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Summary

 Background:  The purpose of this study was to see if percutaneously injected autologous mesenchymal 
stem cells, platelet lysate, and dexamethasone could reduce this patient’s knee cartilage 
defect size.

 Case Report:  A study patient’s mesenchymal stem cells were obtained from her iliac crest bone marrow, 
isolated and expanded in culture.  They were then injected into her knee along with 
autologous platelet lysate to enhance growth, and nanogram doses of dexamethasone to 
promote  differentiation to chondrocytes.  Pre and post treatment MRI imaging, physical 
therapy and pain score data were then analyzed.

 Conclusions:  This patient’s MRI data showed a signifi cant decrease in cartilage defect size.  Along with 
this, her measured physical therapy outcomes and subjective pain and functional status all 
improved.  Autologous mesenchymal stem cell injection, in conjunction with platelet lysate 
and low-dose dexamethasone are a promising minimally invasive therapy for osteoarthritis 
of the knee.
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BACKGROUND

Mesenchymal stem cells are pluripotent cells found 
in multiple human tissues including bone marrow, 
synovial tissues, and adipose tissues. They have been 
shown to differentiate into bone, cartilage, muscle, 
and adipose tissue and represent a possible promising 
new therapy in regenerative medicine [1-3]. Because 
of their multi-potent capabilities, mesenchymal stem 
cell (MSC) lineages have been used successfully in 
animal models to regenerate articular cartilage and 
in human models to regenerate bone [4-8].

The regeneration of articular cartilage via percutane-
ous introduction of mesenchymal stem cells (MSC’s) 
is a topic of signifi cant scientifi c and therapeutic 
interest [9-30]. Stem cells can naturally differentiate 
to other cell lines such as chondrocytes. However, 
many practical issues remain before this approach 
enters mainstream clinical practice. For example, 
various elements of the local microenvironment can 
effect MSC differentiation [31-33]. Several authors 
have shown that dexamethasone acts as a potent dif-
ferentiating agent for MSC’s toward a chrondrogenic 
lineage [34-37]. In addition, it’s thought that a scaf-
folding material might be needed to allow the MSC’s 
to attach and engraft [38-41]. Additionally, isolated 
bone marrow nucleated cells implanted into degene-
rated human peripheral joints have shown promise 
for joint repair [42].

The present case study reports on a successful clinical 
result using percutaneously implanted, autologous 
culture expanded MSC’s with marrow clot as a scaf-
fold and dexamethasone as a differentiating agent. 

CASE REPORT

The research protocol was approved through a non-
profi t Institutional Review Board (The Spinal Injury 
Foundation, Westminster CO). Inclusion criteria 
were as follows:

1.  Male or female patients, 18-65 years of age
2.  MRI evidence of degenerative knee osteoarthritis 
3.  Persisting intrusive pain resulting from the condi-

tion identifi ed in (2). To ensure that the diagnosis 
of intrusive osteoarthritis was accurate, diagnostic 
blocks were used. Confi rmation that a joint was 
a primary cause of the patients’ pain was accom-
plished with a fl uoroscopically guided injection of 
0.75% Marcaine and 4% Lidocaine into the joint 
space followed by complete pain relief. 

4.  The patient had been evaluated by a board certifi ed 
orthopedic surgeon and informed that they were a 
knee arthroplasty candidate

Exclusion criteria:
1.  Active infl ammatory or connective tissue disease 

(i.e. lupus, fi bromyalgia, RA)
2.  Active non-corrected endocrine disorder potentially 

associated with symptoms (i.e. hypothyro idism, 
diabetes)

3.  Active neurologic disorder potentially associated 
with symptoms (i.e. peripheral neuropathy, mul-
tiple sclerosis)

4.  Severe cardiac disease
5.  Pulmonary disease requiring medication usage
6.  A history of dyspnea or other reactions to transfu-

sion of homologous blood products

Pre-procedure data collection:
1.  CBC and SMAC to rule out unknown medical 

condition (within 3 months of procedure)
2.  The patient was surveyed for activity level

A 46 year-old female was actively recruited by their 
pain physician from a private interventional pain 
management practice based on her diagnosis of OA 
causing signifi cant ongoing pain and disability and 
their willingness to proceed with the study. This pa-
tient was provided with extensive informed consent 
prior to being enrolled in the study. 

Patient History: 

The patient presented with a two year history of 
right knee pain that began after being kicked in the 
shin during a martial arts class. She had daily 4-5/10 
pain which increased to 7-8/10 with activities such 
as bending, kneeling, and prolonged walking. Prior 
treatments included three hyaluronic acid injections 
and two corticosteroid injections, which resulted in 
moderate, but short lived symptomatic improvement. 
Her pain medication regimen included daily glucos-
amine supplements as well as Ibuprofen and Mobic 
on an as needed basis.

On initial physical examination there was medial 
joint line tenderness and a positive patellar grind 
test. Apley’s and McMurray’s tests were negative, and 
there was no ligamentous laxity or joint swelling. 

A pre-treatment 3.0 T MRI demonstrated a medial 
chondral defect on the weight bearing portion of the 
femur with degenerative thinning of the meniscus. 

For one week prior to the marrow harvest procedure 
the patient was restricted from taking corticosteroids 
or NSAIDs. Coincident with this harvest procedure, 
approximately 200cc of heparinized IV venous blood 
was drawn to be used for platelet lysate (PL). To pre-
pare platelet lysate, platelet rich plasma was prepared 
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via centrifugation at 200g to separate plasma/platelets 
from the red blood cells. The supernatant was then 
drawn off and the platelets pelleted at 1000g centrifu-
gation.  The volume of blood serum was reduced so 
that the platelet concentration was 1x109 cells/ml. This 
was considered 100% platelet lysate after a freeze/thaw 
cycle, which was then diluted to between 10-20% as 
supplement for serum free cell culture media. 

The patient was then placed prone on an OR table 
and the area to be harvested was numbed with 1% 
Lidocaine, and a sterile disposable trocar was used 
to draw 10 cc of marrow blood from the right PSIS 
area and 10cc from the left PSIS area. 

Whole marrow was centrifuged at 100g for 4-6 minutes 
to separate the plasma from the RBCs. The plasma was 
removed, placed in a separate tube, and centrifuged at 
1000g for 10 minutes to pellet the nucleated cell frac-
tion. The nucleated cells were washed once in PBS, 
counted, and then re-suspended in DMEM + 10% 
PL and seeded at 1x106 cells/cm2 in monolayer fl ask 
culture. Cultures were incubated at 37°C/5% CO2 in 
a humidifi ed environment. The culture medium was 
changed after 3 days, removing the majority of the 
non-adherent cell population. MSC colonies developed 
6-12 days after seeding. After growing to near confl u-
ence, the colonies were trypsinized over 30-60 seconds 
such that only the colony-forming MSCs detached. The 
MSCs were reseeded at a density of 12,000 cells/cm2 
in αMEM + 5%, 10%, or 20% PL. Each culture was 
passaged 1:3 after reaching 40-50% confl uence. 

After MSC’s had been grown to the 5th passage, they 
were suspended in phosphate buffered saline (PBS). 
The patient returned to the clinic and was consented 
in writing. The patient was then placed prone on a 
fl uoroscopy table and the bilateral PSIS area was 
prepped with betadine and sterile drapes. The skin 
and deeper tissues were then anesthetized with 1% 
Lidocaine. A sterile trocar was then inserted under 
fl uoroscopy guidance to the superior medial corner 
of the iliac wing and 10 cc of marrow was drawn. 
The patient was then quickly turned over and placed 
supine with the right knee bent at 45 degrees and re-
prepped using betadine and sterile gloves. A 25 gauge 
2 inch needle was then inserted through a medial 
inferior approach under c-arm guidance. Once the 
joint space was attained, 0.25 cc of Isovue contrast 

diluted 50% with PBS was injected. Once good medial 
intra-articular fl ow was established, 5.6 x 106 MSC’s 
suspended in PBS were injected, followed by 10 cc of 
whole marrow and 1 cc of 10% platelet lysate. The 
patient was instructed to remain still for one hour to 
allow for cell attachment and then was instructed to 
maintain activity as tolerated. The patient returned 
for two additional 10% intra-articular knee platelet 
lysate injections (1 cc) at week 1 and week two (post-
transplantation). With the two week post transplant 
platelet lysate supplementation, 1 ml of 10 ng/ml 
dexamethasone was also injected. 

Modifi ed VAS questionnaires and Functional Rating 
Index [43-44] questionnaires were provided to the pa-
tient and administered before the procedure, 1 month 
after the procedure, and three months after the pro-
cedure. The modifi ed VAS is a patient’s response to 
three questions of pain intensity using the standard 
1-10 scale, which are then multiplied by a frequency 
for that complaint. This frequency is determined by the 
answer to two questions, with numerical increments 
of 0.25 to 1. A person with signifi cant pain (high VAS) 
present only with infrequent activity (two frequency 
multipliers of 0.25) would have a low Modifi ed VAS 
numerical score. Range of motion measurements of 
the knee were measured by a physical therapist before 
the procedure, 1 month post-procedure and 3 months 
post procedure. In addition, pre-procedure MRI’s were 
obtained on a GE 3.0 T magnet with Proton Density 
Fast Spin sequences in the sagittal coronal planes. Post 
procedure images at 1 month and at 3 months were 
obtained using matching excitation times (NEX), rep-
etition times (TR), and echo times (TE). Quantitative 
meniscus and articular cartilage volume analysis was 
carried out using commercially available image process-
ing software (OSIRIS- Digital Imaging Unit, Division 
of Medical Informatics, University Hospital of Geneva) 
using three traces by the same independent examiner, 
of each region of interest (ROI). Standard deviation 
from the mean was calculated for these three traces. 
The area of the medial weight bearing femoral defect 
was also traced and calculated in a similar manner.

RESULTS

Cell yields upon initial marrow harvest and processing 
are discussed below in table 1. Note the disparity in 
the nucleated cell yield from left to right sites. Since 

Table 1. Cell yields from marrow draw.

Marrow Draw Site Platelet Count From Whole Marrow
million/ml

Nucleated Cell Count
millions

RBC Count
billions

Left PSIS 780 14 1.64

Right PSIS 992 53 2.16
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MSC’s represent approximately 1 in 10,000 nucleated 
marrow cells, nucleated cell yield is a likely proxy for 
total MSC’s obtained by the marrow draw.

(caption) Figure 1 shows representative sagittal pro-
ton density fast spin MRI images from a GE 3.0T 
magnet with matching TR and TE from pre-proce-
dure and 2 months post-procedure. Cartilage volume 
analysis is in Table 4. 

(caption) Table 3: The cartilage volume analysis 
demonstrates a decrease in femoral cartilage defect 
volume beyond the measured standard deviation of 
serial measurements.

Patient Outcomes

DISCUSSION

The pre and post procedure MRI analysis demon-
strated a decrease in the volume of the cartilage defect 
on the medial femoral condyle that was more than the 
standard deviation of the three ROI measurements. 

At three month follow-up, modifi ed VAS scores de-
creased to 0/10. Pain with knee extension decreased 
from a pre-procedure VAS of 3/10 to 2/10. 

CONCLUSIONS

This case report shows MRI evidence of femoral 
chondral healing in this middle aged patient. While 
there has been evidence from animal models of car-
tilage regeneration using MSC’s, this is the fi rst case 
report in a human subject (of which we are aware). 

The effects could have been due to the platelet ly-
sate (PL). In our case it was used as a differentiating 
agent for the mesenchymal stem cells. PL contains 
multiple growth factors including TGF-beta, IGF, 
FGF, and PDGF. A literature review of the data on 
the uses similar substances such as plaelet rich plasma 
shows it has a positive effect on the stimulation of 
chondrocytes. [45,46]

While the patient reported clinical response could 
have been due to the Dexamethasone injection pro-
vided post transplant procedure, the levels injected 
(10 ng/ml) were approximately one million times 
lower than those used clinically (milligram or 1 x 10-
3 vs. nanogram or 1 x 10-9). Larger, milligram doses 
of corticosteroids are commonly used to control 
infl ammation in peripheral joints. This large a dose, 
however, has been found to cause apoptosis in chon-
drocytes [47]. However, lower physiologic doses in the 
nanogram range have been shown to actually increase 
extracellular matrix production by chondrocytes [48], 
and are commonly used in-vtro to differentiate MSCs 
to cartilage [49].

It should be noted that without biopsy, there is no 
way to determine if the change was fi brocartilage or 
true hyaline cartilage. Another issue with the clinical 
result is that the chondral defect was only repaired by 
approximately 1/3. Thus multiple such treatments may 
be needed to further heal this type of defect. Of inter-
est, this was a “needle out/needle in” procedure with 
no activity restriction. Longer term follow-up of this 

Table 2. MSC Growth in Culture.

Cell Growth Per Day (millions)

Day 1 0.21

Day 2

Day 3 0.45

Day 4

Day 5 0.99

Day 6

Day 7 2.56

Day 8

Day 9 3.36

Day 10

Day 11 5.6

Days in colony = 9

Table 3. Cartilage Volume Analysis in mm3.

Image Area of Measurement Volume (N=3) STDEV SE % Change from Pre-Injection

 Cartilage surface 2227 115.82 66.95  

Pre-Injection Meniscus 1533 13 7.51  

 Defect 20.7 1.53 0.88  

 Cartilage surface 2216 150.7 87.11 -0.49

6 Months Meniscus 1545 35.1 20.29 0.78

 Defect 14.7 1.15 0.67 -28.99
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patient will continue. Obviously, the generalizability 
of this technique to the larger population of patients 
with symptomatic osteoarthritis and traumatic knee 
injury is unknown. It can be assumed that success rates 
will vary with age, according to MSC yield, degree of 
arthritis, and intrinsic regenerative ability. 
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Table 5. Physical Therapy Outcomes.

            Range of Motion  

Physical Therapy Session Pre-Session VAS Score Flexion (deg) Flexion VAS Extension (deg) Extension VAS

Pre Injection Evaluation 2/10 150 2/10 +5 3/10

4 Week post injection 0/10 150 1/10 +5 2/10

Figure 1. A.  Pre Treatment. B. 2 Months Post Treatment.

Table 4. Functional Rating Index and Visual Analog Scores.

Outcome Measures Pre-Injection 4 Weeks Post 12 weeks Post

Functional Rating Index 17 4 3

Modi! ed VAS 0.67 0.08 0
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