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Lasers – New Surgical Tool

Top view

Surgical path

Side view

SPIE conference proceeding

Traditional method – mechanical saw 

vs

Modern method – laser beam
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Combined machining and imaging laser beam

Depth control 

is achieved by 

monitoring the 

ablation process in 

real-time with 

combined imaging and 

machining light

Inline Coherent Imaging (ICI)
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Basics of ICI
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FFT
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ICI – Combined Imaging and Machining

6

Example

Depth Imaging of Percussion Drilling on Bone
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Hard Tissue Ablation

Forrer M, Appl. Phys. B Photophysics Laser Chem. (1993) 

Er:YAG

lasers

CO2

lasers
Ytterbium 

fiber lasers

According to water 

absorption spectrum, 

Ytterbium fiber lasers 

at 1070nm is not 

ideal for hard tissue 

ablation

Metrum, Diode laser 

SWING 1470



8

Target depth

Depth Feedback Control

Original bone surface

2mm
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Target depth

Depth Feedback Control

Machined surface

Original 

surface
Original 

surface

2mm
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3D “Clean” Bone Machining

6mmx6mm feature

1mm depth range

Machined Feature              vs Designed Model
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3D “Clean” Bone Machining

6mmx6mm feature

3mm depth range

Machined Feature              vs  Designed ModelDesigned Model
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Why Did It Work?
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Hypothesis

1) Formation of thin carbonization layer

2) Higher absorption of carbonized area

3) Explosive evaporation of the molten mineral 

“cleans up” the carbonized layer
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Conclusion 



Extra slides
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ICI-tracked Bottom of a Laser Weld Overlaid on Microscopy Image

2mm

D
e
p

th
(m

m
)

Time (ms)

0 0.5 1 1.5 2 2.5 3

0

100

200

300

Keyhole 

Welding 

ICI – Combined Imaging and Machining

Example #2
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Evidence
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Fixed energy hole drill
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Feedback control hole drill
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3D “Clean” Bone Machining

6mmx6mm feature

3mm depth range

Three 50us pulses

100Hz rep rate

~1hrs
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Experimental Set-up
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Experimental Set-up

Combined machining and imaging laser beam

Imaging light

Machining light

Dichroic
Mirror

Gas



 Traditional method - mechanical saw/mill

Disadvantages 
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Why Laser Cutting Bone?

- Broad cut (~1mm) and severe hemorrhage- Broad cut (~1mm) and severe hemorrhage

- Large damaged region in surrounding tissues

- Broad cut (~1mm) and severe hemorrhage

- Large damaged region in surrounding tissues

- Deposits of  metal shavings

- Broad cut (~1mm) and severe hemorrhage

- Large damaged region in surrounding tissues

- Deposits of  metal shavings

- Mechanical vibration limits precision



 Modern method – “light cutting”

 Advantages 
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Why Laser Cutting Bone?

- Non-contact cutting- Non-contact cutting

- Narrow incision with tightly focused laser beam

- Non-contact cutting

- Narrow incision with tightly focused laser beam

- Small heated affected zone

- Non-contact cutting

- Narrow incision with tightly focused laser beam

- Small heated affected zone

- Micron-precision depth control- Micron-precision depth control



 Position control

• Focused laser beam  high transverse resolution

• Sub-micron precision motion stage

 Depth control

• In-situ depth imaging  Inline Coherent Imaging(ICI)

• High axial resolution (~16um)
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How To Control Laser Machining?
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Motivation
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Johns Hopkins Medicine Health Library 

Spinal Surgery
(Laminectomy)


