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CASE REPORT

High tibial osteotomy in combination with
arthroscopic abrasion arthroplasty and autologous
adipose-derived mesenchymal stem cell therapy in
the treatment of advanced knee osteoarthritis

Julien Freitag,” "** Cameron Norsworthy,* James Wickham, ' Kiran Shah,
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SUMMARY

Osteoarthritis is a progressive and debilitating condition.
An increasing number of total knee replacements

are being performed under the age of 65. Improved
understanding of the action of mesenchymal stem cells
(MSC) has seen renewed interest in their role in cartilage
repair. A 43-year-old man presented with grade IV medial
compartment knee osteoarthritis. The patient underwent
high tibial osteotomy (HTO) and arthroscopic abrasion
arthroplasty in combination with adipose-derived MSC
therapy. The patient reported improvement in pain and
function as measured by validated outcome scores.
Repeat MRI including T2 mapping techniques showed
hyaline-like cartilage regeneration. This case highlights
the potential benefit of surgical interventions including
HTO in combination with MSC therapy in early-onset
severe osteoarthritis. This technique may considerably
delay or prevent the need for total knee replacement in
young patients. Further controlled trials are needed to
confirm the reproducibility of this outcome.

BACKGROUND
Osteoarthritis (OA) is a chronic and progressive
degenerative condition and can result in consid-
erable pain and functional limitation. Symptom-
atic OA is not just a disease of the elderly and has
an observed radiological prevalence rate of 10%
of men and 18% of women over the age of 45
years.'™ Early degeneration is often attributable to
secondary OA as a consequence of previous trauma.
Of concern is an observed increase in the number of
patients undergoing total knee replacement below
the age of 65.°

In patients with symptomatic unicompartmental
medial OA and associated genu varus malalignment,
the surgical technique of high tibial osteotomy
(HTO) may be considered to delay the need for
total knee replacement (TKR). Previous research
has shown a mean survival time to TKR of up to 10
years following HTO.® Past research has indicated
the benefits of arthroscopic techniques including
arthroscopic abrasion arthroplasty and microfrac-
ture in combination with HTO to promote chon-
dral repair.” There remains questionable long-term
benefits of these arthroscopic techniques however,

as subsequent histopathology has shown type I
collagen fibrocartilage as opposed to type II collagen
hyaline-like cartilage formation.*'* Furthermore,
fibrocartilage has poor load bearing properties with
an observed decrease in clinical outcome as early as
2 years.!!

The use of cellular therapies including mesen-
chymal stem cells (MSCs) has been postulated as a
technique to promote the conversion of fibrocarti-
lage towards mature hyaline-like cartilage.'* Preclin-
ical trials have shown significant structural and
histological improvements in cartilage formation
following intra-articular MSC injections following
microfracture/microdrilling.” ** Clinical trials using
bone marrow or peripheral blood-derived MSCs in
combination with HTO and arthroscopic chondral
stimulation techniques, including microfracture or
microdrilling, have observed successful hyaline-like
cartilage regeneration with type II collagen shown
on histopathology analysis.”™' This case study

Figure 1

Weight-bearing X-ray in flexion (Rosenburg
view) showing grade IV medial compartment
osteoarthritis.
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Figure 2 Long leg mechanical axis X-ray showing a varus knee
alignment of 6.8°.

Figure 3  Arthroscopic picture showing areas of grade IV osteoarthritis
of the medial compartment.

describes the novel use of intra-articular injections of autolo-
gous adipose-derived MSCs (AdMSCs) in combination with a
single-stage HTO and arthroscopic abrasion arthroplasty in the
treatment of a grade IV medial compartment knee OA with an
associated significant varus malalignment.

CASE PRESENTATION

A 43-year-old man presents with progressive knee pain over
the last 10 years. He notes a medical history of previous knee
arthroscopy at age 17 with multiple subsequent arthroscopies.
The last arthroscopy was performed 10 years ago. He is other-
wise well.

On initial examination, the patient had a varus malalignment
of his knee on stance. He had a moderate effusion and his knee
range of motion was limited with a fixed flexion deformity of
10° and flexion through to 90° (measured by a handheld goni-
ometer). He had a stable knee, and hip examination was normal.

Radiological examination included routine knee series X-ray
(including a weight-bearing Rosenberg view), X-ray long leg
mechanical axis and an MRI. Weight-bearing X-ray confirmed
grade IV medial compartment OA based on Kellgren and
Lawrence criteria (figure 1). Long leg mechanical axis alignment
indicated a varus angulation of 6.8° (figure 2). MRI showed
evidence of the previous near-complete medial meniscus resec-
tion with subsequent diffuse full-thickness cartilage loss over the
medial femoral condyle and medial tibial plateau.

Unfortunately, despite a focused conservative management
programme including simple analgesics, low impact exercise,
attempted weight management and use of valgus heel wedges
to offload the medial compartment, the patient had persistent
and debilitating pain with significant impact on his work and
quality of life.

After careful consideration, and with consultation between his
treating physician and orthopaedic surgeon, the patient under-
went a single-stage HTO with arthroscopic abrasion arthroplasty
to areas of grade IV chondropathology of the medial compart-
ment with planned postoperative AAMSC therapy.

The patient received formal written information regarding
the relative risks of surgery and the use of MSC therapy. Prior
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Figure 4  Arthroscopic picture showing the result of arthroscopic
abrasion arthroplasty to areas of grade IV chondropathology with
exposure of capillary bleeding.

to commencement of treatment, the patient completed formal
written consent.

INVESTIGATIONS

See case presentation.
Treatment

Arthroscopic abrasion arthroplasty and HTO surgical
procedure

The patient received a general anaesthetic and surgery was
performed under tourniquet control.

Arthroscopic abrasion arthroplasty was performed as previ-
ously described by Johnson and colleagues.'* Using a spher-
ical 4.5 mm arthroscopic bur, the area of eburnated bone was
abraded down to the subchondral plate until capillary bleeding
was observed. This was performed to both the medial femoral
condyle and the medial tibial plateau (figures 3 and 4). Chon-
droplasty using a 4.5 mm arthroscopic shaver was performed
to areas of unstable cartilage in both the medial and lateral
compartment. A complex tear of the posterior horn and body
of the medial meniscus remnant was debrided using the 4.5 mm
arthroscopic shaver.

After arthroscopic examination and abrasion arthroplasty, the
patient underwent a medial opening HTO using a Flexit System
plate (Neosteo, Nantes, France). Allograft bone crunch (Allo-
vance Crunch, Australian Biotechnologies, Australia) was used
to augment the opening HTO (figure 5).

The patient was placed in a continuous passive motion (CPM)
device in the immediate postoperative period with ROM set at
0-45°.

Autologous adipose-derived MSC preparation

Harvest procedure

Due to ease of harvest, relative abundance and observed chon-
drogenic potential, adipose tissue was chosen as a source of
autologous MSCs.'*

new situation)

Figure 5 Postoperative X-ray of the high tibial osteotomy.

The patient underwent an abdominal lipoharvest procedure as
previously described in past publications.?® After infiltration of
300 mL of tumescent fluid (comprising 30 mL of 2% lignocaine,
1mL of 1:1000 epinephrine and 1mL of 8.4% bicarbonate
suspended in normal saline to a total volume of 1000 mL), 80
mL of lipoaspirate was collected using manual syringe suction
and a 3mm lipoaspirate cannula. Directly after collection, the
lipoaspirate was transferred to a clean room stem cell laboratory
(Magellan Stem Cells, Melbourne, Australia).

Isolation and expansion of MSCs
Isolation and expansion of autologous AAMSCs was achieved
using techniques that have been previously published.?** All
processing of cellular material was performed under strict sterile
conditions within a clean room laboratory with equivalent
of >ISO 5 air quality and class II biological safety cabinets.
Isolated and expanded AdMSCs were cryopreserved in clin-
ical grade-qualified MSC cryoprotectant media using a validated
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Table 1
the International Society of Cellular Therapy guidelines

Flow cytometry fluorescent-activated cell sorting surface marker analysis showing results consistent with mesenchymal stem cells as per

Histograms—positive markers

Histograms—negative markers

CD90+ve CD73+ve CD105+ve

CD14+ve CD19+ve CD34+ve CD45+ve

Percentage 97.54 99.35 99.60

0.92 0.22 0.17 0.34

control rate freezing method and stored in liquid nitrogen until
required.” **

Characterisation and sterility testing
Criteria established by the International Society of Cellular
Therapy were used to characterise the isolated cell popu-
lation.” Fluorescent-activated cell sorting (FACS) analysis,
performed independently at Monash University, assessed for the
presence of MSC surface markers CD90, CD73 and CD105 and
absence of haematopoietic surface markers CD14, CD19, CD34
and CDA45 (table 1).

Independent sterility testing for microbial growth/contamina-
tion was performed on a cell sample at completion of isolation
and expansion.

AdMSC carrier media preparation

Prior to commencement of therapy, an autologous carrier media,
which the AAMSCs are suspended in at time of injection, was
prepared. Previous research had indicated that the combina-
tion of MSCs with a blood-derived carrier media may assist in
increased expression of collagen type IT and reduced chondrocyte
apoptosis.”® Growth factors found in autologous blood-derived
therapies (ie, platelet-rich plasma and autologous conditioned
serum) including transforming growth factor betal (TGFf1) and
basic fibroblast growth factor (bFGF) have been shown to assist
in migration of stromal cells to suite of injury.”” bFGF may also
play a critical role in suppressing collagen type X formation and
prevent possible hypertrophic endochondral ossification.”® For
the purpose of this case series, autologous conditioned serum
was chosen as the carrier media.

MSC treatment and injection method

Cryopreserved cells were thawed in a sterile water bath and
cryoprotectant media removed using both centrifugation and
washing in chilled phosphate buffered saline. The resultant cell
pellet was resuspended in autologous conditioned serum to a
total of 3 mL. Cell number and viability was confirmed using a
Muse Cell Analyser (Merck, Millipore, USA).

Numeric Pain Rating Scale
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Figure 6 Numeric Pain Rating Scale. Pain improved throughout
follow-up and remained improved until completion of follow-up at 24
months.

The patient underwent an intra-articular injection of AdMSC
therapy at day 3 post knee HTO and arthroscopic abrasion and
another injection at 6 months.

The patient received a total of 48 million AAMSCs (viability
89%) on Day 3 and a total of 51 million AAMSCs (viability 87%)
at 6 months.

At the time of injection, the patient’s knee was prepped using
standard sterile procedural protocols. A total of 2 mL of 1%
lignocaine was infiltrated to the subcutaneous tissue at the site of
the injection. Under ultrasound guidance and using a sterile tech-
nique, the autologous AAMSCs were injected into the intra-ar-
ticular knee space using a superolateral approach to the patella.
On day 3, at commencement of MSC therapy, 15 mL of haemar-
throsis effusion—the result of arthroscopic abrasion—was aspi-
rated prior to the intra-articular injection of MSCs.

Postoperative rehabilitation

Following surgical HTO and arthroscopic abrasion arthroplasty,
the patient was non-weight bearing for a period of 8weeks.
During this time, he used a CPM device for 2hours per day.
He was encouraged to adjust the degree of flexion as tolerated.
Furthermore, the patient was instructed on non-weight-bearing
muscle activation exercises.

At 8 weeks, the patient was allowed to weight bear as toler-
ated and commenced active range of motion exercises on a
stationary bike at minimal load. The patient was advised to do
this for 30-60 min at least twice per day. Load was increased as
tolerated.

A formal strengthening programme was commenced under
physiotherapist supervision with avoidance of high impact
exercise.

Analysis method and outcome measures

Pain and functional outcome was assessed using validated ques-

tionnaires and were completed at baseline, 2, 6, 12 and 24

months postoperatively.

These measures included:

» The Knee Injury and Osteoarthritis Outcome Score (KOOS).
KOOS consists of five subscales—pain, symptoms, function
in daily living, function in sport and recreation and knee-re-
lated quality of life. Each subscale receives a score with
100 indicating no symptoms and 0 indicating maximum
symptoms.”’

» The Western Ontario and McMaster Universities Arthritis
Index (WOMAC Index 3.0). WOMAC is a validated quality
of life score in patients with symptomatic osteoarthritis. In
this case study, the global WOMAC score is presented as
in inverse percentage to be directly comparable to KOOS
subscales. Scores ranging from 100 indicate no symptoms
and 0 indicates maximum symptoms.*’

» The Numeric Pain Rating Scale (NPRS). The patient was
asked to rate their knee pain intensity over the previous
week on an 11-point scale of 0-10. The NPRS has been vali-
dated for use in people with musculoskeletal pain.*!
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Western Ontario McMaster Universities Arthritis Index (WOMAC)
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Figure 7 Western Ontario and McMaster Universities Arthritis Index
(presented as an inverse percentage). Pain, stiffness and function
improved following mesenchymal stem cell therapy.

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

Longitudinal structural outcome was assessed using MRI
performed prior to surgery and at 1 month, 6 months, 12 months
and 24 months postoperatively. A modified International Carti-
lage Repair Society (ICRS) score was used to describe the carti-
lage defect™:

» Grade 0: normal cartilage

» Grade 1: focal blistering and intracartilaginous low-signal
intensity area with an intact surface and bottom

» Grade 2: irregularities on the surface or bottom and loss of
thickness of less than 50%

» Grade 3: deep ulceration with loss of thickness of more than
50%

» Grade 4: full-thickness cartilage wear with exposure of
subchondral bone.

The MRI technique of T2 relaxation time was used as a
validated non-invasive method to assess cartilage quality at 12
months and again at 24 months.**3*

Knee Injury and Orthopaedic Outcome Score (KOOS)
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Figure 8 Knee Injury and Osteoarthritis Outcome Score (KOOS). All

subscales of KOOS showed progressive improvement over the period of Figure 9 Postoperative long leg mechanical axis X-ray showing a
follow-up. varus knee alignment of 2.9°.

Freitag J, et al. BMJ Case Rep 2019;12:2228003. doi:10.1136/bcr-2018-228003 5



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

Sagittal View

Figure 10 Sequential proton density (PD) coronal and sagittal MRI images from baseline to 24 months showing articular cartilage regeneration at

the site of chondropathology.

OUTCOME AND FOLLOW-UP

Pain and functional outcome

The patient experienced a routine postoperative period with
minimal discomfort during the period of non-weight bearing and
use of the CPM. At 8 weeks, the patient was able to commence
full weight bearing and a progressive lower limb strength-
ening programme. Pain scores remained consistently improved
throughout follow-up with NPRS at 2 years recorded as 4—an
improvement from 7 at baseline and hence an observed 43%
reduction in perceived pain (figure 6).

Figure 11

(A) MRI T2 mapping of medial compartment at 12 months.
(B) MRI T2 mapping of the medial compartment showing improved
values at 24 months indicating further maturation of the regenerative
cartilage.

The global WOMAC score consistently improved with scores
increasing from 45 at baseline to 78 at 24 months—a total
improvement of 73% (figure 7).

All separate parameters of the KOOS showed improve-
ment across the follow-up period (figure 8). At 24 months,
the symptom score had improved by 100%. Quality of life as
measured by KOOS improved by greater than 260%.

Structural outcome

Following HTO, postoperative long leg mechanical axis
measurements showed correction of the 6.8° varus angulation
to 2.9%f varus angulation (figures 2 and 9). MRI performed
1 month postoperatively convincingly showed cartilage genera-
tion at the site of abrasion arthroplasty over both the medial
femoral condyle and medial tibial plateau (figure 10). MRI at 12
months showed further maturation of cartilage regrowth with
the modified ICRS score improving from grade IV at baseline to
grades I-II at 12 months. This was maintained until completion
of follow-up at 2 years. At 12 months, the average T2-weighted
relaxation time values of the medial femoral condyle and medial
tibial plateau were 43 ms and 39 ms, respectively (figure 11).
This was comparable to areas of native cartilage which had not
undergone arthroscopic abrasion. Further MRI T2 mapping at
2 years indicated progressive maturation of the area of regen-
erated cartilage with average T2 values of the medial femoral
condyle and medial tibial plateau recorded as 40 ms and 33 ms,
respectively. No regeneration of the medial meniscus (which had
undergone a previous near total resection) was observed.

Complications and adverse events

No significant adverse event was observed throughout the
period of observation. Mild bruising at the site of abdominal
liposuction was observed and this resolved within 4 weeks of the
harvest procedure. The patient had routine postoperative care
following HTO and arthroscopic abrasion with a planned over-
night stay in hospital. Pain and swelling of the knee following
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both the day 3 and 6 month intra-articular AAMSC injections
were observed though these episodes were self-limiting, lasting
1week, and required only simple analgesia. No complications
were observed.

DISCUSSION

This case study indicates that AAMSC therapy in combination
with surgical marrow stimulation techniques (arthroscopic abra-
sion arthroplasty) and HTO may be both a well-tolerated, safe
and effective treatment for advanced medial compartment osteo-
arthritis. This may be a suitable option for young patients with
advanced osteoarthritis who are not suitable for consideration
of other surgical interventions including total knee replacement.

Current techniques for the treatment of medial compart-
ment osteoarthritis include HTO. HTO may delay progres-
sion to total knee replacement by 10 years with some studies
showing observed cartilage regeneration with this technique
in isolation.® ** 3¢ Cartilage regeneration, however, is typically
only scattered and only offers partial coverage.®® *® The use of
arthroscopic abrasion in combination with HTO has been asso-
ciated with improved cartilage formation in advanced grade
IV OA. Unfortunately, previous studies have indicated that
cartilage formation observed in HTO and after arthroscopic
abrasion contains predominantly type I collagen and is hence
fibrocartilaginous.”

Previous preclinical and clinical studies have shown the ability
of MSCs when combined with surgical marrow stimulation
techniques (microdrilling/microfracture) to result in hyaline-
like cartilage formation rather than fibrocartilage. Saw and
colleagues have published a limited case series on the use of open
wedge HTO in combination with arthroscopic microdrilling
and peripheral blood MSCs.® Immunohistochemical staining of
biopsies at the site of cartilage formation showed an abundance
of type II collagen closely resembling native articular cartilage.
Using the ICRS Visual Assessment Scale II (ICRS II), two inde-
pendent and blinded histopathologists graded the regenerated
articular cartilage at close to 95% of the scores achieved by
normal articular cartilage.

The methods used in this case study differ from that
described in Saw’s previous case series as we have chosen to
use adipose-derived MSCs and chose the marrow stimulation
technique of arthroscopic abrasion rather than microdrilling.
AdMSCs were chosen due to the ease and safety of harvest (a
limited liposuction under local anaesthetic control) and their
relative abundance. Previous comparative studies have shown
comparable chondrogenic and osteogenic properties of AAMSCs
versus bone marrow MSCs.'® ¥ While peripheral blood MSCs
have been shown to exhibit chondrogenic and osteogenic prop-
erties, the method of collection as described by Saw using bone
marrow stimulation through a granulocyte colony stimulating
factor (filgastrim) followed by apheresis to isolate and collect
peripheral blood MSCs is time consuming and requires hospital
admission. By comparison, a lipoharvest can be performed as an
outpatient day procedure.

Marrow stimulation techniques including microfracture/
microdrilling are thought to allow migration of endogenous bone
marrow MSCs to the site of chondropathology. Bone marrow
surprisingly has a relative paucity of MSCs of between 0.001%
and 0.02% of nucleated cells within bone marrow aspirate and
this suggests that the mechanism of action of bone marrow
stimulation may be different.'” >’ In advanced osteoarthritis
with eburnated bone and an abnormally thickened and sclerotic
subchondral plate, the altered and relative avascular environment

is further to likely limit repair potential. We theorise that the
approach of arthroscopic abrasion arthroplasty and removal of
the sclerotic subchondral plate to bleeding subchondral bone
brings the area back to normal anatomy. Exposing bleeding
subchondral bone causes the release of growth factors including
TGFB1 and bFGF which assists in the migration of stromal cells
to the site of injury.”” This enhances the ability of intra-articular
injected MSCs to directly hone to the area of pathology without
needing to use more arduous and difficult surgical techniques
such as MSC impregnated scaffolds.

Following HTO and arthroscopic abrasion arthroplasty in
combination with AAMSC therapy, the subject reported pain
and functional improvements as measured by validated question-
naires. Perhaps the most striking improvement was seen in the
KOOS Quality of Life (QoL) score, which improved by a value
of 260% from baseline to completion of follow-up at 24 months.

Sequential MRIs showed progressive chondral regeneration with
earliest chondral formation observed at 1 month. Subsequent MRIs
showed progressive maturation of cartilage with improvement in
ICRS score from 4 to 1. MRI T2 mapping techniques showed values
in both the deep and superficial layers comparable to values obtained
from areas of native cartilage. Past research has confirmed a signif-
icant correlation between comparable T2 mapping values of repair
tissue and native cartilage and long-term positive outcome.*® Repeat
T2 mapping at 24 months did show further improvement in values
indicating reduced water content and increased collagen anisotropy
which supports the past observation that the process of chondrogen-
esis is still maturing at 24 months.” This is not uncommon to what
is found with matrix autologous chondrocyte implants that exhibit
greater type Il collagen and hyaline-like cartilage properties at 24
months versus 12 months of follow-up.* While it is accepted that an
arthroscopic biopsy would have provided definitive proof of cartilage
histopathology, this invasive investigation was not felt to be justifiable
due to the significant improvement in the patient’s symptoms.

Whether the AAMSCs migrated to the site of abrasion and
differentiated along the path of a chondrocyte is unknown.
Past studies have not consistently shown integration of MSCs
within articular cartilage repair suggesting that the action of
MSCs may be more through cell to cell contact and paracrine
mechanisms.**™* The use of cell marking techniques to study cell
migration/integration would be useful in further studies.

Importantly, no serious adverse events were recorded during
the follow-up period of 24 months. A self-limiting flare up
in pain following each AAMSC intra-articular injection was
observed though this was self-limiting and required only the use
of simple analgesics. Complications not uncommon to current
surgical management techniques such as autologous chondrocyte
implantation—including tissue overgrowth and osseous forma-
tion—were not observed in this case study.

It is recognised that conclusions from this level IV case study
are limited by the nature of it being a singular case and outcome
follow-up to only 24 months. Long-term follow-up of HTO has
shown an effective delay to total knee replacement by a mean of
10 years. While past studies have effectively shown fibrocartilage
formation when using bone marrow stimulation techniques in
combination with HTO, pain and functional results have been
comparable to HTO in isolation. Furthermore, it is understood
that fibrocartilage has poor weight-bearing qualities and may
show early degeneration. The use of AAMSCs in combination
with arthroscopic abrasion resulting in regenerative tissue with
hyaline-like cartilage morphology may theoretically improve the
long-term results of HTO.

In this limited case study, the use of autologous AAMSC:s intra-ar-
ticular injections in combination with HTO and arthroscopic
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abrasion arthroplasty resulted in observed pain, functional and
structural improvements over a 24-month period of follow-up.
The procedure was well tolerated with no serious adverse events
recorded. The results suggest that this approach may be a suitable
option for the treatment of advanced unicompartmental medial
knee osteoarthritis in patients, where due to age or other factors,
the patient is not suitable for a total knee replacement.

Learning points

» Osteoarthritis is a leading cause of pain and disability across
the world.

» There is an observed increase in the number of patients
undergoing total knee replacement under the age of 65.

» The novel use of high tibial osteotomy, in combination with
arthroscopic abrasion arthroplasty and adipose-derived
mesenchymal stem cell therapy, may considerably delay the
need for total knee replacement.
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