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fibrinogen were mixed in a second syringe. The two mixtures were then injected and combined into
the prepared defect. Clinical outcome and quality of life scores (MOXFQ and EQ-5D) were collected
at baseline and yearly thereafter. Multilevel models were used to analyse the pattern of scores over
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cartilage, limited to bone, and affecting both [2],In the ankle (specifically, the talus and

plafond of the distal tibia), both traumatic and non-traumatic etiologies have been de-

i

scribed. The most reported cause of OCDs of the ankle is trauma, gpecifically, recurrent
ankle sprains. Berndt and Harty proposed that lateral injuries occur with inversion and -

dorsiflexion of the ankle, while posteromedial injuries are the consequence of ankle plan-
tar flexion and inversion injury [3], a notion which was supported in subsequent studies

i

[4]. Osteochondral lesions of the ankle are increasingly being recognized as a clinical prob-
lem, as the likely consequence is osteoarthritis of the ankle if left untreated, with subse-
quent significant loss of function for the patient. The prevalence of osteochondral lesions
of the talus is 0.002 per 1000 persons and they occur in 6.5 out of 100 ankle sprains, alt-
hough reports of their prevalence in ankle injuries have been as high as 50% of acute ankle
sprains and fractures [1]. Jn a recent meta-analysis of 181 studies, the incidence of ankle

%12

sprain injuries was 13.6 per 1,000 exposures in females and 6.94 per 1,000 exposures in "

males [5]. These injuries are therefore more common than had previously been recog-

nized,

The results with non-surgical treatments have been suboptimal [6, 7]. Surgical treat-
ment can be broadly characterized into traditional debridement and excision of loose bod-

ies or damaged cartilage, bone marrow stimulation techniques, cell-based repair tech-
niques and use of biological agents. Surgical options include excision, excision and deb-
ridement of damaged cartilage, microfracture (MF), autologous or allograft osteochondral
implantation (OAT) and autologous chondrocyte implantation (ACI). More recent tech-
niques include the use of particulate juvenile articular cartilage (PJA), platelet-yich plasma
(PRP), bone marrow concentrate (BMC) and mesenchymal stem cells [8]. Particulate juve-
nile articular cartilage therapy (PJA) involves the harvesting of small-particle or minced

articular cartilage from juvenile allograft donors. This allograft has been demonstrated to

have a higher proportion of pluripotent chondrocytes with the ability to form new carti-
lage similar to hyaline cartilage, as compared to adult cartilage grafts [2], however, com-
parison of this technique with traditional microfracture did not demonstrate any signifi-
cant benefit [20]. MF is currently considered the “Gold Standard” for primary treatment

of lesions <1.5 cm? due to its relatively low cost, ease of use and good short to medium

term outcomes in up to 85% of cases [9, 10]. Some studies have shown good to excellent
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short to medium term results in over 70% of cases in the talus [2, 6, 11]. However, other )

studies report poor outcomes, with low quality fibrocartilage reparative tissue (containing
mainly type 1 collagen rather than the type II collagen typical of hyaline cartilage) and
deteriorating outcomes at longer term follow-up, going up to six years [12, 13]. Even at

fwo year follow-up, poor radiological and deteriorating functional results have been seen

[14]. In addition, second look arthroscopy confirms incomplete healing in 36% of lesions,
with inferior quality of the repair tissue at an average of 3.6 years [15]. Failed primary
treatment with MF can be treated by using osteochondral autograft transfer (OAT). This
involves taking osteochondral plugs from the knee or talus and transplanting these into
the OCD through a medial or lateral malleolar osteotomy. A single or multiple plug (mo-
saicplasty) can be used with good short to medium term results [16, 17]. However, con-
cerns exist regarding donor site morbidity and graft integration with surrounding bone
and cartilage as well as the need for an osteotomy [18].

Autologous chondrocyte implantation (ACI) is a two-stage procedure where hyaline
cartilage is harvested from the anterior aspect of the talus or a lesser-weight bearing sur-
face in the knee such as the intercondylar notch or trochlea, from which chondrocytes
(cartilage cells) are isolated and cultured in an accredited good manufacturing process
(GMP) facility. The cells are then delivered in a second procedure into the OCD and cov-
ered with either a periosteal patch or a collagen membrane [19]. The chondrocytes can
also be first integrated onto a collagen membrane (matrix-induced ACI (MACI), and then
placed directly into the defect. Whilst good results are reported [18, 19, 20, 21], the treat-
ment is expensive and NICE have not approved either of these cell therapy approaches
for use in the ankle in the UK. Three systematic reviews [6, 11 ,21] and one Cochrane
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review [23] have failed to show superiority of any of these treatments for OCDs of the
ankle and advise that better quality data is required.

Mesenchymal stromal or stem cells (MSCs) have been studied for over 50 years [24],
particularly those isolated from bone marrow, and there has been a growing interest in
the use of MSCs for the repair of cartilage defects, as freshly isolated bone marrow aspirate
(BMA), more concentrated mononuclear cells (MNC), and also culture-expanded MSCs
in a GMP facility [8]. Bone marrow concentrate MSC (BMC), together with hyaluronan
(also known as hyaluronic acid, HA) and fibrin gel, has been used successfully in the knee
[25]. Studies have demonstrated that hyaluronan maintains viability of cultured chondro-
cytes, thereby facilitating them to generate cartilage [26, 27], leading to the production of
tissue that resembles hyaline cartilage [28]. The use of fibrinogen has been shown to po-
tentiate the generation of cartilage by chondrocytes in vitro; it is also viscous enough for
easy use as an injectable carrier at the defect site [29] and has hgmostatic properties. Shetty

(2014) reported on 30 patients with osteochondral lesions in the knee with ICRS grade
III/IV who were treated with a combination of BMC, HA and fibrin [25]. The results
showed a significant clinical improvement, with morphological changes on the MRI
showing good cartilage defect repair. BMC alone has also been used in the ankle for OCD.
Murphy et al (2019) reported their outcomes comparing BMC to MF in 49 and 52 patients
respectively and found the technique to be safe and effective with a lower revision rate
compared to MF [30].

The purpose of this study was to review a single;center, experience of using BMC in

combination with hyaluronan and fibrin for the treatment of primary and non-primary
OCDs of the ankle. The definition of OCDs in this study mirrors that used by our col-
leagues to describe OCDs jn the knee, i.e. ICRS grade III/IV [25]. We present our experi-

206

ence of a single-stage technique that can be considered a hybrid of cell-based repair and
biologic agent technique,,

i .zoé
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2. Materials and Methods

This publication adhered to the Strengthening the Reporting of Observational Stud-«

ies in Epidemiology (STROBE) reporting guideline for cohort studies [31], and the Mini-

mum Information for Studies Evaluating Biologics in Orthopedics (MIBO) reporting ™

guideline for Mesenchymal stem cells [32].

2.1 Patient Selection

This was a single-center, retrospective review of data collected prospectively between

March 2015 and March 2020 from all our patients with osteochondral defects of the ankle
undergoing treatment with BMC combined with hyaluronan and fibrin (Table 1). Our in-
clusion criteria were: (1) skeletally mature (aged 15 years and above), (2) osteochondral
defects of the ankle (talus or tibial plafond) as confirmed via imaging or arthroscopically,
(3) symptoms persisting for longer than six, months, and (4) failed primary conservative

care or primary surgical treatment. Exclusion criteria were: (1) established osteoarthritis
(Kellgren-Lawrence Grade 4), (2) inflammatory arthritis, (3) gross malalignment of the
ankle, and (4) “kissing lesions” i.e. concurrent lesions of both the talus and the tibial pla-
fond,

2.2 Bone Marrow Aspirate Concentrate (BMC)

The technique used for preparing the BMC to be injected into the osteochondral de-

fect has been described previously [24]. This involves harvesting 35 ml of bone marrow
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area was marked, cleaned with chlorhexidine or betadine preparation and draped) which

was mixed with ACDA (an anticoagulant of sodium citrate dehydrate, glucose, and citric
acid; Fresenius KABI, Bad Homburg, Germany). A bone marrow aspirate concentrate ;

/1 [Formatted
2

(BMC) was produced via centrifugation of the aspirate in the operating theatre, containing
mononuclear cells . This was not evaluated microscopically. 0.8 ml of BMC was then com-
bined with 0.2 ml thrombin (Tisseel®, Baxter, Thetford, UK) and calcium chloride, and
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loaded into one barrel of a dual Y-shaped syringe. A mixture of 0.2 ml HA (10mg/ml of
high molecular weight HA, High HyalPLus manufactured by Humedix, Republic of Ko-

rea) and 0.8 ml fibrinogen and aprotinin (Tisseel®, Baxter, Thetford, UK, was loaded into |
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the other barrel of the Y-shaped syringe, according to the manufacturer’s instructions (Re- | 250

gen Global UK, CCR Kit®). The combined volume of the twq barrels of the dual syringe | 25 [ Deleted: a ]
was 2 ml. The contents of the dual syringe were deployed to the prepared osteochondral _f 25 ( . . . ﬁ
defect, which had been debrided back to cartilage with a macroscopically healthy appear- : 253 Deleted: lesions ...rlesions (.. T3]

ance; this was done either arthroscopically or in an open procedure. Of the final 2 ml vol- :

ume created using this technique, the volume deployed to treat each OCD was as much
as was needed to fill the defect. This varied according to the size of each individual OCD

2.3 Surgical Technique
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For the arthroscopy or open procedure to be performed, the patient was positioned
supine with the affected Jeg on a knee bolster and underwent either a general or spinal

anesthetic. An ankle stirrup was used to apply traction, and a high thigh tourniquet was

applied and inflated prior to arthroscopy. The defect was debrided arthroscopically in
most cases; deep or posterior lesions jn the ankle joint required an open or malleolar os-

teotomy for access. Cysts were debrided and bone grafted using local autologous bone
from the tibial metaphyseal area. Once the lesion was dried, the gel complex was then
applied to the defect. MF was performed where the subchondral bone was intact. The
ankle was then taken off traction, (or, in the case of osteotomy, this was reduced back),
and then taken through its range of movement with simulated weight bearing. The lesion
was then re-inspected to ensure that the gel complex was stable and had not displaced.
Wounds were closed with 3/0 nylon,,

2.4 Post-Operative Protocol

Post-pperatively, patients were fold not to bear any weight on the affected leg for twa, |/

weeks and were given crutches. They were then commenced on a structured physiother- |

apy regime, starting with introducing partial weight bearing back to the leg and then pro-

gressing on to return to full weight bearing over the subsequent twq weeks. Those patients

who underwent osteotomy were kept in a plaster-of-Paris cast or an Aircast boot for six, / 279

weeks, with range of movement exercises commencing at week 2 post-operatively if the -
osteotomy remained stable. The progression from partial to full weight bearing was com-

menced at six weeks, while preventing high-jmpact loading for six months.

2.5 Outcome Measures

Manchester-Oxford Foot and Ankle Questionnaire (MOXFQ, [33]) and EQ-5D-5L
scores were taken pre-operatively, and at 3, 6, 12, 24 and 36 months. The MOXFQ is a
functional foot and ankle score consisting of three sub-scales (pain, walking/standing and
social interaction) and a summary (or MOXFQ-Index) score; each have a range of 0 to 100
(00, being the worst). The EQ-5D-5L is a standardized way of measuring health status

developed by the EuroQol Group in order to provide a simple, generic health measure-

ment for clinical and economic appraisal [34]. Based on the UK value set, the EQ-5D-! 5L
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ranges from -0.594 to 1, with 1 representing perfect health, 0 representing death, and val-
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ues below 0 representing health states worse than death.
Post-operative MRI scanning was not routinely carried out for all patients in the co-
hort. However, in our cohort, 40 patients underwent MRI scanning post-operatively. We
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subsequently used data from the scans to calculate Magnetic Resonance Observation of
Cartilage Repair Tissue (MOCART) scores within 6 months of performing the scans; the
MOCART is a scoring system which has been validated for examining the morphological
features of cartilage defects [35],
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3.1. Demographics

All continuous baseline variables except the time from injury, symptom onset and

490 | grammar

489 [Formatted: English (UK), Check spelling and}

)

A A A /A /A N/, N A

EQ-5D were distributed normally. Ninety-four patients had BMC treatment as either the 49t . .
primary treatment (62 ankles) or following a previous failed treatment (34 ankles) for os- 492 (Formatted. English (UK)
teochondral defects of the talus and tibial plafond between March 2015 and March 2020. 493
The mean age was 37.3 years (range 15-72). The ratio of left side to right was 1:1.64. Two 494
patients underwent bilateral surgery. Mean BMI was 29.3 (S.D. 5.6). While 70 patients had 495
an identified mechanism of injury, 24 patients were unable to recall a specific injury or 49
index event causing their symptoms. Defect size ranged between 0.4 and 4.0 cm?, with a 497 (Formatted: English (UK)
mean area of 1.5 cm?, comparable to other studies examining the BMC technique [13, 25]. 498 -
Baseline characteristics are summarized in Table 1, 499 (Formatted: English (UK)
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Table 1, Baseline demographic and clinical characteristics, 500,
Deleted:
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Parameter Level (%) . [ Deleted: .
Number of patients (ankles) 94 (96) 5N "[Formatted: English (UK)
Age (mean (SD)) 37.3 (14.4) % [ Deleted:
Sex(%) M 51 (54) :
F 43 (45) . (Deleted: M
BMI (mean (SD)) 29.3 (5.6) [Deleted:
Bone affected (%) Talus 83 (88)
Both Talus and Tibia 8(8)
Tibia 3(3)
Location (%) Medial Talus 65 (76)
Lateral Talus 16 (19)
Both Medial and Lateral Ta-
lus 34
Central Talus 1(1)
Known history of jnjury (%) Yes 70 (74) [Deleted: H
No 24 (26)

Months from symptoms onset (median

[range])

66.5 [19, 372]

Injury mechanism (%) Fall 37 (54)
Sport 29 (41)

Horse 2(3)

Road/Traffic Accident 2(3)

Months from injury (median [range]) 60 [8, 480]

Previous surgery (%) Yes 62 (65)
No 34 (35)
Bone oedemas (%) Yes 75 (79)
No 20 (21)
OA (%) No 75 (79)
Yes 20 (21)
Cysts (%) Yes 63 (66)

No 33 (34)
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Osteotomy (%)

Area (cm2 mean (SD) [range]) 1.5(0.7)[0.4 to 4] K K . K
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Figure 1). The difference between baseline and 12-month MOXFQ scores across all do-
mains was statistically significant (p < 0.001). However, no evidence was found for a dif-
ference between MOXFQ outcome measures at 36 months compared to those at 12

ey
months,
Table 4. Mean outcomes following BMC for OCD,
Outcome Baseline 12 months p-valu? 36 months p-value
(vs baseline) (vs 12 m)
MOXFQ

Summary 66.5 (63410 69.7) 40.8 (353t0462)  <0.001  39.5(30.7to484)  0.79
Walking  71.7 (67.9 to 75.5) 43.8 (37.6t050.0)  <0.001  40.6 (32.0t049.2)  0.41
Pain 673 (643t070.3) 45.6 (41.0t050.2)  <0.001  42.7(353t050.1)  0.31
Social 565 (52.1t060.8) 31.4 (25.6t037.2)  <0.001  28.4 (20.6t0362) 0.37
EQ5D  0.53 (048 t0 0.57) 0.70 (0.65t00.75)  <0.001  0.61 (0.52t00.70)  0.06
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phase 2 (mean slope -0.043 per year, 95%CI -0.095 to 0.009, p=0.10, Figure 2). The 12-month *:

EQ-5D score was significantly improved compared to baseline, but no statistical evidence
was found for a further change until 36 months (Table 4).
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classification of previous surgery, we found no evidence that splitting the category, be-

tween “yes”, “microfracture”, and “other” improved prediction (likelihood ratio test,

p=0.97), and we therefore kept the yes vs no split.

Table 5, Predictors of improvement in MOXFQ summary index,
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[Known hjstory of jnjury: 16.3 (2.8 t0 29.8) 0.017 . [Commented [AS(RJAAHO1]: For R¢ 158
Time from symptom onset (per year) 0.7 (-0.03 to 1.4) 0.057 [Deleted: H
Previous surgery? 11.3 (-1.6 to 24.2) 0.084
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sequentially removing predictors whose inclusion gave the largest increase in corrected Akaike
Information Criterion (AICc) until AICc was minimisgd. Positive coefficient values imply that the

predictor increases the score and therefore worsens functional outcome.
‘a) The reference category was “No”, i.e. no known injury history, no previous surgery or no OA.

b) Parameter had more than two categories, hence we only reported their p-\'aluesjﬂ o

B.4. Post-Operative MRI Scan Fjndings

Post-operatively, 40 patients, all with a minimum of 12 months follow-up, underwent

MRI scanning (median 15 months post-operatively, range 2- 60 months). For 10 patients,
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netic Resonance Observation of Cartilage Repair Tissue (MOCART) scores within six,
months of performing the scans, a scoring system which has been validated for examining
the morphological features of cartilage defects [35]. The mean MOCART score was 62
points (range 30 to 90). For every year of follow-up, we found a mean loss of 6.5 MOCART

points per year (95%CI -0.7 to 13.6, p=0.074). We found no evidence for a correlation be-
tween MOCART and concurrent functional outcome (r=-0.07, 95%CI -0.42 to 0.38, p=0.65,

Figure 3),
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dark-blue lines.

3.5. Complications
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Ten patients underwent arthroscopy post-operatively due to the development of clin-
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ical symptoms such as ongoing pain and reduced range of movement. Four, patients de-
veloped complex regional pain syndrome (CRPS), one patient developed a neuroma and
three developed stiffness and reduced range of movement. One patient underwent sub-
sequent total ankle arthroplasty for persistent pain and multifocal disease, and another
patient underwent ankle fusion due to development of persistent pain and joint degener-
ative changes. We were fortunate not to lose any patients to follow-up, although one pa-

tient was discharged after six months due to_their, geographical relocation,,
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4. Discussion

OCD of the talus remains an important cause of continued post-traumatic ankle pain.
Current treatment strategies such as conservative management (reported to be successful
in up to 55-60% of cases in select population groups [6, 43]), microfracture and autologous

chondrocyte implantation (which regenerate cartilage of different quality to native hya-
line cartilage [12, 44, 45, 46]) are widely employed with reasonable levels of success in
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select patient groups. However, such measures have their limitations; in the case of mi-
crofracture, the length of time that the integrity of the cartilage regenerated remains is
limited, and the quality of the cartilage produced is inferior to native hyaline cartilage.
Although a 96% rate of success has been reported in athletes for microfracture and bone
grafting at 2 to 8 years post-operatively [1] and systematic reviews support the high suc-
cess rate for stimulation techniques [6], no studies demonstrating the long-term quality of

the repair,and retention of integrity exist yet, The longest follow-ups reported in Jiterature

are approximately 5 -10 years [12, 47, 48, 49]. A study of 59 patients” ankles treated with /7
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ACT in our center,showed that 69% of patients were “pleased’ or ‘very pleased’ at a mean i

follow-up point of 5.1 years (2.3-14.6 years), but here the surgery was more complex and

required jwo procedures [50, 51],

The potential for pluripotent bone marrow MSCs to differentiate into osteogenic and
chondrogenic cells, and hence the potential to regenerate cartilage, has long been postu-
lated, since it was reported by Friedenstein and colleagues [23], yet this form of therapy

for the treatment of osteochondral defects has only recently started becoming more prom-

inent and promising [46, 47]. We have demonstrated that BMC leads to a significant im-

provement in patient-reported outcomes in the first 12 months and that the improvement

was sustained over the follow-up period (36 months). The initial rapid benefit is greater if
the cause of injury is atraumatic, if BMC is the primary surgical treatment (with no previ-
ous procedures), if there are no signs of early osteoarthritis and if the patient has had a
short duration of symptoms. We chose a standardized measure of health status question-

naire, the EQ-5D, as well as a joint specific functional outcome, the Manchester-Oxford
Foot and Ankle Questionnaire (MOXFQ). Patients showed, an initial improvement with

748

respect to our selected outcome measures, the effects of which werg sustained over our ;.
g

36-month follow-up_period, For those patients who underwent MRI scanning post-oper-

atively, we correlated MRI findings with their clinical picture_ using the 3D-MOCART

751

score,,

Our study’s strengths jnclude a long follow-up period, which was observed in a large -

cohort of patients undergoing BMC for primary and non-primary OCD of the ankle (36
months), low ye-operation rate and zerg, follow-up loss, Our reported re-operation rate

(10.1%) is lower than that of our colleagues who have previously examined BMC in the
ankle and reported a 12.2% re-operation rate compared to 28.8% for microfracture [26].
Other studies have also reported higher complication rates in traditional microfracture
alone as compared to microfracture with adjuvant BMC use [48, 49],

The data presented here is from a series of patients treated in a single specialist cen-
ter, for foot and ankle surgery and, as such, has limitations associated with a single-cen-

ter, cohort study. In addition, this was an observational study carried out retrospectively,

with no specified minimum follow-up time, which was further limited by not having a
comparison group, such as HA or BMC alone; hence it is not possible to be sure if the
major contributor to the clinical improvement following treatment is due to the BMC or
HA per se. Our choice to include all patients treated up to 31 March 2020 has the obvi-
ous disadvantage that not all patients reached the 36;month follow-up point. However,
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undergoing BMC treatment yields superior improvement }o, radiological appearance as 859 [ Deleted: on
compared to microfracture alone [48, 49]. 86

We did not examine the histology of the patients we treated post-operatively, nor did
we routinely assess integration of the BMC treatment with native cartilage via arthros-
copy. Routine post-operative MRIs were not carried out in every patient, however, we 863
were able to obtain MRI scans for 40 patients in our cohort. These assessments are not * 864 [Formatted: English (UK)
currently standard practice following BMC treatment and such measures are only em- 865 [
ployed if clinically indicated (for example to investigate a source of post-pperative pain). 866
Of the patients with pre-existing osteoarthritis (Table 3), we cannot report on any wors- ", 867 [Formatted: English (UK)
ening in the severity of this, as post-operative imaging was not routinely performed. We \ 868
also did not formally analyzge the MSC content of the final mixture that was used on the \&6 [ Deleted: ,
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based on previous studies, further studies are required to ascertain the number of cells 872
obtained in the final volume via the BMC preparation technique that we have utilized 873 [
here, 874
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BMC with hyaluronan and fibrin is a safe treatment in patients undergoing primary 876,
treatment for OCDs of the ankle, and importantly also for those whose primary treatment 877 | D .
. ) P — eleted:
has failed, We have demonstrated in our cohort that this single-procedure technique is
well-tolerated py patients and avoids the two surgical procedures required for ACL It can
be used with reasonable effectiveness in patients with osteochondral defects of the ankle
including those who have cysts in the underlying bone. Our results suggest that the sin-
gle-step technique using BMC is a good treatment option for cartilage repair in the ankle,
with associated improved functional outcome scores,,
The clinical outcome at 36 months remains favourable with a low complication rate
and patients were generally satisfied with the procedure. To further assess the effective-
ness of this technique, longer follow-up and ideally a multicenter, randomized, controlled
trial js required. |
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Table 6; Final Checklist of Minimum Reporting Requirements for Clinical Studies Evalu-

ating MSCs That Reached Consensus Through the Delphi Process. This table has been 980

included following guidelines published on the reporting of studies using BMC [317:

Section or Topic

Item No

Checklist Item

Reported on Page No.

Study Design

Recipient Details

Study conducted in accordance with
CONSORT (RCT), STROBE (cohort,
case-control,
or cross-sectional), or PRISMA (meta-

analysis) guidelines

Relevant institutional and ethical ap-
proval
Recipient demographics (including
age and sex)
Comorbidities (including underlying
diabetes, inflammatory conditions,
pre-existing joint pathology, and
smoking status)

15

4,5

4,5

Current anti-inflammatory medica-

tions

4,5

Injury details

Diagnosis (including relevant grading

system and chronicity)

3,4

Previous treatments for current injury

Intervention Details

Surgical intervention described suffi-

ciently to enable replication

3,4

Operative findings

4,5

Donor Age

Tissue Harvest

10

11

Donor Age
Tissue harvest described sufficiently
to enable replication (including
anatomical source, equipment, rea-
gents, storage media, and environ-

ment)

12

Time between tissue harvest and pro-

cessing

Processing

13

Description of tissue processing that
makes replication of the experiment
possible (including digestion solution
concentrations and volumes, dura-
tion,
agitation and temperature of diges-
tion phase, and name of commercial

system)
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Cell culture

14

If performed, purification described
sufficiently to enable replication (in-
cluding
combination and concentration of an-
tibodies, equipment, and method of

confirming purity)

N/A

15

16

Yield with respect to volume of tissue
processed
If performed, cell culture described
sufficiently to enable replication (in-
cluding
conditions and number of freeze-thaw

cycles)

N/A

17

If performed, pre-differentiation de-
scribed sufficiently to enable replica-

tion

N/A

MSC characteristics

Delivery

Outcome

18

MSC preparation and source de-
scribed in title and abstract (e.g., BM-
MsC
and ADSC)

1,3

19

Cellular composition and/or heteroge-

neity

20

Immunophenotype and details of in

vitro differentiation tested on batch

N/A

21

22

Passage and percentage viability
MSC delivery described sufficiently to
enable replication (including point of
delivery, volume of suspension, and

media used as vehicle)

N/A

23

24

25

If performed, details of co-delivered
growth factors, scaffolds, or carriers
Rehabilitation protocol sufficiently
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Outcome assessments include func-
tional outcomes and recording of
complications (including infection
and tumour); if performed, radio-

graphic
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Funding
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