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Spine
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Common Causes of Back Pain

Degenerative

Herniated 
Discs

Traumatic
Deformity 
Scoliosis
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Lumbar Spinal Stenosis 
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Non Surgical Treatment
v Oral Medications

v NSAIDS, Neuroleptics, Corticosteroids
v Physical Therapy, Chiropractic, Acupuncture  
v Steroid Injections (epidural vs. transforaminal) 

8



9/30/21

5

Ø Definition 
Ø General Principles 
Ø Specific “Minimally Invasive” 

Techniques  
Ø Robotic Spinal Instrumentation  
Ø XLIF 
Ø OLIF 
Ø MIS TLIF 

Outline
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Quick Walk Through 
the Past… 
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History of Back Treatment 

11Kumar. 1996. Spine 21(5):653-655

3000 BC Text: Srimad Bhagwat Mahapuranam
Lord Krishna’s chin traction method
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12
Marketos. 1999. Spine 24(13):1381-7

400 BC De Articulaciones in Corpus Hippocraticum
Hippocrates’s “Scamnum” traction table method

History of Back Treatment 
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“Christ Healing an Infirm Woman”
Artist: James Tissot, 1886-1896 

30 AD
Gospel of Luke 13:10-17

Jesus heals a woman with 
“sunkupto” (bent forward)

History of Back Treatment 
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ORTHO-PEDICS

14

“orthos” = straighten
“pedi” = children 

Nicolas Andry’s 1741 book 
“Orthopedie” focused on 
treatment of scoliosis 
(straightening children)  
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Russell A. Hibbs,  
surgeon-in-chief 
New York Orthopedic 
Hospital
Described a new 
operation “spinal fusion” 

Hibbs. 1924. JBJS 6(1): 3-34

History of Back Treatment 
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1911 Fred Albee described grafting tibial strut to the spine 

Albee. Transplantation of a portion of the tibia into the spine for Pott’s disease. JAMA 1911
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1936 Spinal Fusion Surgery  
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Ø Minimally Invasive and Robotics-
based Spine Surgery 

What Does the Future Hold? 
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Goals of Minimally 
Invasive Spine Surgery
vSame as open surgery!  

ØDecompress  
ØStabilize and Fuse  
ØAvoid creation of deformity

vAdditional Goal: 
ØReduce collateral damage 

19

Spectrum  

Endoscopic MISS Open/ 
Traditional
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Key Principles

v Appropriate patient selection and 
indications  

v Choosing the optimal technique  
v Minimizing collateral damage   
v Understanding limitations 

21

True MISS = Endoscopic 
v28 yo with recurrent R L4-5 

paracentral disc protrusion
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“MISS” = Robotic screws, 
(X,O)LIF, MIS-TLIF
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Robotic Spine 
Surgery

24



9/30/21

13

Doctor, will you 
be using a laser 
in my surgery?

OK doc, how about a robot?
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Sure, Why Not? 
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Robotics has gained wide spread 
adoption in manufacturing

27

Public’s Perception
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Advantages of Robotics
2. Precision1. Accuracy

3. Untiring 
(no fatigue)

29

In Urology and ObGyn Robotic 
surgery is increasingly performed

1. Better visualization
2. Increased DOF
3. Improved dexterity
4. Fatigue avoidance 
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Pedicle screws are the 
workhorse in spinal surgery

31

Use the Force…

32
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1. Safety
2. Safety
3. Safety
4. Efficiency

Key Principles in Pedicle 
Screw Placement
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Reality vs. Self-Rating
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Lot of Examples of 
What NOT to Do…

35
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Could these complications 
have been avoided if modern 

technology (navigation, 
robotics, etc.) was used? 

Maybe…
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• Mazor - Founded 2001
– Spine Assist (1st ) 
– Renaissance (2nd gen)
– Mazor X (3rd gen) 
– Acquired by Medtronic for 

1.64 billion

• Zimmer Biomet ROSA (2014)

• Excelsius GPS (2017)

Moshe Shoham , PhD
(Technion, Israel)

Nicholas Theodore, MD
Johns Hopkins

History of Robotic Spine Surgery

39

vSurgeon has a “GPS” 
which displays the 
current location of the 
surgical tools and the 
expected trajectory

vSurgeon plans trajectory 
either preop or intraop

vRobot directs the tools in 
the pre-planned trajectories

Navigation vs. Robotics
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– Medtronic O-Arm 
(portable)

– Brainlab Airo CT

– Siemens 
Cios/Arcadis

– Ziehm RFD 3D

Step 1: Image Acquisition

41

– Medtronic Stealth

– Brainlab Curve

– Stryker NAV3i

– 7D Surgical

Step 2: Referencing  
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Step 3: Computer Guidance of 
Trajectory with Robotic End Effector
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How does robotics HELP ME
minimize complications?

SHOW ME THE EVIDENCE!

45

v 2010 study: 6,816 Free-
hand pedicle screws

v 1.5% screws were 
breached

v 0.8% reoperation rate

46



9/30/21

24

• 2012 Systematic Review of 26 prospective studies 
• Freehand – 69% to 94% accuracy
• 2D Fluoro – 28% to 85% accuracy
• 3D Nav – 89% to 100% accuracy

47

• 2014 Systematic Review of 30 studies
• 1973 patients - 9310 pedicle screws
• Accuracy: 

• 2D fluoroscopic navigation: 84.3%
• 3D fluoroscopic navigation: 95.5% 
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Amit, Why don’t you use a 
robot in every case? 
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– Percutaneous cases (minimize surgical team 
fluoro exposure) (eg: MIS TLIF)  

– Unusual anatomy/ guidance helpful 
(eg: ? single position lateral)   

Ideal Robotics Uses 
(Currently) 

51

Is Robotics A Fad or 
Is it Here to Stay?
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Nothing is Free! 

53

Lateral Access 
Spine Surgery 
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Key Principles of LLIF

v Retroperitoneal trans-psoas (XLIF) vs. 
ante-psoas (OLIF/ATP) approach  

v Indirect decompression of neural elements  
v Wide surface area for fusion 
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XLIF Positioning
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XLIF Retroperitoneal Access
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Image Guidance Critical! 
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OLIF Trajectory 
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OLIF Positioning 
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OLIF Access  

61

Oblique Docking 
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75F Prior L3-S1 PSF 
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L5-S1 Lateral ALIF
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MIS TLIF 
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Key Principles of MIS TLIF

v Wiltse muscle splitting technique 
v Direct decompression 
v Interbody to enhance fusion  
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MIS TLIF Set Up 

69
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MIS TLIF Exposure

71

IAP and SAP Resection
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Flavectomy

73

Disc Access, Prep and 
Interbody Placement
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Putting It All Together
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Conclusions 

Ø Goals of MISS are same as that of 
traditional open surgery 
v Decompress   
v Stabilize and Fuse   
v Avoid creation of deformity     

Ø MISS ≱ Open Surgery  
Ø Proficiency takes thought and practice! 
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AmitJain@jhmi.edu
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