
after treating osteochondral lesions of the talus (OLTs) with a 
particulated juvenile cartilage allograft (PJCA). It was hypothesized that 
treatment of OLTs with PJCA would lead to significant improvement in 
pre to postoperative patient reported outcomes (PROMs). 
METHODS: The study was a multicenter longitudinal prospective 
case series. Lesions were treated with a PJCA. Primary outcomes 
were pain, function, and activity levels. Clinical outcomes for 
24 prospective subjects over 4-years are presented. The overall 
PROMs were analyzed using repeated measures models to account 
for patient visits over time and to control for variability between 
patients. Repeated measures analyses was used to assess effect of 
OLT size, operative technique, and prior ankle operations. PROMs, 
stratified by OLT size, was further analyzed to assess improvement 
by OLT size. 
RESULTS: There was significant pre to postoperative improvement 
in the overall pain, Short-form 12 Health survey physical, Foot 
and Ankle Ability Measure activities of daily living, and Foot and 
Ankle Ability Measure sport (n = 22) scores at 12, 24, 36, and 
48-months (p < 0.05). There were no significant pre to postoperative 
changes in the overall Short-form mental health scores (p > 0.05). 
Lesions less than 150mm² predominantly achieved significant pre to 
postoperative improvement in scores over 48-months. Except for the 
sport scores at select visits, there were no differences in outcomes 
among postoperative visits(p > 0.05). When the variables of OLT 
sizes, operative technique, and prior ankle operation were compared, 
repeated measures did not reveal any differences between these 
variables in effect on PROMs. 
CONCLUSIONS: Four-year outcomes suggest that treatment 
with a PJCA led to improved function and pain levels without 
symptom worsening, and it is an effective operative intervention for 
symptomatic lesions irrespective of lesion size. 
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available product and is used as intended for articular cartilage repair. 
Subjects were prospectively evaluated at 6, 12, 18, 24, 36, 48, and 
60-months postoperatively. The investigators are board certified 
orthopedic surgeons who specialize in foot and ankle operation. 
Experienced research personnel also assisted the study’s procedures 
and subjects’ rehabilitation under the direction of the investigators. 
Given the inherent post-market design of the study, an official 
enrollment number via power analysis was not identified; however, 
it was anticipated that a large number of subjects would participate. 
Yet, due to loss of funding and loss to follow up, the study was 
prematurely closed. Thus, this study reports clinical outcomes for 
24 subjects (24 ankles) that had at least 4-year data. Subjects were 
treated prospectively between May 2011 to February 2013 by 8 
surgeons at 5 study centers. 

Outcomes
Primary outcomes collected were pain, function, and activity levels. 
The PROMs were VAS pain (100 mm) score, Foot and Ankle Ability 
Measure (FAAM) Activity of Daily living (ADL) and FAAM-Sports 
subscales, and Short-Form 12v2 Health Survey (SF-12) physical 
and mental health subscales. The VAS measures pain intensity on 
a 100 mm visual scale (“0” indicates “no pain” and the maximum 
score of “100” indicates “the worst pain imaginable”). The FAAM-
ADL and FAAM-Sports subscales were scored from “0” to “100”. 
The SF-12 utilizes a more complex scoring algorithm, although the 
US population mean score is 50 (SD ± 10) for either subscale[21]. 
The postoperative ankle status was reported via a global satisfaction 
survey as either “improved”, “same”, “worse”, or “intolerable”.
    Lesions were characterized by Hepple Magnetic Resonance 
Imaging (MRI) stage[22] and International Cartilage Repair Society 
(ICRS) grade (Figure 1). The OLTs were sized using the lesions’ 
anterior to posterior and medial to lateral measurements. The OLTs 
were defined as small (less than 50 mm2), medium (50 to 150 mm2), 
large (greater than 150 mm2). The number of concomitant procedures, 
lesion size by operative technique, and adverse events related to the 
PJCA were reported. Treatment failure was defined as greater than 
50 % of PJCA requiring revision and ultimately the subject was 
withdrawn. Reoperation with either minimal chondroplasty (i.e.- 
debridement), partial (less than 50%) PJCA revision, or non-graft 
related intervention were still included in the study (Figure 2). 

Operative Technique
The procedure was performed open or arthroscopically. Traction was 
applied to the ankle if needed. A tibial plafondplasty was performed 
when necessary to visualize more posteriorly located lesions. Next, 
the lesion was curetted to create stable and vertical borders (Figure 
3). All arthroscopic inflow was halted, and the lesion was dried via 
a suction device. Bone grafting of a cystic defect was performed at 
the discretion of the surgeon for lesions greater than 5mm deep. The 
DeNovo NT graft was loaded into a delivery cannula system, and 
fibrin was applied to the lesion’s base. After one to two minutes, the 
PJCA was placed via cannula (Figure 4) or manually if with an open 
incision. The graft was distributed to cover the defect (Figure 5). 
    A minimum of 50% fill-volume was considered sufficient for 
repair as determined by the distributor. After several minutes, the 
lesion was covered with additional fibrin (attention to avoid a proud 
PJCA / fibrin construct). Once fully set, the ankle was gently ranged 
to contour the graft’s surface. After final inspection and skin closure, 
a splint was applied to the operative limb.
    The postoperative protocol was standardized. During the initial 
6-weeks postoperatively, the patients were nonweightbearing. After 
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INTRODUCTION
There are many operative options for symptomatic OLTs. These 
include debridement, bone marrow stimulation (BMS), and 
osteochondral autograft/allograft transplantation (OAT), as well as 
restorative measures such as autologous chondrocyte implantation 
(ACI), autologous matrix-induced chondrogenesis, and matrix-
induced autologous chondrocyte transplantation. Although BMS is 
considered a cost-effective first-line intervention, clinical success 
is limited with larger lesions[1,2,3], and it results in formation of 
fibrocartilage which is less resilient than hyaline[4,5]. Reportedly, 
lesions greater than 150mm2 often require alternative therapies[3]. An 
OAT is indicated for lesions greater than 15mm in diameter, and an 
osteochondral graft is usually harvested from the patient’s knee or 
from a fresh talus allograft[5,6]. Although this provides the advantage 
of direct replacement with native cartilage from an asymptomatic 
site, it is highly technical, and accessing a normal joint is associated 
with donor site morbidity[5]. ACI has shown promising outcomes 
hyaline formation[4], however it is a costly staged procedure with 
limited comparison studies[6]. Thus, there is a need for minimally 
invasive techniques with favorable repair response[7].
    Particulated juvenile cartilage allograft or PJCA (DeNovo® 
NT Natural Tissue; Zimmer Biomet, Warsaw, IN) is a restorative 
technique for OLTs. Viable cartilaginous pieces are obtained from 
juvenile donors as immature chondrocytes have greater regenerative 
capabilities than adult cells[8]. It is a single-staged procedure indicated 
for primary or revision symptomatic OLTs[9]. Kruse et al. published 
the first case detailing the arthroscopic delivery of PJCA for OLT, and 
noted the patient’s pain and activity limitations completely resolved 
after 6-months[10]. More studies[7,11-20] have since been published, 
although middle to long-term prospective clinical outcomes are 
limited. The purpose of this study was to report mid-term clinical 
outcomes after treating OLTs with a PJCA. It was hypothesized that 
treatment of OLTs with PJCA would lead to significant improvement 
in pre to postoperative patient reported outcomes (PROMs).

METHODS AND MATERIALS
Design and Subjects
This was a longitudinal prospective multicenter, single-arm, cohort 
study. Institutional review board approval and informed consent were 
obtained. The study’s inclusion criteria for prospective patients were 
(1) articular cartilage lesions(s) of the ankle for which arthroscopy 
or operation with PJCA was warranted, (2) voluntary consent, (3) 
stable health and operative candidate, (4) over the age of 18 years, 
and (5) willing and able to comply with postoperative rehabilitation 
and routine scheduled visits. The exclusion criteria were (1) high 
operative risk, (2) pregnant or breast feeding, (3) clinical diagnosed 
autoimmune disease, (4) active joint infection or history of chronic 
joint infection at operative site, (5) medical history that would make 
the subject unreliable for study, and (6) any combination of variables 
in the investigators’ judgment that should exclude a potential subject. 
    The PJCA (DeNovo® NT; Zimmer Biomet, Warsaw, IN) is listed 
with the US Food and Drug Administration as a commercially 
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Figure 1 A: preoperative coronal T2 MRI, demonstrating increased 
talar edema and a large lateral osteochondral defect. B: preoperative 
sagittal T2 MRI, demonstrating increased talar edema and a large 
lateral osteochondral defect. C: Two-year postoperative coronal T2 MRI, 
demonstrating intact particulate juvenile cartilage allograft with resolution 
of talar edema. D: Two-year postoperative sagittal T2 MRI, demonstrating 
intact particulate juvenile cartilage allograft with resolution of talar edema.

A B

C D

Figure 2 Arthroscopic view of intact particulate juvenile cartilage 
allograft(white arrow) during a second-look arthroscopy performed at 
18-months postoperatively (The patient returned to the operating room for 
anterior debridement due to soft tissue impingement).   

Figure 3 Arthroscopic view, curettage of osteochondral defect(black 
arrow) to create a stable and vertical border.

Figure 4 Arthroscopic view, delivery of particulated juvenile cartilage 
allograft(white arrow) via cannula system.

Figure 5 Arthroscopic view, particulated juvenile cartilage allograft(white 
arrow) placed onto the defect.

2-weeks, patients were encouraged to perform gentle range of motion 
exercises. At 6-weeks postoperatively, weightbearing activities were 
progressed as tolerated in a CAM boot. The boot was weaned by 6 to 
12 weeks. Higher impact activities were allowed after 6-months.

Statistical Analysis 
The SAS Software 9.4 (SAS Institute, Inc, Cary, NC) and Proc 
Mixed procedure used to perform repeated measures analyses on 
the overall PROMs to evaluate pre-to postoperative and between 

visit differences in means. The Anderson-Darling and Kolmogorov-
Smirnov normality tests revealed normally distributed data. PROMs 
were further stratified by size and analyzed with repeated measures. 
The overall PROMs and PROMs by size were risk adjusted for age 
and concomitant procedures. The Fisher’s exact test was applied to 
evaluate differences between lesion size and operative technique.
    P values <0.05 were considered statistically significant and are 
unadjusted for multiplicity. Categorical variables are presented as 
counts and / or percentages, and continuous data as means, standard 



deviations (SD), and range. The overall PROMs’ estimated mean at 
preoperative and postoperative visits are reported with P values using 
repeated measures analyses. Repeated measures analyses were used 
to also assess effect of OLT size, operative technique, and prior ankle 
operations differences on PROMs scores at different patient visits.

RESULTS
A total of 205 subjects were treated. Of those, 167 attended the 
preoperative visit, 193 attended postoperative visits, and 157 attended 
both. The number of patients with evaluable preoperative scores 
at the respective visit are: 123 at the preoperative visit, 100 at the 
6-month visit, 76 at 12-months, 62 at 18-months, 62 at 2-years, 39 at 
3-years, and 24 at 4-years. The number of subjects lost to follow up 
and reasons are: 101 to site closure, 46 to no status provided, 27 to 
lost to follow up, 15 to treatment failure, six to withdrawal, three to 
unable to return, five to “not otherwise specified”, one to withdrawal 
by investigator, and one to death. Thus, this study focused on the 
results of the 24 subjects with at least 4-year evaluable data. 
    The patient demographics are listed in table 1. There were 24 
subjects with 25 treated study lesions: 24 OLTs and one tibial lesion. 
One subject had two lesions, a tibial and an OLT (tibial lesion was 
excluded from analysis due to its small size). All (25/25) lesions were 
unilateral. Four subjects did not engage in preoperative exercise. 
Preoperatively, subjects were asked to report their ability to carry out 
daily activities in the past year; 17 out of 24 subjects were unable 
to carry out such activities with the average number of days being 
108.94 ± 98.45 (range, 5 to 365). 
    The OLT’s characteristics, number of concomitant procedures, and 
adverse events are listed on Table 2. Fifty-four percent (13/24) of 
the cases had prior ankle operation (i.e.- debridement, microfracture, 
subchondroplasty, and/or a combination of the procedures). One of 
24 (4.2%) subjects received graft-related reoperation with minimal 
PJAC debridement within 6.8 months postoperatively for OLT of 
176.0 mm2; this was not considered treatment failure by the present 
study’s definition. Ninety-two percent (22/24) of the patients had at 
least one concomitant procedure; synovectomy was performed most 
frequently at 75% (18/24), followed by soft tissue impingement 
resection at 16.7% (4/24), microfracture in 16.7% (4/24), osteophyte 
removal in 12.5% (3/24), and bone marrow aspiration in 8.3% (2/24). 
A number of other concomitant procedures occurred in just one 
patient.
    The overall pre-to postoperative changes were significant, except 
for the SF-12 mental scores (Table 3). The FAAM-sport score 
significantly decreased between the 24 and 36-month visits, and later 
significantly increased between the 36 and 48-month visit; this led to 
similar scores at 24 and 48-months. At 48 months postoperatively, all 
(24/24) subjects reported “improved” on perceived ankle status on 
the global satisfaction survey. 
    Repeated measures analyses did not reveal any significant 
differences in PROMs by OLT size (p > 0.05). Even though OLT size 
was not statistically significant in predicting outcomes, due to clinical 
interest and little research on OLT size, the results were stratified 
by size to explore size effect on outcomes. The PROMs by size are 
shown in Table 4. Except for data collected for FAAM Sport PROM, 
there were three small, 15 medium, and five large OLTs. Compared 
to preoperative scores, only small and medium sized OLTs achieved 
significant pain reduction and improvement in SF-12 physical scores 
at all visits. Large OLTs achieved a significant pre-to postoperative 
improvement in SF-12 physical score only at the 24-month visit. 
Only medium OLTs had a significant pre-to postoperative increase 
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Table 1 Patient demographics (n = 24).

Variable Value

Gender

F: M 16: 08

Age (Avg age years) 41.2 (range,19 to 63)

Smoker

Current 1

Former 6

No 17

BMI (Avg Kg/m2) 28.5 ± 6.02 (range, 19.4 to 39.2)

Laterality

Left: Right 9: 15

OLT Size (Avg area, n=23) 108.1 ± 60.0 mm2 (range, 18.0 to 264.0)

Abbreviations: OLT, osteochondral lesions of the talus.

Table 2 OLT’s characteristics, adverse events, and number of concomitant 
procedures (n=24).
Variable Value

Prior ankle operation(n=24) 13

Operative technique(n=23)

Open 15

Arthroscopy 3

Extended portal 5

Graft related Adverse events (n=17)

Ankle pain 9

Ankle swelling 2

Ankle stiffness 3

Other † 3

Number of concomitant procedures(n=24)

None 2

One 9

Two 8

Three 2

Four 1

Five 2

Hepple MRI Stage*

1 4.2% (1/24)

2A 12.5%(3/24)

2B 4.2%  (1/24)

3 25%   (6/24)

4 25%    (6/24)

5 29.2% (7/24)

ICRS Grade*

NA 4.2%  (1/24)

2 4.2%  (1/24)

3 25%   (6/24)

4 66.7% (16/24)
Abbreviations: OLT, osteochondral lesions of the talus. NA, not available. 
ICRS, International Cartilage Repair Society grade. * One subject had 
more than one treated study lesion, one on tibia and an OLT. The tibial 
lesion was classified as a Hepple Stage 2A and ICRS grade 4. † one had 
displacement of an osteochondral lesions fragment, one had joint clicking, 
& one sustained an ankle sprain

in SF-12 mental scores at 12 and 48-months. Small and medium 
OLTs achieved significant increase in FAAM-ADL scores at all visits 
compared to preoperative. Large OLTs achieved significant pre-
to postoperative improvement of ADL at 12 and 24-month visits. 
Small OLTs had missing sport scores at 24 and 36-months, thus mean 
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Table 3 The adjusted patient reported outcome estimated means ± SE (95% confidence intervals) over 48 months.

Postop

PROM n Preop 12 months 24 months 36 months 48 months

VAS pain 
(100mm) 24

42.7 ± 7.0 11.0 ± 6.9 10.7 ± 6.6 18.9 ± 8.4 7.5 ± 6.3

(28.4 to 57.1) (-3.2 to 25.1) p < 0.0001 a (-2.8 to 24.2) p < 0.0001 a (1.7 to 36.1) p < 0.0001 a (-5.6 to 20.5) p < 0.0001 a

SF-12 
physical 24

38.6 ± 2.2 51.0 ±2.3 52.6± 2.4 50.8 ± 2.3 50.7 ± 2.3

(34.0 to 43.1) (46.3 to 55.6) p < 0.0001 a (47.6 to 57.5) p < 0.0001 a (46.1 to 55.5) p < 0.0001 a (46.0 to 55.4) p < 0.0001 a

SF-mental 24
53.8 ± 3.2 56.5 ± 2.4 54.5 ± 2.6 57.4 ± 2.5 57.0 ± 2.5

(47.3 to 60.2) (51.6 to 61.4) (49.2 to 59.8) (52.1 to 62.6) (52.0 to 61.1)

FAAM 
ADL 24

64.1 ± 4.6 91.2 ± 4.6 94.1 ± 4.0 91.7± 4.3 94.2± 4.1

(54.6 to 73.5) (81.8 to 100.5), p < 0.0001 a (85.7 to 102.4), p < 0.0001 a (82.8 to 100.6), p < 0.0001 a (85.7 to 102.6), p < 0.0001 a

FAAM 
sport 22

28.5 ± 6.2 63.6 ± 8.1 72.5 ± 7.0 63.9 ± 8.1 75.5 ± 7.0

(15.7 to 41.3) (47.0 to 80.3), p < 0.0001 a (58.1 to 86.9), p < 0.0001 a (47.3 to 80.5), p < 0.0001 a, p < 0.04 c (61.2 to 89.8), p < 0.0001 a, p < 0.02 d

Abbreviations: VAS, visual analog scale; SF-12, Short-Form 12 Health Survey; FAAM ADL, Foot and Ankle Ability Measure; ADL, activity of daily living 
score. a  compared to preop; c compared to postop 24 months; d compared to postop 36 months.

Table 4 The adjusted patient reported outcome estimated mean ± SE (95% Confidence interval) by lesion size over 48 months. T-test p values are reported. 
ANOVA did not reveal statistical significant differences in outcomes when compared by size.

OLT Size VAS
SF-12 SF-12 FAAM FAAM

Physical Mental ADL Sport*

Preop
41.6 ± 16.4 28.0 ± 4.2 63.2 ± 4.7 58.2 ± 9.9 43.9 ± 16.5

(1.5 to 81.7.0) (18.0 to 37.9) (51.9 to 74.4) (34.9 to 81.6) (-8.7 to 96.5)

12 mo
5.3 ± 4.7 53.6 ± 4.2 55.9 ± 4.7 93.9 ± 9.9 66.4 ± 20.2

(-6.3 to 16.9) p = 0.038 a (43.6 to 63.6) p < 0.004 a (44.7 to 67.1) (70.6 to 117.3) p < 0.04 a (2.0 to 130.7)

Small 
(n=3)

24 mo
2.1 ± 1.1 56.8 ±5.3 59.5 ± 5.9 100.0 ±12.3 --†

(-0.6 to 4.8) p = 0.048 a (44.4 to 69.2) p < 0.004 a (45.5 to 73.4) (71.2 to 129.3) p < 0.03 a

36 mo
3.2 ± 1.5 53.9 ± 5.3 53.6 ± 5.9 99.0 ± 12.3 --†

(-0.6 to 6.9) p = 0.054 a (41.5 to 66.3) p < 0.01 a (39.6 to 67.5) (70.0 to 128.1) p < 0.04 a

48 mo
2.0 ± 0.9 56.2 ± 4.2 49.6±4.7 94.7 ± 9.9 79.6± 20.2

(-0.1 to 4.0) p = 0.050 a (46.2 to 66.2) p < 0.002 a (38.4 to 60.8) (71.4 to 118.1) p < 0.03 a (15.2 to 143.9)

Preop
47.2 ± 5.4 39.8 ± 1.7 50.4 ± 1.9 61.9 ± 2.5 25.9± 4.5

(36.4 to 57.9) (36.4 to 43.2) (46.5 to 54.2) (56.8 to 67.0) (16.9 to 34.9)

12 mo
15.8 ± 5.6 49.8 ± 1.8 57.0± 2.0 89.8± 2.6 63.5 ± 5.3

(4.6 to 26.9) p < 0.0001 a (46.3 to 53.3) p < 0.0001 a (53.0 to 61.0) p < 0.02 a (84.6 to 95.0) p < 0.0001 a (52.9 to 74.0) p < 0.0001 a

Medium 
(n=15)

24 mo
16.9  ± 5.8 51.3 ± 1.8 54.1± 2.1 91.7 ± 2.7 77.3 ± 5.0

(5.4 to 28.5) p < 0.0003 a (47.6 to 55.0) p < 0.0001 a (50.0 to 58.3) (86.2 to 97.1) p < 0.0001 a (67.2 to 87.4) p < 0.0001 a

36 mo
21.8 ± 6.6 51.5 ± 2.1 56.1± 2.4 92.2 ± 3.3 78.1± 5.8

(8.6 to 35.0) p < 0.0004 a (47.3 to 55.7) p < 0.0001 a (51.4 to 60.8) (85.7 to 98.7) p < 0.0001 a (66.5 to 89.7) p < 0.0001 a

48 mo
7.9 ± 5.4 51.0 ± 1.7 56.3 ± 1.9 95.2 ±2.5 83.5 ± 4.7

(-2.9 to 18.7) p < 0.0001 a (47.6 to 54.3) P < 0.0001 a (52.4 to 60.1) p < 0.03 a (90.2 to 100.3) p < 0.0001 a (74.2 to 92.9) p < 0.0001 a p < 0.01 b

Preop
45.1 ± 10.6 40.4 ± 3.5 50.9 ± 3.9 59.1 ± 7.2 24.8 ± 11.2

(22.7 to 67.6) (32.9 to 47.9) (42.5 to 59.3) (43.8 to 74.5) (1.0 to 48.6)

12 mo
28.3 ± 11.9 51.1 ± 3.9 50.9 ± 4.1 83.5 ± 8.1 68.1 ± 12.5

(3.2 to 53.4) (42.7 to 59.4) (41.6 to 60.3) (66.4 to 100.7) p < 0.04 a (41.4 to 94.8) p < 0.02 a

Large 
(n=5)

24 mo
13.5 ± 11.8 52.4 ± 3.9 49.9 ± 4.4 85.5 ± 8.1 54.8 ± 12.5

(-11.6 to 38.6) (44.1 to 60.8) p < 0.04 a (40.6 to 59.2) (68.3 to 102. 6) p < 0.03 a (28.1 to 81.4)

36 mo
23.9 ± 11.8 50.3 ± 3.9 57.5 ± 4.4 80.2 ± 8.1 39.7 ± 14.4

(-1.2 to 49.0) (41.9 to 58.6) (48.2 to 66.8) (63.0 to 97.3) (8.9 to 70.5)

48 mo
17.9 ± 10.6 47.8 ± 3.5 56.6 ± 3.9 80.1 ± 7.2 58.2 ± 11.2

(-4.5 to 40.4) (40.4 to 55.3) (48.2 to 64.9) (64.8 to 95.4) (34.3 to 82.0)
Abbreviations: VAS, visual analog scale; SF-12, Short-Form 12 Health Survey; FAAM ADL, Foot and Ankle Ability Measure; ADL, activity of daily living 
score. Small (<50 mm2), medium (<50 to 150 mm2), and large (>150 mm2) lesions. * There were 2 small, 14 medium, and 5 large lesions. †Unable to estimate 
mean of small OLTs’ FAAM sport scores at 24 & 36 month visit due to missing data. a Compared to preop; b Compared to 12 months.

estimates are unattained. Only medium OLTs predominantly achieved 
significant pre-to postoperative increase in FAAM-sport scores; a 
significant increase also occurred between the 12 and 48-month visits. 
Large OLTs generally had lower sport scores, although a significant 
pre-to postoperative increase only occurred at 12-months. Most 
PROMs did not significantly differ between visits (Table 3 and 4). 

    There was no statistical relationship between the technique used 
to implant the PJCA and lesion size (p > 0.05). All small lesions 
were performed using open arthrotomy. The medium lesions were 
implanted either via arthroscopy (n = 2), extended portal (extending 
the arthroscopic portals to 6-8 mm; n = 5), or open arthrotomy (n = 
8). Large lesions were implanted arthroscopically (n = 1) or via open 
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arthrotomy (n = 4). Repeated measures analyses did not reveal any 
statistical difference in PROMs based on operative approach or prior 
ankle operation (p > 0.05). 

DISCUSSION
The four-year prospective data revealed an overall significant 
improvement in physical health, sports-related activities, function, 
and pain after treating OLTs with PJCA compared to preoperative 
scores; thus, validating the study hypothesis. The similarities in 
scores between postoperative visits suggest that PJCA lead to 
symptom maintenance after initial improvement from preoperative 
irrespective of operative technique and lesion size. Fifty-four percent 
(13/24) of our subjects also had prior ankle operation. This can 
create a unique challenge for the surgeon given the altered operative 
anatomy. We found that even with prior ankle operation, OLTs can 
be effectively treated with PJCA as revealed by the significant pre-to 
postoperative improvement in PROMs. 
    In the present case series, the reoperation rate is 4.2% (1/24) which 
was performed with minimal debridement of the graft for an OLT of 
176.0 mm2. Tan et al. evaluated four subjects with large OLTs who 
had failed treatment with PJCA[20]. Two subjects lacked allograft 
integration and two incurred bony and soft tissue impingement; the 
authors’ stated the importance of acknowledging certain biological 
and mechanical factors when selecting candidates for PJCA[20].
      Our subjects had improved pain and function similar to other PJCA 
for OLT studies. Bleazey and Brigido retrospectively evaluated seven 
patients with cystic OLTs treated with medial malleolar osteotomy 
and reconstruction with PJCA/sponge subchondral allograft[11]. All 
seven patients had pre-to postoperative clinical improvement in 
pain and activity scores after 6-months[11]. Saltzman and colleagues’ 
preliminary retrospective data of six ankles with mean follow-up of 
13.04 months also revealed improved subjective pain and range of 
motion[19]. Lanham et al. retrospectively compared clinical outcomes 
(n = 12, mean follow-up 25.7 months) after treatment with either 
bone marrow aspirate (BMA) or PJCA[18]. The authors also found 
favorable FAAM-ADL score of 97.02 for PJAC (versus 77.77 for 
BMA)[18], which is consistent with our study’s ADL of 94.1 at 24 
months. 
    Within the literature, it has been reported that size of a lesion can 
be used to predict clinical outcomes[1,2,23]. Given the popularity of 
BMS, most studies surround this operative technique. Chuckpaiwong 
et al. found that lesions less than 15mm had higher clinical success 
compared to larger lesions after arthroscopic BMS[2]. Choi et al. 
also found OLTs greater than 150mm2 had higher failure rates after 
arthroscopic BMS[1]. However, it is unknown if these size cut-offs are 
generalizable in practice. Ramponi et al. systematic review showed 
vast heterogeneity among studies’ definition of size and outcomes 
after BMS[23]. 
    Similar to the original BMS studies, there is controversy 
surrounding lesions size prediction on clinical outcomes following 
treatment with PJCA. In a retrospective case series of 15 subjects 
treated with PJCA (mean follow-up of 34.6 months), Dekker et 
al. showed that lesions greater than 125 mm2 were significantly 
associated with failure[13]. In contrast, Karnovsky et al[17] and Lanham 
et al[18] did not find a significant association between size and clinical 
outcomes. Comparably, in the current analyses, size did not affect 
PROMs which is likely due to the greater amount of medium sizeable 
lesions. Nonetheless, a standardized method of reporting lesion sizes.
    Success with microfracture has been reported with small OLTs. 

Kim et al. retrospectively evaluated time-related changes of clinical 
outcomes after arthroscopic microfracture for OLTs 1.5cm2 for at 
least three-years[24]. There was continued improvement of the AOFAS 
and pain scores up to two-years, and symptom maintenance for at 
least three-years[24]. Similarly, lesion size did not affect outcomes[24]. 
However, a major difference in Kim et al.’s study is that patients 
who worsened or failed to improve until 6-months postoperatively 
were excluded[24]. The authors also did not elaborate on inclusion 
of revision cases or those with prior ankle operation which may 
present the surgeon with an additional clinical challenge of altered 
anatomy. In study, found encouraging results since there was no 
symptom worsening irrespective of both prior ankle operation and 
initial worsening. However, further research is warranted to directly 
compare superiority of PJCA to microfracture alone in revision OLTs. 
    Other treatment options exist for large or recurrent OLTs. Ahmad 
and Jones compared osteochondral autograft (n = 20, mean follow-up 
of 35.2-months) to allograft (n = 20, mean follow-up of 40.5 months) 
for treatment of recurrent OLTs or large primary OLTs (greater than 
or equal to 1.5cm2), and found no differences between the groups in 
functional and pain scores[25]. The autograft’s VAS score improved 
from preoperative of 7.9 to 2.2 postoperatively, and the allograft’s 
preoperative score improved from 7.8 to 2.7 postoperatively[25]. The 
autograft’s FAAM scores improved from a preoperative of 54.4 to 
85.5 postoperatively, and the allograft’s from 55.2 to 80.7[25]. We also 
found pre-to postoperative improvement at 48-months in FAAM-
ADL (from 59.1 to 80.1) and pain (from 45.1 to 17.9) scores with 
large OLTs (n = 5). However, this requires further investigation 
due to limited number of large lesions in the present series. A 
homogenous number of lesions in each category can provide further 
insight into the clinical predictors of treatment success. 
    The technical difficulty of PJCA implantation depends on the 
surgeon’s level of comfort with performing open / arthroscopic 
procedures. The average duration of implantation was ~38 minutes 
(n = 20). Similar to microfracture, it can be performed alone or 
concomitantly which can increase costs and/or the duration of the 
entire procedure. PJCA is approximately $4,000 which is less costly 
than other restorative procedures such as ACI (>$ 16.000) and talar 
allograft (~$6500)[26].
    Our study’s prospective design is a major strength; there are 
limited prospective studies evaluating mid-term clinical outcomes 
with PJCA, and we obtained preoperative scores to assess mean 
differences, therefore minimizing bias. Also, current studies on PJCA 
have nonuniform follow-up. Our series provides near complete four-
years of clinical outcomes. We believe our data warrants further 
discussion as it helps provide clinical insight into using PJCA for 
symptomatic OLT. 
    Our study has limitations such as premature study closure which 
was secondary to a corporate merger of the company providing 
the research grant. Also, the small sample size may have affected 
the PROMs, particularly the mental-health scores. The sample size 
also led to an uneven distribution of sizeable lesions which were 
mostly medium OLTs; this may have affected the PROMs as there 
statistical difference between lesion sizes for PROM scores. The 
PROMs may have been affected by factors such as improvement of 
coexisting pathology (i.e.-ankle instability), or successful/compliance 
with rehabilitation. The authors also did not correlate PROMs with 
healing on postoperative MRI, nor was there a control or comparison 
group. Although the authors are aware of these limitations, this study 
contributes to the literature by providing prospective mid-term data 
on a biologic solution for OLTs.
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CONCLUSION
Four-year outcomes suggest that treatment with a PJCA led to 
improved function and pain levels without symptom worsening, 
and it is an effective operative intervention for symptomatic lesions 
irrespective of lesion size.
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