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Machined vs. 3D Printed Titanium



OVERALL GOAL

• S u b t r a c t i v e  v s .  A d d i t i v e  M a n u f a c t u r i n g
• P r o s  &  C o n s  o f  M a n u f a c t u r i n g
• A d v a n t a g e s  o f  A M  f o r  m e d i c a l  d e v i c e s
• T h e  F u t u r e



MANUFACTURING & MEDICAL IMPLANTS
PAST – PRESENT - FUTURE



Subtract ive  Technology
• M a c h i n i n g ,  g r i n d i n g ,  m i l l i n g
• L e n g t h y  t i m e  t o  p r o d u c t i o n
• L a c k s  e f f i c i e n c y  
• D e s i g n ,  m a t e r i a l  &  e q u i p m e n t  l i m i t a t i o n s
• M a t e r i a l  w a s t e
• D i f f i c u l t  t o  c r e a t e  l i g h t w e i g h t  c o m p o n e n t s
• N e e d  f o r  m u l t i p l e  m a c h i n e s
• P o s t - p r o c e s s i n g  i n c r e a s e  t i m e  &  c o s t
• M i s t a k e s  l e a d  t o  s i g n i f i c a n t  c o s t  &  t i m e  i n c r e a s e
• L a c k  c o n t r o l  o f  m a n u f a c t u r i n g  ( i f  o u t s o u r c e d )
• R e v i s i o n s ,  i t e r a t i o n s ,  n e w  f e a t u r e s  - i n c r e a s e  

c o s t  &  t i m e  t o  m a r k e t
• S l o w e r  i n n o v a t i o n  t o  m a r k e t
• C o s t  &  t i m e  p r o h i b i t i v e  f o r  m u l t i p l e  d e s i g n s



Addi t ive  Manufactur ing - Innovat ive  Products

• C o m p l e x  m a t r i c e s
• G r a d e d  s t r u c t u r e s  ( d e n s e  c o r e  t o  p o r o u s  s u r f a c e )
• O p e n  a r c h i t e c t u r e s
• R e p e t i t i v e  m i c r o s t r u c t u r e s
• L i g h t w e i g h t  c o m p o n e n t s
• I n c r e a s e d  s u r f a c e  a r e a  =  I n c r e a s e d e f f i c i e n c y  f o r  f l u i d ,  t h e r m a l  

e x c h a n g e



Addit ive Manufactur ing – 3D Print ing

• C A D  3 D  m o d e l  o f  D e s i g n
• C r e a t e  p a r a s o l i d f i l e s  t h a t  a r e  t h e n  s l i c e d  – l a y e r e d  b u i l d
• M u l t i p l e  s o f t w a r e  p a c k a g e s  ( M i m i c s ,  3 M a t i c ,  P r o E n g i n e e r ,  A n a t o m i c s )

• L a y e r e d  b u i l d  p r o c e s s  f r o m  p o w d e r  o r  l i q u i d s  ( T i ,  C o C r ,  P o l y m e r )   



AM:  Va lue  Added

• C a n  b u i l d  c o m p l e x  s t r u c t u r e s  t h a t  a r e  d i f f i c u l t  t o  m a c h i n e
• C h a r a c t e r i z e d  b y  r o u g h  s u r f a c e  q u a l i t y  – i m p r o v e d  c e l l u l a r  r e s p o n s e
• D e s i g n e d ,  c o n t r o l l e d ,  i n t e r c o n n e c t e d  p o r o s i t y
• H i g h  p r o c e s s i n g  v e l o c i t y  – r a p i d  s e r i a l  p r o d u c t i o n  o f  i m p l a n t s
• C u s t o m i z e  f i t  t o  p a t i e n t  a n a t o m y



ADDITIVE MANUFACTURING

• A M  i s  O N LY a  m e c h a n i s m  t o  a l l o w  f a b r i c a t i o n  o f  o p e n  
a r c h i t e c t u r e s  a n d  c o m p l e x  s t r u c t u r e s

• B U T  – i t ’ s  a b o u t  t h e  D E S I G N ,  M AT E R I A L S ,  
E N V I R O N M E N T,  B U I L D  P R O C E S S ,  a n d  m o r e … … .   

• 3 D  p r i n t i n g  s e r v e s  a s  a  v e h i c l e  f o r  m a n u f a c t u r i n g  
c o m p l e x  d e s i g n s



ADDITIVE MANUFACTURING

• P r o s
• C r e a t e  c o m p l e x  o p e n  a r c h i t e c t u r e s
• R a p i d  p r o c e s s
• M e t a l s  &  p o l y m e r s  &  C e r a m i c s
• C u s t o m i z e  s u r f a c e s ,  g r a d e d  d e n s i t i e s  &  p o r o s i t i e s  

• C o n s
• S p e e d  o f  b u i l d  c a n  a l t e r  m e c h a n i c a l  i n t e g r i t y
• To l e r a n c e s  n o t  a s  t i g h t  – m u s t  v a l i d a t e  e a c h  l o t
• I n t e r n a l  v o i d s  c a n  f o r m  – e a r l y  f a i l u r e



Disadvantages of AM 
• Must design the build process to achieve design criteria

– Greater risk of inducing residual stresses into component
• Orient component in build minimize need for supports during build 

– Integrate into design  
– Optimal orientation uses less material  during build

• Complex matrices 
– Lack crisp edges or interfaces – good & bad 

• Tolerances are not held as tightly as subtractive manufacturing
• Larger ranges in structure dimensions
• Surface structure designs must be considered 

– May generate debris or could break
• Higher risk for contamination to materials (powder)
• Potential for large learning curve



BENEFITS OF ADDITIVE MANUFACTURING 
FOR MEDICAL DEVICES



IMPROVE INTERFACE MECHANICS

• W h y ?  - B a l a n c e  b e t w e e n  T i m e  &  S t a b i l i z a t i o n :   F i x a t i o n  α S t a b i l i t y
• D e c r e a s e  H e a l i n g  T i m e  =  D e c r e a s e  F a i l u r e  R i s k
• I m p r o v e d  I n t e r f a c e  m e c h a n i c s

Stabilization Time to Heal



BIOMECHANICAL FUSION CASCADE

Surgical 
Implantation

Earlier Osseo-ingrowth
> bone capture = > fixation  

Improved 
biomechanical 

stability for 
continued ingrowth

Increased bone 
remodeling  - Faster 

Fusion 

FUSION

• I m p r o v e m e n t  o f  B o n e  I n t e r f a c e  f i x a t i o n  
• E n h a n c e d  O s s e o i n t e g r a t i o n – e a r l y  s t a b i l i z a t i o n
• E a r l y  b i o m e c h a n i c a l  s t a b i l i t y  =  f a s t e r  f u s i o n



Bone and Implant  In ter face  - Improved F ixat ion

• Osseo in tegra t ion
- C o n t r o l l e d ,  r e p e a t a b l e ,  s t r u c t u r e s
- O p e n  a r c h i t e c t u r e s  – b o n e  i n g r o w t h
- M u l t i p l a n a r i n g r o w t h  =  e a r l i e r  s t a b i l i t y  

• However  conven t iona l  manu fac tu r ing  
canno t  mach ine /mo ld /cas t  such  des igns  
in  cos t l y  e f f i c ien t  manner



• C a n  i m a g e  t h r o u g h  T i t a n i u m  t o  v i e w  b o n e
• L i g h t w e i g h t  i m p l a n t  ( v s .  m a c h i n e d )  w /  l e s s  w a s t e
• G r e a t e r  a r e a  f o r  b o n e  g r a f t
• I n c r e a s e d  s u r f a c e  a r e a  f o r  b o n e  e x c h a n g e  
• R o u g h  s u r f a c e  =  m e c h a n o t r a n s d u c t i o n
• I n c r e a s e d  f r i c t i o n  =  R e d u c e d  d e v i c e  m i g r a t i o n 1 , 2

• A l l o w s  b o n e  i n g r o w t h  f r o m  m u l t i p l e  p o i n t s  o f  e n t r y
• V i s u a l i z a t i o n  t h r o u g h  T i  c a g e  – ’ r a d i o l u c e n t ’

1
2

AM - Design Advantages

Courtesy of 4Web Medical & Camber Spine



AM - Design Advantages
• D e s i g n  p o r o s i t i e s  i n t o  s t r u c t u r e   
• R o u g h e n e d  s u r f a c e  f o r  m e c h a n o t r a n s d u c t i o n
• Ta i l o r e d  E l a s t i c  M o d u l u s  - d e s i g n  s t i f f n e s s  t o  m i m i c  b o n e  s t i f f n e s s



S u r f a c e  Te x t u r e s  f o r  M e c h a n o t r a n s d u c t i o n

• I n d u c e  m e c h a n o t r a n s d u c t i o n
• G l o b a l  m e c h a n i c a l  s t i m u l i  =  r e s p o n s e  a t  c e l l  l e v e l
• B i o m i m i c r y  – r o u g h n e s s  m i m i c s  c a n c e l l o u s  b o n e
• C o e f i c i e n t F r i c t i o n  i n c r e a s e

Printed Ti – Trabecular Pattern
Courtesy of Camber Spine



N E W  T E C H N O L O G I E S  L E A D  TO  N E W  
E R A O F  I M P L A N T  E VA L U AT I O N  

• U n d e r s t a n d  b o n e - i m p l a n t  i n t e r f a c e  f o r  o s s e o i n t e g r a t i o n
• O p t i m i z e  i m p l a n t  d e s i g n ,  p o r o s i t y,  a r c h i t e c t u r e  

• E v a l u a t e  m a c r o / m i c r o / n a n o m e c h a n i c s t o  b e t t e r  
u n d e r s t a n d  t h e  t i s s u e  m a t r i x  / c e l l u l a r  / m o l e c u l a r  
r e s p o n s e s

• C a n  l e a d  t o  g u i d e d  c e l l  g r o w t h  &  t i s s u e  m a t r i c e s



Assess  Macro/Micro /Nano Mechanics

MACRO MICRO NANO

Macro load (stress vs. 
strain) applied results in:

• Global implant strain 
• Multidirectional strut 

microstrain

Individual truss loading
Microstrains along
each strut at the local 
bone interface – deep 
within the cage to the 
peripheral

Surface demonstrates repeating 
microstructure at micro and 
nanoscale surface features 
<50mm- Micro and  Nanostrain
• Induce mechanotransduction,
• Increases Coef Friction



P R I N T  C O N T R O L L E D  S T R U C T U R E S  - G U I D E  C E L L  G R O W T H   

5  l a y e r  P D M S  
3 D  p o r o u s  
s t r u c t u r e

Microposts

Microtexture• Bioactive surface  
• Provide specific physical cues to guide cellular growth
• Efficient tissue matrix formation
• Control cellular growth & orientation 



F U T U R E  – PAT I E N T  S P E C I F I C  P R E O P E R AT I V E  P L A N N I N G  

• M e s h  d e s i g n  a l l o w s  f o r  c o m p u t e r  m o d e l i n g
• P a t i e n t  s p e c i f i c  s t r e s s  p r o f i l e s  p r e  &  p o s t  i m p l a n t a t i o n
• M o d e l  b l o o d / f l u i d  f l o w  p a t t e r n s  – h e a r t / s t e n t / k i d n e y s
• I d e n t i f y  p a t i e n t  s p e c i f i c  p o s i t i o n i n g ,  s i z i n g ,  l o a d i n g  



The Future of  Medical  AM: Optimizat ion

• C r e a t e  r e p e a t a b l e  s u r f a c e  s t r u c t u r e s  – g u i d e  c e l l  g r o w t h
• B u i l d  i m p l a n t a b l e  s c a f f o l d s  – c e l l  s e e d i n g
• C o n t r o l ,  M o d u l a t e  M i c r o m e c h a n i c s  &  N a n o m e c h a n i c s

- C e l l u l a r  &  M o l e c u l a r  l e v e l s
- C r e a t e  M a c r o - M i c r o - N a n o  B i o m e c h a n i c a l  E n v i r o n m e n t

• C u s t o m i z e d  p a t i e n t  s p e c i f i c  i m p l a n t s  – i n  D r . ’ s  o f f i c e
• E a r l y  ‘ n a n o - d e t e c t i o n ’  o f  d i s e a s e s  a t  c u r a b l e  l e v e l s  t h r o u g h  

p r i n t e d  i m p l a n t a b l e  n a n o s t r u c t u r e s  ( S m a r t  c a n t i l e v e r s )  
• B i o p r i n t t i s s u e  – o p t i m i z e d  f o r  o r g a n s ,  t i s s u e ,  n e u r a l



Evolut ion of  Technology  & Medic ine

• C o n t i n u e  t o  i m p r o v e  A M  p r o c e s s e s
• I n c r e a s e  r e s o l u t i o n  ( n a n o p o w d e r s )
• I m p r o v e  o u t c o m e s ,  q u a l i t y  o f  l i f e ,  l o n g e v i t y
• C o n t i n u e  t o  p r o g r e s s  – g o o d  &  b a d
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