19 Impact Analysis’, 2024  
https://www.fortunebusinessinsights.com/industry-reports/orthopedic-
joint-replacement-market-100314# 

Bonezone, Article ‘Top 10 Joint Replacement Companies: New Products and 
Updates’, 2022 
https://bonezonepub.com/2022/03/15/top-10-joint-replacement-
companies-new-products-and-updates/ 

Orthoworld, Article ‘Joint Replacement Implant Market Size and Share’, 
2024  
https://www.orthoworld.com/joint-replacement/ 

OECD Health at a Glance 2023, ‘Hip and knee replacement’ [p. 118-119] 
https://www.oecd-ilibrary.org/docserver/7a7afb35-en.pdf?
expires=1732040733&id=id&accname=guest&checksum=80314D26C1E84D
B39335882F05C6C0ED 

https://my.clevelandclinic.org/health/body/23173-cartilage
https://www.elsevier.com/fr-fr/connect/pass-anatomie-organisation-des-appareils-et-des-systemes#
https://www.elsevier.com/fr-fr/connect/pass-anatomie-organisation-des-appareils-et-des-systemes#
https://www.uhhospitals.org/blog/articles/2018/04/hip-and-knee-joint-replacement-surgery
https://www.uhhospitals.org/blog/articles/2018/04/hip-and-knee-joint-replacement-surgery
https://www.verywellhealth.com/total-partial-knee-replacement-2552271
https://www.ucihealth.org/medical-services/orthopaedics/hip-knee-surgery-services/knee-replacement
https://www.ucihealth.org/medical-services/orthopaedics/hip-knee-surgery-services/knee-replacement
https://www.mdpi.com/2073-4360/14/20/4308
https://www.wjgnet.com/2218-5836/full/v6/i1/77.htm
https://e-memoire.academie-chirurgie.fr/ememoires/005_2017_16_2_005x009.pdf
https://e-memoire.academie-chirurgie.fr/ememoires/005_2017_16_2_005x009.pdf
https://www.chirurgie-orthopedique-medipole.fr/questions-frequentes/avis-types-de-protheses-articulaires.html
https://www.chirurgie-orthopedique-medipole.fr/questions-frequentes/avis-types-de-protheses-articulaires.html
https://hipkneeinfo.org/wp-content/uploads/2024/04/Total-Joint-Replacement-A-Breakdown-of-Costs.pdf
https://hipkneeinfo.org/wp-content/uploads/2024/04/Total-Joint-Replacement-A-Breakdown-of-Costs.pdf
https://www.futuremarketinsights.com/reports/joint-replacement-market
https://www.fortunebusinessinsights.com/industry-reports/orthopedic-joint-replacement-market-100314#
https://www.fortunebusinessinsights.com/industry-reports/orthopedic-joint-replacement-market-100314#
https://bonezonepub.com/2022/03/15/top-10-joint-replacement-companies-new-products-and-updates/
https://bonezonepub.com/2022/03/15/top-10-joint-replacement-companies-new-products-and-updates/
https://www.orthoworld.com/joint-replacement/
https://www.oecd-ilibrary.org/docserver/7a7afb35-en.pdf?expires=1732040733&id=id&accname=guest&checksum=80314D26C1E84DB39335882F05C6C0ED
https://www.oecd-ilibrary.org/docserver/7a7afb35-en.pdf?expires=1732040733&id=id&accname=guest&checksum=80314D26C1E84DB39335882F05C6C0ED
https://www.oecd-ilibrary.org/docserver/7a7afb35-en.pdf?expires=1732040733&id=id&accname=guest&checksum=80314D26C1E84DB39335882F05C6C0ED
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joint replacement
Summar y



Jo i n t s  s t r u c t u re  and  f un c t i on  
1. physiological aspects
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SYNOVIAL JOINTS 
DIARTHROSIS

CARTILAGINOUS JOINTS 
AMPHIARTHROSIS

FIBROUS JOINTS 
SYNARTHROSIS

- connected by fibrous connective tissue 

- rigid and relatively immovable

- connected by cartilage 
- limited motion in response to twisting / compression

- fluid-filled joint cavities 
- highly mobile

- skull sutures 
- joint that anchors a tooth to its socket in the jaw

- joints of the vertebral system 
- joints that attach the ribs to the vertebral column

- knee joint 
- elbow joint

206 bones 
connected by 360 joints: characteristics joint type examples



Synov i a l  j o i n t s
1. physiological aspects
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Key components structure Types of movements allowed

- shoulder joint 
- hip joint

- fingers joint 
- jaw joints

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

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

- elbow joint 
- knee joint

- joint between  
the 1st and 2nd  
neck vertebrae

 Pivot joint   

 Hinge joint   

 Saddle joint   

  Ball-and-socket joint 

  Condyloid joint 

  Plane joint 



1. physiological aspects
Jo i n t  i s s ue s
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Osteoarthritis (OA) 
       example of the knee

- degenerative joint disease 
- caused by the wear and tear of the cartilage 
- affects commonly weight-bearing joints

Avascular necrosis 
       example of the hip

Fractures / injuries

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

- physical damage 
- caused by accidents

Healthy knee Knee suffering  
from osteoarthritis

Healthy hip Hip suffering  
from avascular necrosisHealthy fingers

Finger suffering  
from rheumatoid arthritis

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

Rheumatoid arthritis (RA) 
       example of the fingers



H ip  and  knee  j o i n t s
1. physiological aspects

HIP JOINT KNEE JOINT
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  Ball-and-socket joint  Hinge joint  + 



2. technical description
Type s  o f  r ep l a cemen t

example of the knee

example of the hip

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 (±15-20 years) 
- more invasive 
- longer recovery time 

8



2. technical description
Su rg i ca l  p ro cedu re
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- between 1 and 4 days at the hospital  
- need physical therapy  
- avoid bending, twisting and squatting for 6-12 months

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

Steps for synovial joint replacement: 

Recovery time

Example of a total knee replacement surgery

1

3
4

5

2



2. technical description
F i xa t i on
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CEMENTED FIXATION CEMENTLESS FIXATION

use a bone cement 
eg. PMMA (polymethyl methacrylate)

use of a porous implant material (+ coating biomaterial) 
eg. titanium alloy + hydroxyapatite 

eg. Trabecular Metal® Technology from Zimmer Biomet

→ adapted for younger patient  
because of a better osseointegration

→ adapted for older patient  
because of an immediate fixation



2. technical description
Spec i f i c a t i on s
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Total hip replacement 
(THR)

Total knee replacement 
(TKR)



Mat e r i a l s
2. technical specifications

Metals Ceramics Plastic

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

→ used in structural parts → used for articulating surfaces → used to create  
     a smooth contact

- aluminum oxide 
- zirconium dioxide

- ultra-high-molecular-weight 
polyethylene (UHMWPE)

Combinations

→ used to provide  
     the best balance

hip replacementknee replacement

eg. ceramic femoral head 
with a polyethylene 
acetabular liner 

hip replacementhip replacement knee replacement hip replacement

12



I s s ue s
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3. clinical applications

- loosening : gaps between the implant and the bone 
- dislocation : disrupting the alignment of the joint components 
- difference in leg lengths 
- wear debris released from the implant  : can lead to osteolysis 

→ may involve a revision surgery

- infection at the surgical site 
- blood clots leading to deep vein thrombosis  

or even pulmonary embolism)

Risks related to the surgical intervention

Risks related to the joint replacement

Wear debris cycle

THR dislocation

TKR loosening



R i s k s  f a c t o r s

14

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

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

Centers for Disease Control and Prevention (CDC), 2020

Obese Overweight Moderate BMI Underweight

3. clinical applications



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’’

C l i n i ca l  t r i a l s
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3. clinical applications

Steps required for medical devices 
according to their class

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



N umbe r s
4. product aspects
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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)

Costs 
(Example of the US)

Hip replacement surgeries, 2011, 2019, 2021

Knee replacement surgeries, 2011, 2019, 2021

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

by type

Numbers of interventions

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’

by region



Key  p l a ye r s
4. product aspects
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Joint replacement market share by company 
‘’Overview of the joint replacement market’’  

in The Orthopedic Industry Annual Report®, September 2024



Pa t i e n t  s pe c i f i c  i n s t r umen t a t i on  ( PS I )
5. future perspectives
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- designed for hip, knee, shoulder and spine surgeries 
- pre-surgery: 3D imaging (CT* or MRI**) 
- intra-surgery: personalized non-invasive guides 

Personalized guides3D planning

*Computed tomography 
** Magnetic Resonance Imaging

‘’MySolutions Personalized Ecosystem’’



5. future perspectives

Su rg i ca l  robo t s
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- 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

‘’VELYS Robotic-Assisted Solution  
in Unicompartmental Knee Arthroplasty’’

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



5. future perspectives
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Smar t  o r t hoped i c s

‘’Persona IQ - The Smart Knee’’

- connected to the implant  
- provides post-operative kinematics metrics 
- delivers a platform for both patients and physicians 
- FDA approval in 2021



Thank  you
any questions ?
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