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Is surface morphology biologically 
relevant?

Osteoclast lacunae

Alkaline phosphatase

positive osteoblasts

Osteoblasts form 

bone on a surface 

that is created and 

conditioned by 

osteoclasts.
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Gittens RA, McLachlan T, Olivares-Navarrete R, Cai Y, Berner S, Tannenbaum R, et al. The effects of combined micron-/submicron-scale 
surface roughness and nanoscale features on cell proliferation and differentiation. Biomaterials. 2011;32(13):3395-3403.



What is it that cells like?

• Complex microtextured
surfaces

• Craters that are 30-100 mm 
wide
• Macro

• Pits that are 1-3 mm wide
• Micro

• Peaks that are “pointed” with 
a regular shape
• Nano

Image Courtesy of Dr. Robert Brown, Department of 
Bioengineering, Penn State  University

MSC interacting with a roughened Ti
surface.



How can 
the surface 
have an 
effect?





Scanning electron microscopy images of rough titanium alloy (rTiAlV) or substrates with modified topography (#5, #9, and #12). Images were taken at 300× (10 μm scale bar), 

10 k× (1 μm scale bar), 50 k× (100 nm scale bar), and 100 k× (100 nm scale bar)



Mimicking Osteoclastic Pits

• Multiple surface 

characteristics were 

measured 

• Only two parameters 

showed significant 

differences
• Low Skewness (deep 

valleys)

• High Kurtosis (sharp 

peaks)



Morphology of an osteoclastic pit

Osteoclast

Osteoclastic Pit

*Osteoblasts seek these pits
out to grow bone in them*

Bone

By kind permission of Tim Arnett (t.arnett@ucl.ac.uk) & Javier Manzano, 
UCL.

mailto:t.arnett@ucl.ac.uk


Subtractive Manufactured “Osteoclastic Pits” * 

*Osteoblasts seek these pits
out to grow bone in them*



Olivares-Navarrete et al. Ann Biomed Eng. 2014 Dec;42(12):2551-61. 
doi: 10.1007/s10439-014-1108-3. Epub 2014 Sep 17.

MSCs exhibit greater osteoblastic 
differentiation on #9.  

http://www.ncbi.nlm.nih.gov/pubmed


Local factor production by osteoblasts (#9)



Olivares-Navarrete et al. Ann 
Biomed Eng. 2014 Dec;42(12):2551-
61. doi: 10.1007/s10439-014-1108-
3. Epub 2014 Sep 17.

MSCs produce 
more osteogenic 
factors on #9.  

http://www.ncbi.nlm.nih.gov/pubmed


Olivares-Navarrete et al. Ann Biomed Eng. 2014 
Dec;42(12):2551-61. doi: 10.1007/s10439-014-1108-3. Epub
2014 Sep 17.

MSCs express more mRNAs for a1 and 
a2 integrin subunits on #9. 

http://www.ncbi.nlm.nih.gov/pubmed


Conclusion

• Microstructured surfaces can vary greatly
• #9 outperformed other samples

• Best cellular response because the micro topography mimics an osteoclastic 
resorption pit

• This specific surface also induced highest expression of a2 and b1 integrin 
mRNA due to nano-scale features (10 -9)

• Small differences in topography will result in different cellular responses (Not all 
titanium implants are the same)
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Pro-inflammatory Interleukins

* vs TCPS
# vs PEEK
$ vs Smooth



Anti-inflammatory Interleukin

* vs TCPS
# vs PEEK
$ vs Smooth



Pt FS 3 months



Pt MT 3 Months Postop









Back Pain
Right Leg 

Pain
Left Leg Pain ODI

Preop 6 1 6 38%

2 wk f/u 6 1 4 N/A

6 wk f/u 3 0 3 N/A

3 mo f/u 3 0 1 26%

6 mo f/u 3 0 2 18%



Thank you!


