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The Regenexx procedure is a patent pending autologous 
mesenchymal stem cell (MSC) re-implantation.  This is a true 
άƴŜŜŘƭŜ ƻǳǘκƴŜŜŘƭŜ ƛƴέ ǇǊƻŎŜŘǳǊŜ ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ǇƘȅǎƛŎƛŀƴ ǘƻ 
ƘŀǊǾŜǎǘ a{/Ωǎ Ǿƛŀ ŦƭǳƻǊƻǎŎƻǇƛŎ ƎǳƛŘŀƴŎŜΣ ƛǎƻƭŀǘŜ ŀ ǇǳǊŜ a{/ 
ǇƻǇǳƭŀǘƛƻƴΣ ŎǳƭǘǳǊŜ ŜȄǇŀƴŘ ǘƘƻǎŜ a{/Ωǎ ǘƻ ƳǳŎƘ ƭŀǊƎŜǊ ƴǳƳōŜǊǎΣ 
ŀƴŘ ǘƘŜƴ ŘŜǇƭƻȅ ǘƘƻǎŜ a{/Ωǎ ǳǎƛƴƎ awL ǇƭŀƴƴŜŘ ŦƭǳƻǊƻǎŎƻǇƛŎ 
guidance.  The implant procedure varies with regard to cell 
preconditioning in culture and interventional technique based on 
the target tissue being repaired.  For example, disc repair 
strategies are very different than tendon which are again 
different from fracture non-union.  In addition, while 
percutaneous procedures are highlighted here, cells can be 
expanded for use with existing surgical procedures.  These slides 
contain a sampling of imaging case results.  For more 
information, contact centenooffice@centenoclinic.com.

Multiple types of tissue regeneration are highlighted.  This is 
ōŜŎŀǳǎŜ a{/Ωǎ Ŏŀƴ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ƛƴǘƻ ŎŀǊǘƛƭŀƎŜΣ ōƻƴŜΣ ƳǳǎŎƭŜΣ ŀƴŘ 
tendon.
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RegenexxIs this procedure safe?

The biggest question to be answered about the 
clinical use of stem cells is safety.  The physicians 
behind the Regenexx procedure have published 
ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǎŀŦŜǘȅ ŀƴŘ ŎƻƳǇƭƛŎŀǘƛƻƴǎ 
tracking publication to date.  To go to the 
PubMedabstract click here.

This study showed that in 227 patients tracked 
for 3 months to 3 years, the Regenexx procedure 
was generally safer than the more invasive 
orthopedic procedures it helped many patients 
avoid.  In addition, this study included ultra high 
field MRI tracking (GE 3.0 T) of approximately 50 
of the reimpantsites and saw no evidence of 
tumor formation or abnormal growth.

http://www.ncbi.nlm.nih.gov/pubmed/19951252?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/19951252?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/19951252?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/19951252?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1


Activity Levels and the Regenexx Procedure

Unlike many surgical procedures that require 
extensive downtime, the Regenexx procedure only 
requires slight limitations of activity.  For example, 
while a surgical micro fracture procedure or tendon 
repair might require being immobile for many  weeks, 
Regenexx actually works better with limited activity 
(such as walking) immediately after the procedure.  
Why?  Mesenchymal stem cells get clues from their 
environment about how to differentiate.  For 
example, stretching or pulling forces causes them to 
become tendon cells.  Compressive loading like 
walking, pushes these cells to become cartilage cells.  
As a result, we want you moving and being active as 
early as possible.
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SUMMARY OF REGERATIVE SCIENCES RESEARCH

The Regenexx procedure was ported from a large animal model.   Major development on 
the clinical procedure and continued biotech development continued under IRB 
supervision during 2005-2006 focused on changes to the procedure to allow autologous 
isolation and culture expansion  of human mesenchymal stem cells.  2006-2007 focused on 
pre and post 3.0 T MRI follow-ups of cartilage, bone, and fibrous tissue regeneration 
targets.  Since 2005 a long-term tracking database has been maintained following 
pain/functional status, blood work, 3.0 T MRI, and other parameters.  No significant 
complications have been reported.  Late 2007 was the start of commercial patients.  
Additional commercial applications were added as MRI data has become available.  
Generalizabilitydata is not yet available for  each procedure, but case series data has been 
submitted for publication.  Clicking on this link will bring you to an updated author search 
at the National Library of Medicine for Dr. Centeno.
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SUMMARY OF BASIC RESEARCH ON MESENCHYMAL STEM CELLS UP TO 2009

aŜǎŜƴŎƘȅƳŀƭ ǎǘŜƳ ŎŜƭƭǎ όa{/Ωǎύ ŀǊŜ ŀŘǳƭǘ ǇǊƻƎŜƴƛǘƻǊ ŎŜƭƭǎ  ǿƘƛŎƘ ƭƛǾŜ ƛƴ Ƴŀƴȅ ǘƛǎǎǳŜǎΦ  
They are general purpose repair cells for bone, cartilage, muscle, fibrous tissue, and other 
tissues.  As figure 1 shows, when compared to surgical research  topics (in this example 
micro fracture surgery (as a control)) MSC research has exploded.  
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Figure 1: Papers per Year Indexed in NLM 
on a{/Ωǎ ǾǎΦ Microfracture

MSC

MF

Most of the MSC research published to 
date has been in animal models.  Robust 
evidence exists (hundreds of studies) 
ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ a{/Ωǎ ǘƻ ǊŜƎŜƴŜǊŀǘŜ 
cartilage, bone, and muscle.  Early human 
studies are just beginning to be published, 
with promising nascent results .  To date, 
about 9,000 studies are indexed in the 
national library of medicine.  To see this 
search result, click here.  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=DetailsSearch&Term="mesenchymal+stem+cells"[MeSH+Terms]+OR+mesenchymal+stem+cells[Text+Word]
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=DetailsSearch&Term="mesenchymal+stem+cells"[MeSH+Terms]+OR+mesenchymal+stem+cells[Text+Word]


Surface Antigen Expression using Flow Cytometryfor 10 MSC 
Lines Grown with Regenexx Procedure
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CASE REPORTS

All case reports are with pre-post 
3.0T MRI performed on the same 
scanner with identical imaging 
sequences and the same or nearly 
identical imaging parameters.
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LUMBAR DISCS
Can treat: bulging discs with nerve 

root compromise where PLL is intact, 
with good disc height (generally 

>50%), any disc hydration level on T2 
MRI Images



KG-39 yo WF-Pre-
op Jan 08 Sag 
STIR 3.0T MRI 
with ET=12, 
TR=5550.0, 
TE=47.7

Post-op Feb 09
Sag STIR on same 
magnet with 
ET=12, 
TR=5550.0, 
TE=47.4

Note bright 
signal in nucleus 
pulposis of L5-S1 
disc now more 
closely matches 
that of bright L4-
L5 disc.

Before

Before

Before

After

After

After
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Continuation from last slide-KG-Axial T2 FRFSE scans on the same 3.0T scanner.  
Note the increased T2 signal in the L5-S1 disc (brighter inside dashed circle) as well 
as the resolution of the right>left central disc bulge (red arrow).  

Pre-op Jan 08: ET: 19, TR: 3450.0, TE: 96.1
Post op Feb 09: ET: 19, TR: 3450.0, TE:96.1

Before After
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ES-24 yo WF with 
severe low back 
and leg pain who 
failed epidurals.  
Axial PD 3.0T 
awLΩǎ ƻŦ ǘƘŜ [р-S1 
disc bulge before 
and  4 months 
post treatment 
with the Regenexx 
procedure.

Note the size of 
the disc bulge in 
the dashed circle 
has been reduced.  
Note the blow-
ups of the area 
below shows a 
smaller size bulge.  
¢ƘŜ ǇŀǘƛŜƴǘΩǎ ƭŜƎ 
symptoms 
resolved and low 
back pain 
decreased.  

Before 4 Months After

S1 Nerve

Magnification of above slices
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LM is a 39 yo WM with 16 year history of progressive low back and leg pain.  Significant 
improvement in back and leg pain 1 month post procedure. Note the white dashed line 

drawn along the back of the vertebral body of L5 and the sacrum.  In the before image (red 
dashed circle), a much larger disc bulge is seen (the material to the right of the line), versus 

in the post-procedure image (yellow dashed circle). GE 3.0 T MRI: Sag FRFSE T2 images.  
Before at ET:16, TR: 2966.7, TE: 108.4.  After image at ET: 16, TR: 3033.3, TE: 111.9. 

Pre-procedure 4 weeks after procedure

L5/S1 Disc Protrusion Reduction in L5/S1 Protrusion



Pre-procedure 4 Weeks Post Procedure

L5/S1 Disc Protrusion Reduction in Disc Protrusion

Axial views of LM-continued from prior slide.Note the right sided (red arrow to the 
left of the disc in this inverted image) disc bulge that extends beyond the margin of 

the disc (white dashed circle).  In the after image, the yellow arrow points to the area 
where the bulge past the disc margin (white dashed circle) is not longer present. GE 

3.0 T MRI: Ax FRFSE T2 images.  Before at ET:16, TR: 5350.0, TE: 99.6 After image at ET: 
16, TR: 5083.3, TE: 102.6. 

L5-S1 Disc L5-S1 Disc



28 yo WF s/p failed microdiscectomywith several year history  of low back pain and 
intermittent radiculopathy.  1 month post cell transplant on the left with 3 month post 

cell transplant on the right.  Note the posterior disc bulge on the left has flattened on the 
right.  Total canal diameter at this level has increased from 1.0 cm to 1.2 cm.

Regenerative Sciences

L4-L5 Disc L4-L5 Disc

Before After



32 yo WM with many year history of chronic lumbar radiculopathydue to central L5-S1 
disc bulge causing compression of bilateral; S1 nerve roots.  Elimination of leg pain at 3 
months after procedure.  3 month f/u MRI on right shows significant reduction is size of 
disc bulge.  

Regenerative Sciences
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Before

2 Mo After: Slices Across Disc

35 year old WM with chronic L4-L5 disc bulge and 
positive discography.  Dramatic improvement in 

symptoms. 

Regenerative Sciences
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Tendons/Ligaments
Can treat: Partial thickness to small full 

thickness tears.  Large tears with 
severe retraction can not be 

successfully treated at this time.  



¢ƘŜ ǊƻǘŀǘƻǊ ŎǳŦŦ ǘŜŀǊ ƛǎ ǘƘŜ ǿƘƛǘŜ άōǊŜŀƪέ ƛƴ ǘƘŜ ǘŜƴŘƻƴ 
(arrow points to this spot-dashed circle encloses it).  
Images to the right are through this same area at 
approximately 4 months after stem cell transplant.

JG is a 34 year old white male who 
injured his shoulder in a car crash.  There 
was an AC joint injury as well as a 
suspected labral tear with impingement.  
He failed physical therapy and 
subsequently underwent a sub-acromial
decompression.  Regrettably, this surgery 
failed and a new rotator cuff tear was 
identified in more advanced post-op 
imaging (3.0 Tesla MRI).

GE 3.0T MRI
Before: ET: 7, TR: 2750, TE: 49.2
After: ET: 7, 2916.7, TE: 54.1

Before

13 mo After



32 yo WF with a several year history of significant ankle pain from a fall.  Pre and 3 month post MSC transplant COR 
PDFS 3.0T MRI of the lateral ankle ligaments and talar dome.  The patient had failed arthroscopic debridement, 
steroids, prolotherapy, and physical therapy and still had chronic ankle pain.  Note the partially disrupted talo-fibular 
ligament (in dotted white circle) on the left on the January, 2008 pre-op image.  The same ligament in the May 2008 
awL ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ǳǇǇŜǊ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƭƛƎŀƳŜƴǘ Ƙŀǎ ǊŜǇŀƛǊŜŘ ŀƴŘ ǘƘŀǘ ǘƘŜ άŎǊƛƳǇŜŘέ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ǘƘŜ ǎǳō ŦŀƛƭǳǊŜ 
stretch injury present in the left image has returned to the more normal morphology.  The patient had complete 
resolution of lateral ankle pain and this procedure required no immobilization.  For more information, e-mail 
centenooffice@centenoclinic.com.  

Talus

Fibula Fibula

Talus

Distal Tibia Distal Tibia

Before After
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Fracture Non-union
Can treat: Non-healing fractures that 
have failed conservative management 
with intact stabilization (usually ORIF).



38 yo WF smoker with a 9 month old non-union who 
had failed a trial of a bone stimulator.  Cells implanted 

under fluoro into fracture lucency.  After radiograph is 5 
weeks after MSC transplant.

Regenerative Sciences

Before

After



Before
Pre-Op 

5 Months
Post-op

EW is a 67 yo WM with 
a 4 mo history of tib-
fib non-union.  The 
patient also has a 
history of osteoporosis 
as well as lumbar 
radiculopathy treated 
with epidurals and 
opiod pain 
management.  After 
failing a bone 
stimulator, he was 
offered an ORIF 
revision, but chose to 
ƘŀǾŜ ŀǳǘƻƭƻƎƻǳǎ a{/Ωǎ 
re-injected into the 
fracture site using the 
Regenexx procedure.  
At 3 months post-
procedure he reported 
80% relief of pain and 
return to normal 
ambulation.  

Regenerative Sciences

15 Months
Post-op 
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Peripheral Joints
Can treat: Osteochondraldefects causing pain.  

Small defects will be placed into the GOOD 
candiciacy category, larger defects or patients with 
one compartment cartilage loss will be placed into 

the FAIR or POOR treatment categories.  We believe 
that the preservation of meniscal tissue may be an 

important predictor of outcome.



Aug 2006-Pre-Inject Feb 2007-5 Mo Post Dec 2007-15 Mo Post

46 year old white female with failed talar dome debridement for chronic OCD.  3.0 T 
/ƻǊƻƴŀƭ t5C{ ǎŜǊƛŀƭ awLΩǎ ƻŦ ǘƘŜ ǎŀƳŜ ǎƭƛŎŜ ƻŦ ǘƘŜ ƳŜŘƛŀƭ ŀƴƪƭŜκǘŀƭŀǊ ŘƻƳŜΦ  ¢ƘŜǎŜ ŀǊŜ ǇǊŜ-
injection, 5 months post injection, and 15 months post-injection.  Note again that the 
ŘŜŦŜŎǘ ƛƴ ǘƘŜ ŘŀǊƪ ōƻƴȅ ŎƻǊǘŜȄ ƭƛƴŜ όǎŜŜƴ ŀǎ ǘƘŜ άƎŀǇέ ƛƴ ŘŀǊƪ ƭƛƴŜ ƛƴ ǘƘŜ !ǳƎ нллс ŀƴŘ CŜō 
2007 images-inside the yellow dashed circle) progresses to dark cortex by the Dec 2007 
image.
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Before

6 Months After

30 yo WM with a congenital 
absence of the fibula and a 
dysplastic foot with chronic pain in 
the talar dome region.  The before 
images show an area of high signal 
that resolves 6 months after the 
Regenexx procedure.

Regenexx
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Pi Gr- Top images are pre-op in Jan 07- 3D FSPGR Sag -ET=1, TR=9.4, TE=4.4.  
Bottom images are Jan 08- 3D FSPGR Sag -ET=1, TR=9.4, TE=4.4. 

46 yo WF with large OCD who failed arthroscopic debridement.  The white bracket 
outlines the cartilage layer in this Sagittal MRI.  The red arrows point to the OCD (hole in 
the cartilage).  The breaks in this layer are shown by the red arrows.  The yellow arrows 
point to the defect one year after the Regenexx knee procedure.  Note that the breaks are 
ƳǳŎƘ ƭŜǎǎ ƛƴ ǘƘŜ ŀŦǘŜǊ ƛƳŀƎŜ ŀƴŘ ŦƻǊ ǘƘŜ Ƴƻǎǘ ǇŀǊǘ ƘŀǾŜ ōŜŜƴ άŦƛƭƭŜŘ ƛƴέΦ  ! ǘǿƻ ȅŜŀǊ 
follow-up, she continued to report marked subjective improvement.

Before

After
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BEFORE 13 MO AFTER

34 yo WM with a history
of complex medial meniscus
Tearing times several years.   
Notice that the post-op films 
show consolidation of the 
vertical tearing (the darker 
color of the meniscus in the 
dashed white circles).  The 
patient reported excellent 
relief of chronic medial knee 
pain with physical activity.  

Proton Density Fast Spin 
Images with a 3.0 T MRI 

Regenerative Sciences
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BaJa-51 yo WF-GE 3.0T MRI with COR PDFS-Aug 2007-Top images 
pre-op- ET:7, TR: 3150.0, TE=46.9.  Bottom images post-op Dec 08-
ET:7, TR: 3150.0, TE=46.9. 

Before

After

51 yo WF with chronic knee pain and failed arthroscopic debridement with pain 
on walking long distances and hiking.  These images scan across the area of the 
knee with obvious defects in the grey cartilage on the darker bone.  Note the red 
ŀǊǊƻǿǎ ƻƴ ǘƘŜ ά.ŜŦƻǊŜέ ƛƳŀƎŜǎ ǎƘƻǿ ōǊŜŀƪǎ ƛƴ ǘƘŜ ƎǊŜȅ ŎŀǊǘƛƭŀƎŜ όǿƘƛǘŜǊ ŀǊŜŀǎ ƛƴ 
the grey).   The bottom images are 16 months after the Regenexx knee procedure.  
bƻǘŜ ǘƘŜ ȅŜƭƭƻǿ ŀǊǊƻǿǎ Ǉƻƛƴǘ ǘƻ ǘƘŜ ǎŀƳŜ ŀǊŜŀǎ ǿƘƛŎƘ ƘŀǾŜ ƴƻǿ άŦƛƭƭŜŘ ƛƴέ ǿƛǘƘ 
grey cartilage (no more white areas).  The patient regained the ability to pursue 
long hikes.

Regenerative Sciences



Patient Ch Na- 37 yo WM with chronic knee 
pain and partial thickness cartilage loss-Before 
image is 5 months post first MSC transplant.  
After is 3 months post 2nd MSC transplant.
3D FSPGR FS SAG of medial knee compartment.  
Before: ET: 1, TR: 12.9, TE:2.1
After: ET: 1, TR: 14.0, TE: 2.1

For measurements of cartilage 
thickness, see next slide.

Before

After

Before

After

Before

After
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Same patient Ch Na- 37 
yo WM-Before image is 
5 months post first MSC 
transplant.  After is 3 
months post 2nd MSC 
transplant.
3D FSPGR FS SAG of 
medial knee 
compartment.  
Before: ET: 1, TR: 12.9, 
TE:2.1
After: ET: 1, TR: 14.0, TE: 
2.1

In same image slices as 
in prior page, note 
thicker chondral 
cartilage in bottom after 
images, generally 1 mm 
thicker (25-33% thicker) 
than before.

Before

After

Magnification of slices from prior slide.
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Before: Medial Joint Width 
26.0 Pixels

After: Medial Joint Width 
26.0 Pixels

After: Medial Joint Width
33.7 Pixels

Before: Medial Joint Width 
21.0 Pixels

SK is a 58 year old white male s/p a knee hyper extension injury of 18 months duration, with moderate OA and a 
lateral meniscus tear.  Matching 3.0 T T2 mapping sequences used to better delineate the cartilage-bone interface.  
Multiple lateral joint height measurement on 4 matching slices (only 2 shown)  were averaged and then before 
lateral joint with compared to 6 months after Treatment.  20-25% increased joint height noted.  The patient 
reported significant relief of knee pain.
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37 yo WM-3 months post 3 injections
of autologous mesenchymal stem cells
into the medial trochleargroove.  3.0T before 
and after axial PDFS sequences taken on 
different magnets.

Before

After

Note appearance of cartilage in dashed 
circle, before image shows ragged 
appearance with breaks on the patellar 
surface and the medial trochlear groove 
surface.  The two best match axial slices on 
the right show improved contour of the 
cartilage with fill in of the defects.
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Matching 3.0T COR PDFS images, before is May 08 and after is Jun 09.  
Pre is ET:7, TR:3466.7, TE: 47.5.  Post is ET:7, TR: 3466.7, TE: 47.6.

54 you WF with small 
lateral compartment 
OCD.  Survey of slices 
across the lateral 
compartment.  70% 
improvement 
approximately 1 year 
after procedure and 
return to competitive 
horse jumping.

Before After



KL-Meniscus Changes and 
Subjacent Bone Changes

60 yo WM with >30 year history of knee pain.  
The patient had both knees treated as part of 
IRB approved study.  One side responded well, 

the other went onto the next phase of the study 
for non-response.  This is the side that 

responded.  Note the changes in meniscus 
appearance as well as the partial resolution of 

subjacent bone cysts seen in both planes of MRI 
imaging (sagittal and coronal).  

Regenerative Sciences


