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Case report

Effect of autologous adipose-derived mesenchymal
stem cell therapy in the treatment of an
osteochondral lesion of the ankle

Julien Freitag

SUMMARY

Osteochondral lesions (OCLs) of the talus are rare

but can be associated with significant morbidity and
may lead to the development of osteoarthritis. An
improved understanding of the action of mesenchymal
stem cells (MSCs) has seen renewed interest in their
role in cartilage repair, with early preclinical and
clinical research showing benefits in symptomatic and
structural improvement. A 42-year-old man presented
with an unstable OCL of the talus and onset of early
osteoarthritis with a history of multiple previous

ankle arthroscopies for ankle impingement. The

patient underwent arthroscopic removal of the OCL in
combination with adipose-derived MSC therapy. The
patient reported progressive improvement as measured
by the validated Foot and Ankle Disability Index. Repeat
MRI with additional T2 mapping techniques showed
successful regeneration of hyaline-like cartilage. This case
is the first to show the successful use of MSC therapy
in the management of an ankle OCL. Trial registration:
Australian New Zealand Clinical Trials Registry -
ACTRN12617000638336.

BACKGROUND

Osteochondral lesions (OCLs) of the talus were
first described and classified in 1959 by Berndt
and Harty." These lesions can result in pain asso-
ciated with weight bearing, loss of range of motion
and mechanical symptoms of locking or instability
resulting in significant mobility impairment. It is
believed that OCLs are a precursor to early devel-
opment of progressive osteoarthritis.”*

Treatment strategies for OCLs of the ankle
include surgical and non-surgical conservative
management. Surgical treatments include surgical
excision, excision combined with bone marrow
stimulation techniques including curettage and
microdrilling/microfracture, osteochondral auto-
graft transfer system (OATS) and autologous chon-
drocyte implantation (ACI).

Non-surgical management with a period of
immobilisation has been associated with successful
improvement in pain and function between 29%
and 69%, though this typically is reserved for un-dis-
placed and stable lesions.*” Direct excision of the
OCL has been reported to have a success rate as low
as 30%.% Excision combined with curettage and/or
other bone marrow stimulation techniques has a
broad reported success rate of 46% to 100% though
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studies have questioned the long term viability of
resultant fibrocartilage with early degeneration and
recurrence of symptoms.® The use of OATS has
been associated with successful outcomes though it
can be associated with considerable morbidity due
to donor site pain. Several studies have also shown
eventual loss of the graft chondral layer with degen-
eration of the surrounding native chondral surface.’
ACI techniques have been used with success but
are technically difficult, require multiple surgeries
and may be complicated by donor site morbidity
and poor integration with surrounding cartilage.'
Recent research has assessed the use of an injectable
bio-scaffold (BST-CarGel) in association with bone
marrow stimulation techniques for isolated chon-
dral lesions with reported improvements compa-
rable to ACI at 12 months of follow-up.'!

The ability of mesenchymal stem cells (MSCs) to
differentiate along cell lines of mesodermal lineage
(including osteoblasts and chondrocytes) has seen
them being explored as an orthobiologic cellular
therapy for tissue repair.'*'* However, despite their
observed multi-potency, it is now more commonly
accepted that their mechanism of action is primarily
due to paracrine expression of cytokines, the release
of secretomes/exosomes containing both cytokines
and messenger RNA for direct horizontal transla-
tional upregulation of reparative cellular processes
and by direct cell to cell interaction. '

Adult MSCs are found within various tissue
types throughout the body. While bone marrow
has commonly been used as a source of MSCs, it
has surprisingly a relative paucity of MSCs with
the MSC population comprising only 0.001% to
0.02% of the mono-nucleated cells isolated from
bone marrow aspirate.'® ' In comparison, human
adipose tissue—obtained from a minimally invasive
liposuction technique—yields MSC numbers of 1%
to 10% of the nucleated cell population.'® Impor-
tantly, previous research has shown adipose-derived
MSCs (ADMSCs) to have an observed chondro-
genic potential similar to bone marrow-derived
MSCs." 2

There is a growing body of pre-clinical and clin-
ical research supporting the use of MSC therapy
in the treatment of osteochondral defects/lesions.
Wakitani and colleagues successfully used MSC-
impregnated biological scaffolds in a limited clin-
ical trial with successful repair of isolated chondral
defects.”’ The use of injectable MSCs following
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bone marrow stimulation techniques including microdrilling has
also resulted in significant regeneration of hyaline-like cartilage
with Type II collagen confirmed on histopathology.”” We have
shown in past publications the benefit of intra-articular injections
of autologous ADMSCs in the treatment of an osteochondral
defect of the knee and also of a focal post-traumatic chondral
lesion of the patella.” ** Most recently, we have published a
randomised controlled trial showing reproducible and significant
pain reduction, functional improvement and disease progression
modification following the use of ADMSC in the treatment of
moderate (Kellgren-Lawrence Grade II-IIT) knee osteoarthritis.>

Despite the growing research on the role of MSC therapy in
osteoarthritis and cartilage repair, there has been a paucity of
research on joints other than the knee. Due to differing biome-
chanics, it cannot be presumed that results in other joints will
be the same as that seen in treatment of the knee. The aim of
this case study was to assess the efficacy of autologous ADMSC
therapy in combination with excision and curettage of a focal
OCL of the ankle. This case study is a part of a broader ethics
approved and registered case series on the effect of MSC therapy
in arthritis (Australian New Zealand Clinical Trials Registry
- ACTRN12617000638336).

CASE PRESENTATION

A 42-year-old male presented with a painful right ankle. He had
a history of previous repeat ankle surgical interventions. The
patient was unable to comfortably walk prolonged distances
and had been unable to return to his past chosen recreational
sporting pursuits including running and basketball. The patient
was otherwise well with no other past medical history.

The patient noted a history of initial ankle arthroscopy 13
years prior for symptoms of anterior impingement and ankle
pain with removal of an anterior talar spur/prominence and
chondroplasty/curettage to an area of unstable cartilage over the
lateral talar dome. Due to recurrence of symptoms 4 years later,
he underwent a formal talar osteotomy with unfortunately poor
recovery and development of chronic pain and debility. Repeat
imaging showed the presence/development of a repeat lateral
talar dome chondral lesion for which he underwent arthroscopic
curettage/osteoplasty and further to this a later periosteal graft
procedure. Most recently, the patient had undergone a further
arthroscopy with chondroplasty performed at the site of the
previous periosteal graft.

Despite regular use of simple analgesics (paracetamol and
non-steroidal anti-inflammatories), activity modification and
physiotherapy, the patient failed to improve. Routine radiolog-
ical assessment with X-ray showed early talo-cural joint osteoar-
thritis and an appearance of a lateral talar dome OCL (figure 1).
Subsequent MRI confirmed an unstable OCL at the site of the
previous periosteal graft with active bone marrow oedema deep
to the sclerotic line of the OCL.

He was referred by his treating orthopaedic surgeon for consid-
eration of ADMSC therapy in combination with arthroscopic
excision and curettage.

The current level of evidence of MSC therapy was thor-
oughly discussed with the patient and he received formal written
information regarding the use of and relative risks that may be
associated with MSC therapy. Alternatives including excision
and curettage in isolation, additional bone marrow stimulation
methods and graft techniques including OATS and ACI were
discussed. Prior to commencement of treatment, the patient
completed formal written consent.

Figure 1

Pre-treatment X-ray showing evidence of an osteochondral
lesion (blue circle).

INVESTIGATIONS

Routine radiological X-ray assessment showed evidence of
osteoarthritis with mild early narrowing of the lateral talo-
crural joint space and evidence of an OCL (figure 1). MRI of the
right ankle prior to arthroscopy confirmed a lateral talar dome
OCL (figure 2). Repeat MRIs were performed at 3, 8, 12 and
24 months post commencement of ADMSC therapy (figure 2).
Sequential quantitative MRI T2 mapping was performed to
determine cartilage quality (figure 3).

TREATMENT

Arthroscopic excision of OCL with curettage

Under general anaesthetic and lower limb tourniquet control,
the patient underwent right ankle arthroscopic examination.
The area of the OCL was probed confirming instability of the
OCL fragment. The fragment was excised using an arthroscopic
grasper with an arthroscopic shaver used to debride the lesion to
stable margins. Curettage was performed using an arthroscopic
burr with removal of the sclerotic base of the OCL, exposing
bleeding subchondral bone.

Autologous ADMSC preparation

Harvest procedure

The patient underwent a limited abdominal liposuction. This
procedure has been formally described in past publications.>*™* In
summary, approximately 200 mL of tumescent fluid (comprising
of 30 mL of 29 lignocaine, 1mL of 1:1000 epinephrine, and 1 mL
of 8.4% bicarbonate suspended in normal saline to a total volume
of 1000 mL) was infiltrated throughout the area of abdominal
fat via two lateral abdominal incisions. Using a handheld manual
suction technique (a 3mm lipoaspirate cannula connected to a
20 mL syringe), 25 mL of lipoaspirate was collected. The lipoaspi-
rate was then transferred directly to a clean room laboratory on
site (Magellan Stem Cells, Melbourne, Australia).

Isolation and expansion of MSCs

The process of isolation and expansion has been previously
described.” 27 The isolation and expansion of ADMSCs was
performed within a clean room laboratory with equivalent of
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Figure 2 Sequential coronal and sagittal MRI images from baseline to 24 months showing progressive articular cartilage regeneration. Baseline
PD fat-saturated MRI of the ankle confirmed an OCL. The area of bony oedema deep to the OCL border indicates instability (blue circle). PD coronal
and sagittal images at 3, 8, 12 and 24 months of follow-up. The coronal view at 3 months indicates an area of lucency beneath the area of cartilage
regeneration (black arrow). This resolves with subsequent imaging. OCL, osteochondral lesion; PD, proton density.

>ISO 5 air quality and additionally within Class II biological
safety cabinets.

Isolated ADMSCs were suspended in clinical grade MSC cryo-
protectant media and cryopreserved using a validated control
rate freezing method.” 28 %

Characterisation and sterility testing
Flow cytometry fluorescence-activated cell sorting (FACS) anal-
ysis assessed for the presence of MSC surface markers as per
previous criteria established by the International Society of
Cellular Therapy (table 1).%°

Sterility testing was performed independently for microbial
growth/contamination at completion of isolation and expansion.

ADMSC carrier media preparation

At the time of injection, ADMSCs were suspended in an autol-
ogous carrier media—autologous conditioned serum (ACS). A
total of 27 mL of whole blood was withdrawn via venepuncture
and collected in 3 X 9 mL sterile S-Monovette clotting activator
tubes (Starstedt, Numbrecht, Germany). Following collection,
the tubes were incubated at 38°C for 24 hours and then centri-
fuged at 1000 rpm for § min with separation of the plasma and
cellular components. The plasma layer was removed and filtered
through a 0.2-micron syringe filter (PALL, New York, USA)
resulting in an acellular sample of ACS.

ADMSC treatment protocol and injection method
ADMSCs were taken out of cryopreservation and thawed in a
sterile water bath. The cyroprotectant media was removed by

8 months

-

3 months

repeat centrifugation and washing of the cell pellet in chilled
phosphate-buffered saline. The resultant ADMSC cell pellet was
re-suspended in ACS to a total of 2 mL. A Muse Cell Analyser
(Merck, Millipore, USA) was used to confirm cell number and
viability.

It was planned that the patient would receive approximately
20 million ADMSCs at baseline and again at 6 months. After
review at 12 months and due to observed incomplete chondral
regeneration, the patient underwent a third and final injection of
approximately 50 million ADMSC:s (see table 2).

All injections were performed using an aseptic technique and
under direct visualisation with the use of ultrasound (US). Local
anaesthetic (1 ml 2% lidocaine) was infiltrated superficial to the
joint capsule of the talo-crural joint line using an anterolateral
approach. The ADMSCs re-suspended in ACS to a total of 2
mL were subsequently injected under US guidance into the intra-
articular space using the same approach.

Outcome measures/analysis

Functional outcome was assessed throughout the follow-up

period using the following validated clinical outcome question-

naires at 0, 1, 3, 6, 12 and 24 months.

1. Foot and Ankle Disability Index (FADI): FADI consists of
26 items including four pain-related items and 22 activity-
related items and is a validated measure of foot and ankle
function.®! ** Each item is scored on a 5-point Likert scale
with activity items scored as 0 (unable to do) to 4 (able to
complete with no difficulty) and pain items as 0 (unbear-
able) to 4 (no pain). FADI has a total point value of 104

12 months

24 months
l‘iﬁ{" - o 4 . b

Figure 3 Sequential MRI T2 mapping of the area of cartilage regeneration over 24 months of follow-up. Values were compared against an area of

native hyaline cartilage in the central talus.
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Table 1
International Society of Cellular Therapy guidelines

Fluorescence-activated cell sorting surface marker analysis showing results consistent with mesenchymal stem cells as per the

Positive markers

Negative markers

CD90 +ve CD73 +ve CD105 +ve
98.44 99.87 99.12

Percentage

CD14 +ve CD19 +ve CD34 +ve CD45 +ve
0.74 0.09 0.91 0.8

and is expressed as a percentage, with 100% indicating no
dysfunction.

2. FADI Sport: The FADI Sport score consists of eight items
similarly graded on a $-point Likert scale.’' ** FADI Sport
has a total point value of 32 points and is also expressed as a
percentage, with 100% representing no dysfunction.

Questionnaires were completed remotely and online using the
software programme Clinical Intelligence (Clinical Intelligence,
Melbourne, Australia).

Structural outcome was assessed using repeat MRI performed
at 0, 3, 8, 12 and 24 months. A modified International Cartilage
Repair Society (ICRS) score (Grade 0 to 4) was used to describe
the cartilage defect.>® Cartilage quality was assessed using the
validated non-invasive MRI technique of T2-relaxation time
cartilage mapping.**** Previous studies have used this technique
to assess and quantify cartilage regeneration quality following
interventions such as microfracture/drilling and also use of
injectable bio-scaffolds such as BST-CarGel.'" Cartilage quality
at the site of repair was assessed against native cartilage over a
normal region in the mid portion of the talar dome—T2-relax-
ation time values in this region served as a comparative control.

OUTCOME AND FOLLOW-UP

Functional outcome

The patient showed progressive functional outcome during the
follow-up period. Results at 12 months were not as good as seen
at 6 months or 24 months and may reflect limitation of lower limb
movement and function as a result of an acute knee injury at this
time that was reported by the patient. FADI scores improved from
61% at baseline to 91% at 24 months indicating significant clinical
improvement in function. While improvement was noted in FADI
Sport, this still indicated considerable limitation. See figure 4.

Structural outcome

MRI imaging at 3 months post commencement of ADMSC
showed incomplete cartilage-like tissue at the site of the OCL.
A radiolucent line at the interface of cartilage-like tissue and
subchondral plate suggested an unstable area of cartilage forma-
tion. Repeat MRI at 8 months showed continued maturation of
cartilage like tissue though a persistent radiolucent line remained
at the medial border of the new cartilage and subchondral plate.
A 12-month MRI showed continued maturation of tissue with
final MRI at 24 months showing robust hyaline-like cartilage
infill/regeneration at the site of the previous OCL. The radiolu-
cent area had resolved (see figure 2). Smooth integration with
surrounding native cartilage was observed. Modified ICRS score
improved from 3 at 3 months to 1 at 24 months.

Table 2 Cell count and viability as measured by the Muse cell
analyser

Baseline injection 6 month injection  12month injection

ADMSC cell number 21 million 20 million 52 million
Viability 98.4% 98.6% 98%

ADMSC, adipose-derived mesenchymal stem cells.

Quantitative MRI T2 mapping analysis at 3 months indicated
relaxation time values on average of 80 ms with best values
recorded in superficial zones (average 54 ms) and larger values
recorded in the deep zone (average 110 ms). Overall T2 relax-
ation time values improved throughout the period of follow-up,
improving to an average of 65 ms at 24 months. T2 values at 24
months were comparable to values seen in native cartilage. See
figure 3 and table 3.

Complications and adverse events

No significant adverse events were noted throughout follow-up.
The patient observed a self-limiting flare up in discomfort following
each ADMSC injection. This lasted up to 1week and required the
use of ice and simple analgesics only. As the flares did not affect
their daily activities, they were considered a mild adverse event.

DISCUSSION

This case study is the first documented use of ADMSC therapy in
combination with arthroscopic excision and curettage of an OCL
of the ankle. The patient had had prior unsuccessful ankle surgery
and a most recent failure of a periosteal graft.

Throughout the follow-up period of 24 months, the patient
reported marked functional improvement in daily activities and
function as recorded by the FADI score. Despite seeing improve-
ment in the FADI Sport score, these results were less significant and
reflected persistent limitation in sporting pursuits and recreational
activity. Treatment was well tolerated with no significant adverse
events observed.

Repeat MRI analysis over the 24 months of follow-up showed
progressive regeneration of cartilage over the site of the previous
OCL. Final MRI at 24 months indicated almost complete fill of
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Figure 4 Progressive improvement in the FADI score indicated
significant clinical improvement over the time course of follow-up. FADI
Sport assessment improved only subtly over the 24 months of follow-up.
FADI, Foot and Ankle Disability IAnkle Disability Index.

Freitag J, et al. BMJ Case Rep 2020;13:6234595. doi:10.1136/bcr-2020-234595



Novel treatment (new drug/intervention; established drug/procedure in new situation)

Table 3 MRIT2 relaxation time values in deep, intermediate and
superficial zone of cartilage at the site of regrowth and also at a
site of native cartilage. Native cartilage values were recorded over a
normal region of cartilage in the mid portion of the talar dome and
served as a control

MRI T2 relaxation times (mean milliseconds with average SD in

brackets)
Native cartilage at 24
3 months 12 months 24 months months (control)
Deep zone 110(120) 100 (110) 80 (40) 70 (20)
Intermediate zone 70 (40) 65 (30) 60 (40) 50 (10)
Superficial zone 55 (18) 50 (20) 45 (15) 40 (10)
Overall 80 (80) 75 (60) 65 (30) 55 (15)

the defect with resolution of a previous area of lucency between
the regenerative tissue and subchondral plate/calcified cartilage
layer, which had been observed in previous MRIs. Progressive
cartilage regeneration was reflected in a modified ICRS assess-
ment improvement from 3 at 3 months to 1 at 24 months. T2
relaxation time values improved throughout follow-up with final
values comparable to native cartilage, suggestive of hyaline-like
cartilage morphology.

Marrow stimulation techniques such as microfracture/micro-
drilling have been associated with cartilage regeneration though
past studies have shown predominantly Type I collagen on biopsy
and significantly elevated T2 mapping values indicating fibro-
cartilage formation.’*>’ Long-term efficacy of microfracture/
microdrilling in isolation is limited with past studies indicating
progressive degeneration and recurrence of symptoms within 3
to 5 years.”” The observed progressive chondral regrowth and
improved T2 mapping values over 24 months of follow-up is
suggestive that ADMSC therapy in combination with curet-
tage results in robust hyaline-like cartilage formation and may
result in improved long-term outcome over bone marrow stim-
ulation techniques in isolation. This is consistent with previous
pre-clinical and clinical studies comparing microdrilling against
microdrilling in combination with MSC therapy.?* ** !

Observed improvement of T2 mapping values over 24 months
indicated reduced water content and collagen anisotropy, sugges-
tive of progressive maturing of cartilage. This is similar to what
has been observed following ACI techniques whereby greater
Type II collagen and hyaline-like properties are observed at 24
months versus 12 months of follow-up.**

Final T2 mapping values compared favourably against previ-
ously studied techniques. In a recent randomised controlled trial
involving OCL of the ankle/talus, arthroscopic microfracture
was compared against the use of BST-CarGel in combination
with microfracture.”” Average T2 mapping values at 12 months
were 85 and 70.5 ms, respectively. Average native cartilage values
were comparable to that of our patient (51.5 vs 55 ms respec-
tively). Subsequent 5-year outcome reporting of this randomised
controlled trial has indicated progressive elevation of T2 values
at the site of repair suggestive of degeneration.* Whether the T2
values in this case study show on-going maturation and improve-
ment or decline in longer-term follow-up is yet to be determined.
Additional long-term follow-up to 5 years and beyond is intended.
While arthroscopic biopsy would provide more definitive indica-
tion of Type II cartilage formation, repeat arthroscopy and possible
morbidity associated with the biopsy site was not felt to be justi-
fiable given the patient’s functional and structural improvement.

In addition to the use of ADMSCs, ACS was used as a carrier
media and may have had additional therapeutic benefit. Previous

research has suggested that the combination of MSCs with blood
derived growth factors may assist in the expression of collagen Type
II and reduce chondrocyte apoptosis.** Growth factors expressed
in ACS including transforming growth factor betal (TGFB1) and
basic fibroblast growth factor (bFGF) have also been shown to
assist in migration of MSCs to the site of injury.** bFGF has also
been shown to effectively suppress collagen type X formation and
limit possible hypertrophic endochondral ossification which can
result following bone marrow stimulation and graft techniques.*®

Whether the observed cartilage regeneration was as a result of
ADMSC integration into the site of repair and direct differenti-
ation along a chondrocyte lineage is unknown. Past research has
failed to reproducibly show integration of MSCs within articular
cartilage repair and it is likely that the action of MSCs in regards
to assistance in repair is achieved through cell to cell interaction
and paracrine mechanisms. Additional use of cell labelling tech-
niques such as magnetic tagging would allow for assessment of
cell migration, integration and retention and would be beneficial
in any future formal trials.*’

Importantly, the results of this case report of an ankle OCL
reflect the benefits observed in past trials assessing MSC therapy
in combination with bone marrow stimulation techniques in the
treatment of cartilage lesions of the knee.?'™ This suggests that
this technique may have reproducible benefit in all focal carti-
lage lesions irrespective of the joint involved.

In this single case report, the treatment of an ankle talar OCL
with autologous ADMSC therapy in combination with arthroscopic
curettage resulted in successful functional and structural improve-
ments. Treatment was well tolerated. This is the first observed use
of this technique in the literature involving an OCL of the talar
dome. The improved structural outcome against other well studied
and currently used techniques suggests that that the novel use of
ADMSC therapy is a promising treatment option. More well-
structured research is required to validate the observations of this

Learning points

» Ankle talar dome osteochondral lesions (OCLs) cause
significant pain and morbidity with later development of
osteoarthritis.

» Current conservative and surgical management of talus
OCLs have inconsistent and limited success rates. Surgical
techniques such as autologous chondrocyte implantation/
matrix-induced autologous chondrocyte implantation are
additionally limited by complications including donor site
morbidity and potential poor integration with surrounding
native cartilage.

» The novel use of autologous adipose-derived mesenchymal
stem cell (ADMSC) therapy in combination with arthroscopic
curettage resulted in robust hyaline-like cartilage repair,
smooth integration with native cartilage and concurrent
functional improvement.

» In this case report, the use of autologous ADMSC therapy
resulted in successful structural repair where previous
surgical treatment intervention had failed.

» MSCs through both reparative and anti-inflammatory
pathways represent an exciting therapeutic development in
the treatment of joint pathology. The results of this novel case
report with improvements observed against current treatment
options highlight the importance of further validating well-
structured research.
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case report prior to ADMSC therapy being adopted as part of stan-
dard practice.
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