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Background: One of the most important limitations of osteochondral autograft transplant is the adverse effect on donor sites in the
knee. Ultrapurified alginate (UPAL) gel is a novel biomaterial that enhances hyaline-like cartilage repair for articular defects. To
avoid the need for knee cartilage autografting when treating osteochondritis dissecans (OCD) of the capitellum, we developed a
surgical procedure involving a bone marrow stimulation technique (BMST) augmented by implantation of UPAL gel.

Hypothesis: BMST augmented by UPAL gel implantation improves the cartilage repair capacity and provides satisfactory clinical
outcomes in OCD of the capitellum.

Study Design: Case series; Level of evidence, 4.

Methods: A total of 5 athletes with advanced capitellar OCD in the dominant elbow underwent BMST augmented by implantation
of UPAL gel. The osteochondral defects were filled with UPAL gel after BMST. At a mean follow-up of 97 weeks, all patients were
evaluated clinically and radiographically.

Results: At final follow-up, all 5 patients had returned to competitive-level sports, and 4 patients were free from elbow pain. The
mean Timmerman-Andrews score significantly improved from 100 to 194 points. Radiographically, all patients exhibited graft
incorporation and a normal contour of the subchondral cortex. Magnetic resonance imaging showed that the preoperative
heterogeneity of the lesion had disappeared, and the signal intensity had returned to normal. Arthroscopic examinations con-
sistently exhibited improvement in the International Cartilage Regeneration and Joint Preservation Society (ICRS) grade of lesions
from 3 or 4 to 1 or 2 in 4 patients at 85 weeks postoperatively. Histologic analysis of biopsy specimens revealed an average total
ICRS Visual Assessment Scale |l histologic score of 1060.

Conclusion: The acellular cartilage repair technique using UPAL gel for advanced capitellar OCD provided satisfactory clinical and
radiographic results. The present results suggest that this novel technique is a useful, minimally invasive approach for treating
cartilaginous lesions in athletes.
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Osteochondritis dissecans (OCD) of the humeral capitellum
is a common injury among throwing athletes.”!®27 In terms
of treatment options, young patients with early-stage capi-
tellar OCD are good candidates for nonoperative treatment
because of their potential for healing.2%2¢ In contrast,
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surgical treatment is usually required for patients with
advanced-stage capitellar OCD.*

Studies have advocated several surgical procedures for
patients with large or unstable OCD lesions,2%25:29:35.:37
among which autologous osteochondral grafting, also
known as mosaicplasty, is considered a good
option.16:17:21,24,36,41 g4\, djes have demonstrated that
mosaicplasty provides satisfactory clinical outcomes and
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reliable return to play for young athletes with large or
unstable OCD lesions.'®172* One of the most important
limitations of mosaicplasty is the possible adverse effects
on donor knees. Previous experimental studies have shown
that the donor tunnels are covered with initial repair tissue
by 6 weeks after the graft harvest and that fibrocartilage
coverage develops within 8 to 12 weeks.>® Using magnetic
resonance imaging (MRI) evaluation, Iwasaki et al'® sug-
gested that the donor site was resurfaced with fibrous tis-
sue after mosaicplasty for capitellar OCD. Reddy et al®!
reported that osteochondral harvest from normal knee
joints for talar osteochondral lesions led to deterioration
of knee function. To overcome this limitation, we sought
to establish a novel cartilage repair strategy that does not
require autograft harvesting.

Igarashi et al'® developed an in situ—shaping ultrapur-
ified alginate (UPAL) gel exhibiting quite low toxicity.
Previous experimental studies in rabbit and canine mod-
els have demonstrated that administration of UPAL gel
without cell implantation enhanced hyaline-like cartilage
repair of osteochondral defects.'? Considering these
results, we hypothesized that a bone marrow stimulation
technique (BMST) augmented by UPAL gel administra-
tion would improve the capacity for resurfacing osteo-
chondral defects by enhancing cartilage repair. The
objective of this study was to prospectively assess the clin-
ical outcomes of UPAL gel implantation alone in patients
with advanced capitellar OCD.

METHODS

This study was conducted according to the Declaration of
Helsinki, International Committee on Harmonisation Good
Clinical Practice Guidelines, and applicable local laws and
regulations. The protocol was approved by the regulatory
authorities in Japan and by the ethics committees of each
study site.

Patients

Between January 2016 and April 2017, a total of 5 patients
(5 elbows) underwent BMST augmented by UPAL gel
administration for advanced capitellar OCD. The inclusion
criteria were symptomatic advanced capitellar OCD in ath-
letes identified on anteroposterior plain radiographs with
the elbow at 45° of flexion. Indications for this surgery
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included failure of nonoperative treatment of >6 months
in duration or evidence of unstable lesions on plain radio-
graphs and MRI. Patients with osteoarthritis of the
elbow, an open growth plate of the capitellum, age <13 or
>65 years, Timmerman-Andrews score®® >140, or lesions
<1.0 em? were excluded.

Data were collected regarding clinical outcomes and
imaging. Images were evaluated by a single musculoskele-
tal radiologist who had >10 years of experience in joint MRI
interpretation and who was blinded to patient data, intra-
operative findings, and postoperative periods. To minimize
variability, each image was evaluated twice. All patients
underwent physical examination and imaging studies,
including radiographs and MRI.

Preparation of Alginate Gel

The medical device candidate used in the study (dMD-001;
Mochida Pharmaceutical Co Ltd) is composed of an origi-
nal in situ—forming material based on UPAL gel (molecu-
lar weight of 1700 kDa) and 0.1 mol/L CaCls solution. The
materials were sterilized by ultrafiltration (0.22-mm pore
size filter). The UPAL gel exhibited a very low endotoxin
level of 5.76 EU/g, as opposed to 75,950 EU/g for
commercial-grade alginate (sodium alginate 500,
199-09961; Wako).'® We used 2% (wt/vol) sodium alginate
solution dissolved in distilled water.

Surgical Technique

All procedures were performed with the patient in the
supine position under general anesthesia, with the arm
brought across the chest, by 1 of 3 surgeons (M.K. [28 years
of experience], T.F. [24 years of experience], or D.M. [13
years of experience]). After the extent of the lesion was
confirmed by arthroscopy and instability was determined
by palpation using an arthroscopic probe, a 4- to 6-cm inci-
sion was made on the posterior aspect of the radiocapitellar
joint. The fascia over the anconeus muscle was divided
sharply, and the muscle was split. The capsule was incised
from the posterior edge of the lateral epicondyle to the prox-
imal edge of the annular ligament. The OCD lesion on the
capitellum was exposed. When required, the inflamed syno-
vium of the radiohumeral joint was resected. For lateral
lesions identified preoperatively on radiographs, a more
posterior dissection of the extensor compartment was per-
formed to expose the lesion. The displaced or dislocated
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Figure 1. (A) The radiohumeral joint is exposed posteriorly by splitting the anconeus muscle. A capitellar osteochondritis dissecans
lesion is exposed with extreme elbow flexion, and the blood supply is confirmed after bone marrow stimulation technique. (B)
Ultrapurified alginate gel is implanted into the prepared osteochondral defect (arrow).
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Figure 2. Postoperative assessments at each time point. MRI, magnetic resonance imaging; T-A, Timmerman-Andrews.

fragments were removed, and the fibrous tissue around the
osteochondral lesion was carefully curetted. The size of the
capitellar lesion was calculated using the short and long
axes of an oval template placed for direct measurement.
For the BMST, 5 to 10 holes (1.0 mm in diameter and
10.0 mm in depth) were drilled into the defect (Figure 1A)
and filled with 2% sodium alginate solution. Because of its
high viscosity, the alginate solution did not flow out from
the defect. For gelation of the superficial layer of alginate
solution, CaCl, was injected onto the surface of the alginate
for 5 minutes (Figure 1B), and the CaCl; solution was then
washed away by irrigating the elbow with normal saline. To
confirm the stability of the implanted UPAL gel, the elbow
was flexed and extended 10 times intraoperatively. With-
out any additional fixation of the augmentation site, the
capsule and skin were closed.

Postoperative Management

After surgery, the elbow was immobilized at 90° of flexion
with neutral forearm rotation for 2 weeks. The patients
began active and assisted passive motion exercise of the
elbow and forearm immediately after removal of the splint.
After 8 to 12 weeks, we encouraged patients to engage in
exercises to strengthen the trunk, scapulothoracic joint,
and rotator cuff. Pitching activity was permitted 2 to
3 months after surgery, and patients were permitted to
return to their previous activity level by 3 to 4 months
postoperatively.

Postoperative Assessments

Figure 2 shows the postoperative assessments that were
conducted at each time point, including MRI evaluations®2
and Timmerman-Andrews scoring.?® Although the
Timmerman-Andrews score has not been validated, it has
been used as an outcome measure in previous studies on
treatment of capitellar OCD.® The preoperative clinical
score of the elbow was compared with that at each follow-
up examination. Standardized MRI scans were obtained at
8 postoperative time points in each patient. The MRI eval-
uation focused on evidence of graft migration or displace-
ment and the presence of fluid surrounding the graft on T2-
weighted images. Cartilage surface characteristics, high-
lighted fluid in the joint, and edema in the subchondral
bone were evaluated using fat-saturated proton density—
weighted images. The quality of the joint surface recon-
struction was evaluated based on the Roberts score®? and
Magnetic Resonance Observation of Cartilage Repair Tis-
sue (MOCART) score; descriptions of scoring are available
in Appendix Tables Al and A2.%3% After informed consent
was obtained, second-look arthroscopy was performed in 4
patients at 72 weeks after surgery, and tissues were exam-
ined histologically by biopsy at the second-look surgery.
The samples for histologic evaluation were obtained from
the center portion of each reparative area using a biopsy
needle of 1.8-mm diameter and 10-mm depth. The obtained
samples were then prepared for histologic and immunohis-
tochemical analyses. The samples were stained with
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TABLE 1
Characteristics of the Study Participants®
Patient No.
1 2 3 4 5 Mean

Age,y 18 35 18 13 14 19.6
Dominant side Right Right Right Right Right
Sport Self-defense Baseball Table tennis Baseball Baseball
Height, cm 176.4 177.5 176.5 163 173.6 173.4
Weight, kg 70 78.4 100 77.1 72.8 79.7
Minami classification Displaced Displaced Detached Detached Displaced
Defect size, cm? 1.1 1.3 1.9 1.1 14 14
ICRS grade 3 4 4 3 4
2nd-look surgery, wk postoperative NA 72 96 87 86 85
ICRS grade at 2nd-look surgery NA 2 2 2 1
Duration of follow-up, wk 96 96 98 99 97 97.2
Total arc of elbow motion, deg

Preoperative 100 100 80 105 115 100

Postoperative 140 130 110 135 140 131
Timmerman-Andrews score

Preoperative 90 105 105 105 95 100

Postoperative 200 195 175 200 200 194

“ICRS, International Cartilage Regeneration and Joint Preservation Society; NA, not available.

safranin O and hematoxylin and eosin. Immunohistochem-
ical staining was performed with anti—type II collagen anti- N . . .

bodies (Kyowa Pharma Chemical Co Ltd). To quantitatively
evaluate the reparative tissue, macroscopic and histologic
findings were scored using the International Cartilage
Regeneration and Joint Preservation Society (ICRS) Visual
Assessment Scale IT histologic score.?? All scoring was per-
formed by a single blinded observer (T.O.). To avoid
observer bias, the samples were randomized and coded
before analysis.

Statistical Analyses

After normal data distribution was determined, a paired
t test was used to compare the preoperative and final
follow-up data regarding elbow range of motion and
Timmerman-Andrews scores. To investigate changes in
clinical and MRI-based outcomes over time, 1-way
repeated-measures analysis of variance was used. P values
<.05 were considered significant.

RESULTS

All 5 study patients were male, with a mean age of 19.6
years (range, 13-35 years) at the time of operation; the
mean cartilage defect size was 1.4 cm? (range, 1.1-
1.9 ecm?) (Table 1). The mean follow-up period was
97.2 weeks (range, 96-99 weeks). No findings indicating
material-derived side effects were observed during the
follow-up period. At the final follow-up, 4 patients were free
of elbow pain, and the remaining patient reported occasional
mild pain. At the final follow-up, the total arc of elbow
motion had significantly improved compared with preoper-
atively, from a mean + SD of 100.0° + 12.7° to 131.0° £ 12.4°,
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Figure 3. Mean Timmerman-Andrews scores plotted versus
time. Error bars indicate standard deviations. *P < .0001 ver-
sus preoperative score.

and the mean Timmerman-Andrews score significantly
increased, from 100 + 7.1 to 194 + 10.8 (Table 1).

In total, 4 of the 5 patients exhibited excellent clinical
results (Timmerman-Andrew score range, 180-200), and
the remaining patient exhibited good clinical results
(Timmerman-Andrews score range, 160-179) at the final
follow-up. The changes in postoperative Timmerman-
Andrews scores are shown in Figure 3. The mean value
significantly increased from preoperatively to 184 + 11.4
by 12 weeks postoperatively and to 196 + 8.9 by 24 weeks
postoperatively (P < .0001).

Radiographically, all patients exhibited graft incorpora-
tion and normal contour of the subchondral cortex. MRI
demonstrated that the preoperative heterogeneity of the
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Figure 4. (A) Preoperative and postoperative MRI scans of the same patient depicted in Figure 1 (B) Mean Roberts score plotted
versus time. (C) Mean MOCART score plotted versus time. Error bars indicate standard deviations.

lesions had disappeared, and the signal intensity returned
to the normal range by the final follow-up (Figure 4A). The
mean Roberts score was 0 at 4 weeks postoperatively, but it
increased to 0.4 £ 0.5 by 12 weeks, 2.0 £ 1.9 by 24 weeks,
and 3.4 + 1.3 by 36 weeks. The 36-week score was a signif-
icant improvement from the scores at 4 weeks (P = .0038)
and 12 weeks (P = .0143). Improvements in the Roberts
scores were maintained up to 96 weeks postoperatively
(Figure 4B). The mean MOCART score was 38 = 16.0 at
4 weeks postoperatively, but it increased to 59 + 13.9 by
12 weeks and 85 * 3.5 by 24 weeks. The 24-week value was
a significant improvement compared with scores at 4 weeks
(P < .0001) and 12 weeks (P = .0032). At the final follow-up,
the mean MOCART score was 84 + 6.5 (Figure 4C).

Of the 5 patients, 4 patients underwent second-look sur-
gery beginning at 72 weeks postoperatively (range, 72-96
weeks). Arthroscopic examination consistently demon-
strated improvement in the ICRS grade of the lesions from
3or4tolor2(Table 1). No adverse effects such as synovitis
or inflammation were observed during second-look surgery
in any of the 4 patients (Figure 5A). Histologic analysis of
biopsy specimens revealed hyaline-like cartilage repair in 3
of the 4 patients (Figure 5, B-D). The mean total ICRS
Visual Assessment Scale II histologic score (maximum
score 1400) was 1060 + 253 (Figure 5E).

By the end of the follow-up period, all patients had
returned to competitive-level sports.

DISCUSSION

To the best of our knowledge, this is the first prospective
study to evaluate a material-based acellular cartilage
repair technique for advanced capitellar OCD. The present
study demonstrated that BMST augmented by UPAL gel
implantation significantly improved clinical outcomes in
patients with advanced capitellar OCD. The imaging and
histologic findings of this study suggested hyaline-like car-
tilage repair of the OCD lesion. These results indicate that
our acellular cartilage repair technique using UPAL gel
promotes the cartilage repair process, leading to satisfac-
tory clinical outcomes in patients with advanced capitellar
OCD.

Adverse tissue reactions and rejection represent impor-
tant potential side effects of material-based therapies. The
safety of xenograft products has been justifiably questioned
since the study by Iannotti et al,? in which a porcine prod-
uct used to supplement rotator cuff repair produced severe
tissue reactions and rejection. To overcome these adverse
effects, we developed a highly purified biocompatible algi-
nate that exhibits reduced endotoxicity.'® Initial studies of
implantation of this alginate reported no infections or aller-
gic reactions in rabbit and canine models.’®>*® The low
endotoxin level enables safe clinical application of the
UPAL gel because it does not induce immunologic reactions
to the implanted material.'*!* The current clinical and
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Figure 5. (A) Second-look arthroscopy of the same patient depicted in Figure 1, at 86 weeks after treatment. Repair biopsy
specimen stained for (B) safranin O (S-0), (C) collagen type Il (Col Il), and (D) hematoxylin and eosin (H-E). All scale bars:
0.5 mm. (E) Plot of International Cartilage Regeneration and Joint Preservation Society (ICRS) Visual Assessment Scale Il histologic

Scores.

radiographic findings suggested that no infections or aller-
gic reactions occurred in any of the 5 patients. Additionally,
second-look arthroscopy and biopsy provided visual confir-
mation that there were no adverse effects derived from the
material in the soft tissues of the elbow joint and cartilage,
thereby indicating a reasonable safety profile.

Previous studies have advocated several surgical options
for patients with advanced capitellar OCD lesions.?%23:3%:37
Among these options, BMST has been widely performed for
relatively small unstable lesions.?*3* However, BMSTs are
thought to involve fibrous or fibrocartilaginous repair,
which can lead to unsatisfactory long-term clinical results.*
We speculate that this limited repair is due to insufficient
chondrocyte proliferation and differentiation in conjunc-
tion with a lack of scaffold matrix formation. Previous
studies have demonstrated that UPAL gel administration
without exogenous cell implantation induces hyaline-like
cartilage repair, possibly because this hydrogel retains
migrated cells and enhances cellular proliferation and
chondrogenic differentiation.?!! Using a canine model,
Baba et al' reported that the BMST augmented by UPAL
gel elicited hyaline-like cartilage repair characterized by

rich glycosaminoglycan and matrix immunostaining by
anti—type II collagen antibody. The histologic assessments
in the current study demonstrated acceptable safranin O
and type II collagen staining of reparative tissue, indicat-
ing hyaline-like cartilage repair in 3 of the 4 patients who
underwent biopsy at second-look surgery.

Recent studies have demonstrated that mosaicplasty
provides favorable clinical outcomes in patients with large
capitellar OCD lesions.*®1” Mosaicplasty is based on the
concept that osteochondral grafts harvested from the artic-
ular cartilage of the knee joint provide an adequate biome-
chanical environment and friction pattern similar to that of
the normal elbow joint.'®'® A considerable limitation of
mosaicplasty, however, is the possibility of adverse effects
on donor sites in the knee.'®'® Most patients with advanced
capitellar OCD for which mosaicplasty is indicated are
young athletes. Therefore, a less invasive technique that
allows for early rehabilitation and prevents postoperative
adverse effects attributed to surgery is desired. In a study
of teenage athletes with mean OCD lesion size of 15.6 x
14.4 mm, Shimada et al®® reported that mosaicplasty pro-
duced satisfactory clinical outcomes. Funakoshi et al®
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reported that MRI findings after mosaicplasty confirmed
the smoothness and integrity of the cartilage surface in
lateral as well as central OCD lesions. The results of our
study demonstrated satisfactory MRI findings and short-
term clinical outcomes after treatment with UPAL gel for
advanced capitellar OCD in athletes, without invasion of
the knee. Regarding lesion size and MRI findings, the cur-
rent results are comparable to previous reports on mosaic-
plasty. Hence, this less invasive technique may become an
alternative treatment for mosaicplasty of unstable OCD
lesions.

There are several limitations to this study. First, the
present study investigated relatively short-term clinical
outcomes, and the study group was small. Second, we did
not compare BMST augmented by UPAL gel with other
surgical procedures. Third, there were 3 surgeons for
5 cases. Fourth, the treatment was performed by open sur-
gery. Patients with advanced capitellar OCD for which sur-
gical treatment is indicated are mostly young athletes. A
less invasive, arthroscopic technique should be developed.
Further multicenter, comparative, and long-term investi-
gations should attempt to confirm the effectiveness and
appropriate indication of our treatment using UPAL gel.

CONCLUSION

The current study suggests that the BMST augmented by
UPAL gel administration provides satisfactory clinical out-
comes for athletes with advanced capitellar OCD. More-
over, second-look arthroscopy and biopsy provided visual
and histologic confirmation of hyaline-like cartilage repair.
These results indicate the practicality of our novel cartilage
repair technique using UPAL gel for treating advanced
capitellar OCD in athletes.
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APPENDIX

TABLE Al
Roberts Score Description

Feature

Score

Surface integrity and contour
Cartilage signal in graft region
Cartilage thickness

Changes in underlying bone
Maximum total possible

1 = normal or near normal, 0 = abnormal
1 = normal or near normal, 0 = abnormal
1 = normal or near normal, 0 = abnormal
1 = normal or near normal, 0 = abnormal
4




The Orthopaedic Journal of Sports Medicine

TABLE A2
MOCART Score Description

Alginate Gel for Osteochondritis Dissecans for OCD 9

Variable

Class

Score

Degree of defect repair and defect filling Complete (on a level with adjacent)

Integration to border zone

Surface of the repair tissue

Structure of the repair tissue

Signal intensity of the repair tissue

Subchondral lamina
Subchondral bone
Adhesions

Effusion

Maximum score

Hypertrophy (over the level of the adjacent cartilage)
Incomplete (under the level of the adjacent cartilage: underfilling)
>50% of the adjacent cartilage
<50% of the adjacent cartilage
Subchondral bone exposed (complete delamination or dislocation and/or loose body)
Complete (complete integration with adjacent cartilage)
Incomplete (incomplete integration with adjacent cartilage), demarcation border visible
(split-like)
Defect visible
<50% of the length of the repair tissue
>50% of the length of the repair tissue
Surface intact (lamina splendens intact)
Surface damaged (fibrillations, fissures, and ulcerations)
<50% of repair tissue depth
>50% of repair tissue depth or total degeneration
Homogeneous
Inhomogeneous of cleft formation
Isointense
Moderately hyperintense
Markedly hyperintense
Intact
Not intact
Intact
Edema, granulation tissue, cysts, sclerosis
No
Yes
No effusion
Effusion

20
15

10

15
10
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