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Objective

• To gain a better understanding of knee replacement surgery and 
the advancements being made in the field.

• https://hipknee.aahks.org/total-knee-replacement/

• https://www.orthoinfo.org
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https://hipknee.aahks.org/total-knee-replacement/
https://www.orthoinfo.org/


The Knee

• Complex joint!

• Motion

- Bends (flex/extends)
- Rotates
- Side to side translation
- Side to side bend (varus/valgus)
- Compression and distraction

https://www.orthobullets.com/recon/9065/knee-biomechanics 

Smart Knee Brace Design with Parallel Coupled Compliant Plate (PCCP) Mechanism and Pennate Elastic Band (PEB) Spring
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https://www.researchgate.net/publication/277330842_Smart_Knee_Brace_Design_with_Parallel_Coupled_Compliant_Plate_PCCP_Mechanism_and_Pennate_Elastic_Band_PEB_Spring
https://www.researchgate.net/publication/277330842_Smart_Knee_Brace_Design_with_Parallel_Coupled_Compliant_Plate_PCCP_Mechanism_and_Pennate_Elastic_Band_PEB_Spring


The Knee

• Complex joint!

• Muscular and ligamentous Anatomy
- Each contribute to STABILITY,  

STRENGTH, and FLEXIBILITY

https://www.orthobullets.com/recon/9065/knee-biomechanics
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https://www.researchgate.net/publication/277330842_Smart_Knee_Brace_Design_with_Parallel_Coupled_Compliant_Plate_PCCP_Mechanism_and_Pennate_Elastic_Band_PEB_Spring


The Knee

• Complex joint!

• Bony Anatomy
- Patellofemoral joint
- Tibiofemoral joint

https://www.orthobullets.com/recon/9065/knee-biomechanics
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https://www.researchgate.net/publication/277330842_Smart_Knee_Brace_Design_with_Parallel_Coupled_Compliant_Plate_PCCP_Mechanism_and_Pennate_Elastic_Band_PEB_Spring


The Knee

• Complex joint!

• Meniscus – shock absorber
• Articular Cartilage – Smooth 

surface (less friction than ice on 
ice)

• BOTH mostly avascular meaning 
they DON’T HEAL if damaged

https://www.orthobullets.com/recon/9065/knee-biomechanics
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https://www.researchgate.net/publication/277330842_Smart_Knee_Brace_Design_with_Parallel_Coupled_Compliant_Plate_PCCP_Mechanism_and_Pennate_Elastic_Band_PEB_Spring


The Knee

• Working together, our knees can accomplish incredible things!

https://www.orthobullets.com/recon/9065/knee-biomechanics
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https://www.researchgate.net/publication/277330842_Smart_Knee_Brace_Design_with_Parallel_Coupled_Compliant_Plate_PCCP_Mechanism_and_Pennate_Elastic_Band_PEB_Spring


The Painful Knee

• NO WONDER KNEE INJURIES ARE SO COMMON!
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The Painful Knee
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The Painful Knee

• Determine the cause of pain
- Examination, X-ray and diagnostic interventions
- For sake of this talk….

https://www.orthobullets.com/recon/12287/knee-osteoarthritis
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The Painful Knee

• Degenerative Knee Disorders
• Knee Osteoarthritis
• Post-traumatic arthritis
• Infectious arthritis
• Congenital Abnormality
• Inflammatory arthritis

- Rheumatoid Arthritis
- Psoriatic Arthritis
- Etc.

The list goes on…. lead to the SAME ENDPOINT

https://orthoinfo.aaos.org/en/diseases--conditions/arthritis-of-the-knee/
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The Painful Knee

• Presenting Symptoms

• Pain with activity 
- Rough surface – inflammation of synovium
- Bony bruising (edema)
- Meniscus degenerative tearing

• Pain develops at night or at rest
• Activity induced swelling
• Worsening stiffness
• Mechanical symptoms

- Instability - main ligaments loose/tight
- Locking/Catching – debri in knee 

• Congenital Abnormality

https://orthoinfo.aaos.org/en/diseases--conditions/arthritis-of-the-knee/
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When to consider knee 
replacement?

• Non-operative options for degenerative joint disease of the knee

https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-
knee/oak3cpg.pdf
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When to consider knee 
replacement?

• The best options – 4 of 4 stars

https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-
knee/oak3cpg.pdf

James B. Chen MD



When to consider knee 
replacement?

• Other good options – 3 of 4 stars

https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-
knee/oak3cpg.pdf



When to consider knee 
replacement?

• Limited evidence – Maybe?

https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-
knee/oak3cpg.pdf



When to consider knee 
replacement?

• Limited evidence – Maybe?

https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-
knee/oak3cpg.pdf



When to consider knee 
replacement?

• May not provide benefit for ROUTINE use – of course can discuss 
these options with your surgeon

https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-
knee/oak3cpg.pdf



When to consider knee 
replacement?

• When those options fail…
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Knee Replacement

• Goal – to restore pain free function, stability balance, and motion

• Despite the name, actually thought of as a ”soft-tissue balancing” 
procedure
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Knee Replacement
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Knee Replacement

Modern “total condylar knee” -1974
James B. Chen MD



Knee Replacement

• 1974 = Modern?

What advancements have been made?

James B. Chen MD



Knee Replacement

• Enhanced recovery protocols 

• Hydrate
• Multimodal pain control
• Blocks
• Medication complication prevention
• Early mobilization
• Preoperative education

James B. Chen MD



Knee Replacement

• Partial Knee replacement

- 1982 – First Oxford partial knee replacement performed. 

- Spherical on flat design
- Remains one of the most popular designs

https://www.healio.com/news/orthopedics/20120331/a-history-of-oxford-unicompartmental-knee-arthroplasty



Knee Replacement

• Partial vs Total – What is the difference?

Partial Knee Replacement

- Pros
- Faster recovery
- Less invasive
- Easier revision
- High function

- Cons
- Progressive arthritis
- Almost lasts as long
- Stress fracture
- Unable to correct deformity

***MUST be appropriate candidate!

Total Knee Replacement

- Pros
- Replaces entire joint surface
- Can correct deformity
- Longevity?

- Cons
- Longer recovery
- More difficult revision



Knee Replacement

• Indications for partial knee replacement:

James B. Chen MD



Knee Replacement



Knee Replacement

- UKA recover faster and may have better function

- Earlier revisions however revision surgery is easier and can typically get primary total knee
implants

James B. Chen MD



Knee Replacement

• Material used 

- Metal varies – typically Cobalt Chromium alloy vs Titanium alloy

- Nickle free options – Oxinium (ceramic zirconium) , Tivanium (nitriding process), 
Gold, others?
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Knee Replacement

• Material used 

- Bearing surface – highly cross-linked polyethelene significantly improved wear 
properties in the late 90s

https://www.researchgate.net/figure/Diagrammatic-representation-of-the-manufacturing-process-of-highly-cross-linked_fig5_221923191
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Knee Replacement

• Fixation method

• Cement fixation

• Press-fit/Uncemented
- Need good bone quality
- Longevity for younger patients?
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Knee Replacement

• Bearing surface design
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Knee Replacement

• Remember – how does the normal knee function
• Pivot shift
• Lateral mobility
• Rollback
• High flex and posterior dwell points
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Knee Replacement

• Those are the implant  how are they placed?

- Mechanical vs Kinematic vs in between

- Measured resection vs Gap balancing
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Knee Replacement

• All techniques can achieve the goal of soft tissue balance, but the 
way we get there is changing
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Knee Replacement

• Robotic and navigation assisted total knee replacement

• Once you have a specific target

- Improves accuracy
- Customized implant positioning
- Gap/soft tissue balance objective measurements
- Possibly more predictable release – less invasive

James B. Chen MD



KneeAlign® surgery
for Total & Partial
Knee Replacement



KneeAlign provides me real-time feedback 
on where I’m putting your knee implant, 
and ensures an accurate and precise result.

KneeAlign® is GPS-guided knee surgery

39

Technology that put a man on the moon… is 
now guiding your knee.



I use KneeAlign the same way. It provides 
me real-time feedback on where I’m putting 
the knee implant, and ensures an accurate 
and precise result.

KneeAlign® is GPS-guided knee surgery

40

Today, we rely on the phone in our pocket 
to get us where we’re going.



KneeAlign® Knee Surgery

+ KneeAlign guides the implant into alignment 
with the mechanics of your tibia

- Virtually reconstructs your specific tibial anatomy

- Provides me data in real-time to guide me to my goal

+ The result: 
Precisely aligned Tibial Implant

< 41 >



KneeAlign® Knee Surgery

< 42 >

+ KneeAlign guides the implant into alignment 
with the mechanics of your femur

- Virtually reconstructs the mechanics of your femur

- Provides me data in real-time to guide the implant 
location

- Allows me to preserve bone

+ The result: 
Precisely aligned Femoral Implant



Knee Replacement

• Case Example

James B. Chen MD



Knee Replacement

• Future? – smart implants, AR/VR, virtual perioperative care, smart 
OR, AI monitoring programs

James B. Chen MD



Knee Replacement

Questions?

James B. Chen MD


