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Restoration of a large osteochondral defect
of the knee using a composite of umbilical
cord blood-derived mesenchymal stem
cells and hyaluronic acid hydrogel: a case
report with a 5-year follow-up
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Abstract
Background: The treatment of articular cartilage defects is a therapeutic challenge for orthopaedic surgeons.
Furthermore, large osteochondral defects needs restoration of the underlying bone for sufficient biomechanical
characteristics as well as the overlying cartilage.
Case presentation: A symptomatic large osteochondral defect in the knee joint was restored using a composite
of umbilical cord blood-derived mesenchymal stem cells (UCB-MSCs) 0.5 x 107/ml and 4% hyaluronic acid (HA)
hydrogel. Significant improvements in pain and function of the knee joint were identified by the evaluation at
12 months after surgery. A hyaline-like cartilage completely filled the defect and was congruent with the
surrounding normal cartilage as revealed by magnetic resonance imaging (MRI), a second-look arthroscopy and
histological assessment. The improved clinical outcomes maintained until 5.5 years. MRI also showed the
maintenance of the restored bony and cartilaginous tissues.
Conclusion: This case report suggests that the composite of allogeneic UCB-MSCs and HA hydrogel can be
considered a safe and effective treatment option for large osteochondral defects of the knee.
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Background
The treatment of articular cartilage defects continues to
be one of the most challenging clinical problems for
orthopaedic surgeons. When isolated chondral or osteochondral defects are left untreated, they do not heal and
may progress to symptomatic degeneration of the joint
[1]. Therefore, early surgical intervention for symptomatic lesions which are not responding to conservative
treatment is often suggested in an effort to restore normal joint congruity and pressure distribution, and to
* Correspondence: chulwon.ha@gmail.com; hacw@skku.edu
2
Department of Orthopaedic Surgery, Samsung Medical Center,
Sungkyunkwan University School of Medicine, 81 Irwon-ro, Gangnam-gu,
Seoul 06351, South Korea
3
Stem Cell & Regenerative Medicine Institute, Samsung Medical Center, 81
Irwon-ro, Gangnam-gu, Seoul 06351, South Korea
Full list of author information is available at the end of the article

prevent further injury. Therefore, several techniques for
cartilage restoration have been developed [2–4]. Microfracture, osteochondral autograft transfer (OAT) and
autologous chondrocyte implantation (ACI) are the
commonly applied methods, which will be introduced
more in detail below regarding the case of this paper.
The treatment of large osteochondral defects involving the cartilage as well as the subchondral bone is
more challenging because of two different tissues with
different healing potential [5]. Microfracture, a bone
marrow stimulating arthroscopic technique, seems to
be the most frequently used method to repair small
sized articular cartilage defects (<2 cm2) [6], however, it
is generally not recommended for osteochondral
defects due to limited potential for restoring the underlying bony tissue [7]. OAT offers the advantage of
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restoring cartilage tissue as well as subchondral bony
tissue. However, limited graft availability and donor site
morbidity are major limitations [8]. Furthermore, uneven surface or unstable fixation in multiple grafting
for a large defect is also a concern [9]. Large osteochondral defects can sometimes be treated by ACI,
however ACI is a two-staged procedure and it is hard
to apply the graft in lesions with deep (more than 6 to
8 mm) subchondral defects [10]. ACI is also known to
have very limited potential in restoring bony tissues
and often requires bone grafts for subchondral bone
restoration in cases of large osteochondral defects
[11, 12]. Osteochondral allograft is an another possible option, but the limited availability of fresh allograft is a major drawback in clinical practice [13].
Therefore, there still lacks an optimal method to restore the cartilaginous and bony tissue in a large
osteochondral defect.
Recently, mesenchymal stem cells (MSCs) have become attractive as one of the potential candidates for
cellular therapy, featuring self-renewal, proliferation and
differentiation into mesenchymal tissues, including bone,
tendon, muscle and cartilage [14]. Moreover, MSCs
likely exhibit a capacity of immune-tolerance or immune modulation that may allow allogeneic MSCs
transplantation feasible [15]. There are only two reports
in the literature on the effect of autologous MSCs for
osteochondral defect of the knee [16, 17]. We, however,
could not find a report of allogeneic MSCs transplantation for the restoration of osteochondral defect. In
addition, it was hardly investigated whether MSCs were
effective to treat large osteochondral defect. Umbilical
cord blood-derived MSCs (UCB-MSCs) are ease to
obtain, are non-invasively collected, and have a good
expansible capacity [18, 19]. In addition, some studies
suggest immunomodulatory effects [20, 21]. Therefore,
UCB-MSCs can be an appropriate source for allogeneic
transplantation.
We previously reported that transplanting of UCBMSCs and hyaluronic acid hydrogel composite resulted in
favorable cartilage repair in animal models [22–26]. Moreover, recently, we demonstrated that transplantation a
composite of allogeneic UCB-MSCs and HA hydrogel was
safe and effective modality for cartilage repair in osteoarthritic knees, which was followed up for more than
7 years without any significant adverse events [27]. In this
paper, we report a first case of transplanting a composite
of allogeneic UCB-MSCs and HA hydrogel in large osteochondral defect.

Case presentation
A 31-year-old female patient was referred to the senior
author after failed conservative treatment of painful right
knee for 7 months. She had no known history of knee
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injury. At age 30 years, about 7 months before presentation to the senior author, the patient began to experience
intermittent right knee pain, popping, giving way and
locking, which was not improved by conservative treatments including medications and physical therapy. On
presentation, the patient had disabling knee pain with
walking at the anterolateral aspect, which was aggravated with ascending or descending stairs. Physical
examination revealed significant lateral joint line tenderness with positive McMurray test [28]. She also had
snapping on the lateral compartment on knee motion.
Plain radiographs (Fig. 1) and magnetic resonance imaging (MRI) (Fig. 2) revealed a large osteochondral defect of approximately 27 mm × 22 mm in size and
15 mm deep on the lateral femoral condyle with osteochondral loose bodies (x 3). Complex tear of lateral
meniscus was also found. Therefore, in addition to
arthroscopic loose body removal and lateral partial
meniscectomy, the osteochondral lesion should also be
treated. Considering the size and depth of the lesion,
as well as her age, the patient was not a good candidate
for microfracture, OAT or ACI as described above. A
transplantable osteochondral allograft was not available. Thus, a novel therapeutic option, transplantation
of a composite of UCB-MSCs and HA hydrogel, was
planned in this case. The UCB-MSCs and HA hydrogel
composite was produced by a manufacturing company
(Medipost Inc., Seoul, South Korea) under regulatory
authority approved good manufacturing practice (GMP)
guidelines [22–24]. The UCB-MSCs were isolated and

Fig. 1 a, b Simple radiographic images of a 31-year-old female
showed a large osteochondral defect on the lateral femoral condyle
of right knee
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Fig. 2 Preoperative magnetic resonance image. a Axial, b sagittal and c coronal images showed large osteochondral defect (approximately
2.7 cm × 2.2 cm sized and 1.5 cm deep) on lateral femoral condyle with osteochondral loose body

characterized according to previously published methods
[29]. This study was approved by the institutional review
board at our institution. Informed consent was obtained
from patient included in the study.
The patient was taken to the operating room, where
spinal anesthesia was induced. An arthroscopic examination was performed using a standard anterolateral portal in supine position. After complete inspection of the
joints and assessment of the defects (Fig. 3), a standard
anteromedial portal was made and three osteochondral
loose bodies were removed. Additionally, partial meniscectomy was performed for the complex tear of the
lateral meniscus. An arthrotomy through an incision of
approximately 3 cm in length was made through the
anterolateral portal. The osteochondral defect on the
lateral femoral condyle was carefully debrided down to
the bed of the defect with a curette until healthy looking underlying bone appeared. Subsequently, multiple
drilling with a 5 mm diameter drill bit was performed
to the depth of 5 mm for the containment of the composite of UCB-MSCs and HA hydrogel. After the drilling, irrigation was performed to wash out the debris of
bone and cartilage and the lesion site was dried using

suction and gauze for implantation. Finally, the composite of UCB-MSCs 0.5 x 107/ml and 4% HA hydrogel
taken and filled in a 5 mL syringe. Then, the hydrogel
mixture was implanted into the 5 mm drill holes from
the base to the surface by slow injection to avoid any
void (Fig. 4). As the hydrogel is not sticky, the 5 mm
deep drill holes mainly served for the containment of
the implanted MSC-hydrogel mixture. Actually, the
small amount of blood smearing into the hydrogel
seemed to form a clot intermingled with the hydrogel,
thus help maintain the hydrogel in place. After the implantation, the knee was extended carefully with some
retraction of capsular tissues to avoid displacement of
the overlying composite of UCB-MSCs and HA hydrogel from the lesion. The wound was closed and a cylinder splint was applied. The patient started continuous
passive motion exercises on postoperative day 1 and
was ambulatory with crutches. Non-weight bearing ambulation was recommended until 3 months postoperative
and gradually increasing weight bearing as tolerable was
allowed thereafter.
Pain on walking by 100 mm visual analog scale (VAS)
was improved from 46 preoperatively to 8 at postoperative

Fig. 3 a, b Arthroscopic views from the anteromedial portal shows large osteochondral defect on lateral femoral condyle
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Fig. 4 Gross photos shows a initial osteochondral defect site, b defect site just after implantation of umbilical cord blood derived mesenchymal
stem cells, and c removed loose bodies

1 year. The international knee documentation and committee (IKDC) subjective score improved from 63.22 preoperatively to 85.02 at postoperative 1 year. The Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) score improved from 25 preoperatively to 2 at
postoperative 1 year. Second look arthroscopy and biopsy
from the implantation site were performed at postoperative 1 year after informed consent. The site of previous
large chondral defect was smooth and fully covered with
hyaline-cartilage like tissue, which was generally firm-tohard with excellent peripheral integration (Fig. 5).
There was no area of bone formation or bone exposure
at the articular surface. Biopsy was taken with a biopsy
needle, and histologic evaluation revealed evidence of
hyaline-like cartilage regeneration. Positive Safranin-O
staining was observed throughout the matrix suggesting
the abundant presence of glycosaminoglycan, which is
typical to hyaline cartilage matrix (Fig. 6a). With immunohistochemistry for type I collagen and type II collagen, typical for fibrocartilage and hyaline cartilage,
respectively, weak positivity for type I collagen (Fig. 6b)
and diffuse strong positivity for type II collagen was observed (Fig. 6c). MRI at postoperative 1 year showed
good filling of the defect with abundant repair tissue

and smooth integration to surrounding tissue (Fig. 7a-c).
Moreover, the deep portion of the previous defect corresponding to underlying bone was partially restored as
bony tissue, while the superficial portion near the articular
cartilage was restored as cartilagenous tissue.
The improved scores were maintained until the latest
follow up at 5.5 years postoperatively with VAS 12,
IKDC 85.05 and WOMAC 4. The MRI performed at
5.5 years after surgery showed maintenance of the repair tissue with filling of the defect and integration to
surrounding tissue (Fig. 7d-f ). A delayed gadoliniumenhanced MRI of the cartilage [30] indicated high glycosaminoglycan content of the regenerated cartilage
(relative ΔR1 index = 1.41, Fig. 8). The restored bony
tissue in the deep portion and the restored cartilage tissue in the superficial portion were maintained without deterioration or transition to bony tissue. During follow-up
period, no specific adverse reactions were observed until
5.5 years.

Discussion
We report a case of a successful outcome using the composite of UCB-MSCs 0.5 x 107/ml and 4% HA hydrogel
for the treatment of large and deep osteochondral defect

Fig. 5 a, b, c, d Second look arthroscopy shows cartilage repair on lateral femoral condyle at postoperative 1 year
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Fig. 6 Histological findings. a Positive safranin – O staining was observed throughout the matrix. Immunostaining showed b weak staining for
type I collagen but c diffuse strong positivity for type II collagen

Fig. 7 Magnetic resonance image. a, b, c The repair of the osteochondral defect at postoperative 1 year was observed and d, e, f the repaired
tissue was maintained for 5.5 years without deterioration
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Fig. 8 a The change in quantitative R1 in regenerated cartilage and
in native cartilage were obtained at the marked areas to calculate
the relative R1 index, which equals 1.0 in the case of perfect
regeneration. b Higher T1 values (marked in blue) were associated
with increased relative GAG content, which was observed in
regenerated cartilage

of the knee. The clinical results at 1 year and at 5.5 years
postoperatively suggest that this method can be a viable
option in restoring large and deep osteochondral defects.
To our knowledge, this is the first report of a successful
treatment of large osteochondral defect of a human joint
by application of allogeneic MSCs-based product.
Over the past decade, clinical and basic research has
provided the foundation for successful treatment of focal
cartilage defects [31, 32]. The main approaches currently
used in clinical practice are microfracture, OAT, and
ACI. Microfracture and OAT are generally known that
they not recommended for large lesions [33, 34]. ACI
was the first cell therapy used clinically to treat cartilage
defects [35]. ACI has undergone several improvements
over time [36, 37]. However, there are still several shortcomings even with the newly developed ACI techniques;
the main shortcoming is an age-related chondrocyte dedifferentiation during the expansion phase [38]. Chondrocyte is known to dedifferentiate to a fibroblast-like
state during cultivation in monolayers. The dedifferentiation represents both morphological changes and alterations in collagen expression patterns, which negatively
affects the potential of the implanted cells to restore the
cartilage tissue. In addition, ACI requires autologous
bone implant for the restoration of the subchondral
bone in large osteochondral defects [11, 12].
To overcome the limitation and shortcomings of
currently available options, a novel option seems to be
required for the treatment of large osteochondral lesion of the knee. In this regard, the use of MSCs can
be a potential therapeutic option for the restoration of
cartilage as well as bone in the osteochondral defects,
considering the MSCs’ capacity of self-renewal, multi-
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lineage differentiation potential and immunomodulation [39]. Several studies reported that MSCs with
scaffold can repair osteochondral defects in animal
models [40–43]. We have already experienced successful restoration of osteochondral defects with no immunologic problem after transplantation of human
UCB-MSCs in an animal model which was a xenograft
model [22–26]. Also, we had seen the safety and efficacy of UCB-MSCs for the restoration of articular cartilage defect in seven osteoarthritic patients in phase
1/2 clinical trial performed at our institution [27].
Therefore, we tried to extend the novel approach to
the restoration of subchondral bone as well as the articular cartilage in large osteochondral defect case, and
the result was encouraging without any significant adverse events.
To our knowledge, this is the first case report of the
transplantation of allogeneic MSCs for the restoration of
large osteochondral defects of the human knee. In the
literature, there have been only two previous studies
which used autologous MSCs or mixed cell concentrate
containing MSC for the treatment of osteochondral defect of the human knee [16, 17]. A case report of one
patient with a 1-year follow-up presented that the restoration of articular cartilage and subchondral bone for an
osteochondral defect was promoted by implantation of
autologous bone marrow (BM)-MSCs embedded in calcium hydroxyapatite ceramic with interconnected pores
[16]. The technique required two-stage surgery and invasive BM collection. The other study with a 2-year
follow-up described the use of BM aspirate concentrate
(BMAC), a mixture of heterogeneous cell populations,
embedded in hyaluronan based scaffold for osteochondral defects of the knee in 20 patients [17]. Clinical outcomes were improved and MRI showed bone and
cartilage growth, nearly complete defect filling and satisfactory integration with surrounding tissue in 80% of
patients at 1 year. Histological staining showed the presence of proteoglycan, particularly in the middle and deep
zone. Unfortunately, the images of immunohistochemical staining for type 1 and type 2 collagen were not provided. Although this technique was one-stage surgery, it
also required invasive BM aspiration for cell collection.
In addition, heterogeneous cell populations had been
used in this study. The MSCs are known to be present
in less than 0.1% of BM aspirate concentrates [44]. Thus
it is difficult to determine whether the bone and cartilage repair was by the MSCs or other components, such
as platelet derived growth factors, and consistent results
could not be expected. Moreover, these two related previous reports lacked longer term follow-up to evaluate
whether the restored tissues were maintained and provided reliable and durable clinical outcomes. We believe
the results of the case in the current report warrant
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further investigations on the application of allogeneic
MSCs for the restoration of osteochondral defects.
In this case report, the improvements in pain and
function at 1-year post-transplantation were maintained
for 5.5 years. At the latest clinic visit of 5.5 years postoperatively, she had returned to full activity without any
limitation as a nurse in a local hospital. In MRI and
second-look arthroscopy at postoperative 1 year, no
overgrowth, delamination or fibrous degeneration at the
site of newly formed tissue were observed, which is often
observed after ACI [45]. In addition, MRI at 5.5 years
after surgery showed the maintenance of restored subchondral bone as well as the overlying articular cartilage
with excellent peripheral integration. We think that the
restoration of subchondral bone which provide a sound
biomechanical environment for the restored defect site
as well as the restoration of good quality cartilage should
have contributed to the observed durable improvement
in pain and function. The result of this case suggests
that the transplantation of the composite of UCB-MSCs
and HA will be an effective therapeutic option for the
treatment of large osteochondral defects of the knee.
There was no adverse effect for 5.5 years. No abnormal findings suggesting rejection, foreign body reaction,
or differentiation towards other mesenchymal lineage
was observed. UCB-MSCs showed low immunogenicity
and immunomodulatory activity [46, 47]. Other in vivo
studies using UCB-MSCs have shown no immune rejection [22, 23, 25]. One recent study reported that UCBMSCs transplanted cells disappeared at 4–8 weeks [48],
which may contribute to the safety of transplantation of
allogeneic UCB-MSCs in this case.
Some limitations of this study needs to be addressed.
First, allogeneic MSCs transplantation might induce an
immune reaction. However, the UCB-MSCs show low
immunogenicity, and have immunomodulatory activity
[47, 49]. In addition, previous in vivo studies using UCBMSCs have not shown an immune rejection [22–24, 27].
In this study, there was no adverse reaction resulting
from the rejection response. Second, the lateral meniscectomy and removal of intra-articular osteochondral
loose bodies have also contributed for the improvement
of the pain and function of the patient. However, we believe that the improvement could have not been that
much as in this case without repair of the large and deep
osteochondral defect. Third, meniscal loss (especially at
the lateral compartment) has been considered as the
contraindication of cell-based cartilage repair. However,
we demonstrated that transplantation a composite of
allogeneic UCB-MSCs and HA hydrogel was safe and effective modality for cartilage repair in osteoarthritic
knees in which meniscal loss was combined, which was
maintained more than 7 years without deterioration or
significant adverse events [27]. Therefore, we believe
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that transplantation of the composite of UCB-MSCs and
HA hydrogel is an appropriate modality for cartilage repair even though patients have an meniscal problem.
Fourth, we could not rule out the effect of HA in the
restoration of the osteochondral defect, although the
HA hydrogel was used for delivering the MSCS and
holding the MSCs in place. However, we learned from
the preclinical studies using HA hydrogel with or without UCB-MSCs that the role of HA hydrogel in restoring the articular cartilage defect had been limited and
the composite of UCB-MSCs and HA hydrogel showed
consistently better results [22, 24]. Fifth, with the result
of this case, we cannot tell whether the result of UCBMSCs transplantation is better than ACI-collagen or
matrix-associated ACI [50]. However, considering the
fact that the integrity of the subchondral bone is important for a long term integrity of the overlying articular
cartilage due to the biomechanical environment issue
[51, 52], we believe that the novel option we report here
will be more suitable than ACI or its modifications. Finally, this case may need an even longer term outcome.

Conclusion
The results of this study showed that the transplantation
of the composite of UCB-MSCs and HA hydrogel can be
a viable therapeutic option for the restoration of large
osteochondral defects of the human joint. It can be performed through a one-stage arthroscopy assisted surgery
with a small arthrotomy. The result of this case report
warrants further studies on this novel therapeutic option.
Abbreviations
ACI: Autologous chondrocyte implantation; BM: Bone marrow;
GAG: Glycosaminoglycan; MACI: Matrix-associated ACI; MRI: Magnetic
resonance imaging; MSC: Mesenchymal stem cell; OAT: Osteochondral
autograft transfer; UCB: Umbilical cord blood
Acknowledgements
We thank Tai-Hee Seo BS for her effort in the management of the data.
Funding
This research was supported by a grant of the Korea Health Technology R&D
Project through the Korea Health Industry Development Institute (KHIDI),
funded by the Ministry of Health and Welfare, Republic of Korea (HI14C3484).
The funding sources were not involved in the study design, collection,
analysis or interpretation of the data, writing of the manuscript, or in the
decision to submit the manuscript for publication.
Availability of data and materials
All data supporting the conclusions of this article are included in this published
article. The raw data can be requested from the corresponding author.
Authors’ contributions
YBP wrote the manuscript and performed data collection and data
interpretation. CWH designed and performed the study, and wrote the
manuscript. CHL performed literature search, data collection, made figures,
and helped to write the manuscript. YGP performed literature search, data
interpretation, and helped to write the manuscript. All authors read and
approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.

Park et al. BMC Musculoskeletal Disorders (2017) 18:59

Consent for publication
A written informed consent was obtained from the patient for publication of
this case report and any accompanying images.
Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from patient included in the study.
The study was approved by the institutional review board at investigational
hospital (SMC IRB No.2008-09-053).
Author details
1
Department of Orthopedic Surgery, Chung-Ang University Hospital,
Chung-Ang University College of Medicine, 102 Heukseok-ro, Dongjak-gu,
Seoul 06973, South Korea. 2Department of Orthopaedic Surgery, Samsung
Medical Center, Sungkyunkwan University School of Medicine, 81 Irwon-ro,
Gangnam-gu, Seoul 06351, South Korea. 3Stem Cell & Regenerative Medicine
Institute, Samsung Medical Center, 81 Irwon-ro, Gangnam-gu, Seoul 06351,
South Korea. 4Department of Health Sciences and Technology, SAIHST,
Sungkyunkwan University, Seoul, South Korea. 5Department of Orthopedic
Surgery, Jeju National University Hospital, Jeju National University School of
Medicine, 15 Aran 13-gil, Jeju-si 63241, South Korea.
Received: 7 November 2016 Accepted: 19 January 2017

References
1. Maletius W, Messner K. The effect of partial meniscectomy on the long-term
prognosis of knees with localized, severe chondral damage. A twelve- to
fifteen-year followup. Am J Sports Med. 1996;24:258–62.
2. Alford JW, Cole BJ. Cartilage restoration, part 2: techniques, outcomes, and
future directions. Am J Sports Med. 2005;33:443–60.
3. Lee BI, Kim BM. Concomitant osteochondral autograft transplantation and
fixation of osteochondral fragment for treatment of a massive
osteochondritis dissecans: a report of 8-year follow-up results. Knee surg
relat res. 2015;27:263–8.
4. Seo S-S, Kim C-W, Jung D-W. Management of focal chondral lesion in the
knee joint. Knee surg relat res. 2011;23:185–96.
5. Gomoll AH, Filardo G, de Girolamo L, Espregueira-Mendes J, Marcacci M,
Rodkey WG, Steadman JR, Zaffagnini S, Kon E. Surgical treatment for early
osteoarthritis. Part I: cartilage repair procedures. Knee Surg Sports Traumatol
Arthrosc. 2012;20:450–66.
6. Mobasheri A, Csaki C, Clutterbuck AL, Rahmanzadeh M, Shakibaei M.
Mesenchymal stem cells in connective tissue engineering and regenerative
medicine: applications in cartilage repair and osteoarthritis therapy. Histol
Histopathol. 2009;24:347–66.
7. Gomoll AH, Madry H, Knutsen G, van Dijk N, Seil R, Brittberg M, Kon E. The
subchondral bone in articular cartilage repair: current problems in the surgical
management. Knee Surg Sports Traumatol Arthrosc. 2010;18:434–47.
8. Bedi A, Feeley BT, Williams 3rd RJ. Management of articular cartilage defects
of the knee. J Bone Joint Surg Am. 2010;92:994–1009.
9. Nehrer S, Chiari C, Domayer S, Barkay H, Yayon A. Results of chondrocyte
implantation with a fibrin-hyaluronan matrix: a preliminary study. Clin
Orthop Relat Res. 2008;466:1849–55.
10. Nakamura N, Miyama T, Engebretsen L, Yoshikawa H, Shino K. Cell-based
therapy in articular cartilage lesions of the knee. Arthroscopy. 2009;25:531–52.
11. Bentley G, Biant LC, Carrington RW, Akmal M, Goldberg A, Williams AM,
Skinner JA, Pringle J. A prospective, randomised comparison of autologous
chondrocyte implantation versus mosaicplasty for osteochondral defects in
the knee. J Bone Joint Surg (Br). 2003;85:223–30.
12. Kon E, Vannini F, Buda R, Filardo G, Cavallo M, Ruffilli A, Nanni M, Di Martino
A, Marcacci M, Giannini S. How to treat osteochondritis dissecans of the
knee: surgical techniques and new trends: AAOS exhibit selection. J Bone
Joint Surg Am. 2012;94:e1(1-8).
13. Bugbee W, Cavallo M, Giannini S. Osteochondral allograft transplantation in
the knee. J Knee Surg. 2012;25:109–16.
14. Minguell JJ, Erices A, Conget P. Mesenchymal stem cells. Exp Biol Med
(Maywood). 2001;226:507–20.

Page 8 of 9

15. Kode JA, Mukherjee S, Joglekar MV, Hardikar AA. Mesenchymal stem cells:
immunobiology and role in immunomodulation and tissue regeneration.
Cytotherapy. 2009;11:377–91.
16. Adachi N, Ochi M, Deie M, Ito Y. Transplant of mesenchymal stem cells and
hydroxyapatite ceramics to treat severe osteochondral damage after septic
arthritis of the knee. J Rheumatol. 2005;32:1615–8.
17. Buda R, Vannini F, Cavallo M, Grigolo B, Cenacchi A, Giannini S.
Osteochondral lesions of the knee: a new one-step repair technique with
bone-marrow-derived cells. J Bone Joint Surg Am. 2010;92 Suppl 2:2–11.
18. Malgieri A, Kantzari E, Patrizi MP, Gambardella S. Bone marrow and umbilical
cord blood human mesenchymal stem cells: state of the art. Int J Clin Exp
Med. 2010;3:248–69.
19. Kern S, Eichler H, Stoeve J, Kluter H, Bieback K. Comparative analysis of
mesenchymal stem cells from bone marrow, umbilical cord blood, or
adipose tissue. Stem Cells. 2006;24:1294–301.
20. Lee DH, Ahn Y, Kim SU, Wang KC, Cho BK, Phi JH, Park IH, Black PM, Carrol
RS, Lee J, Kim SK. Targeting Rat brainstem glioma using human neural stem
cells and human mesenchymal stem cells. Clin Cancer Res. 2009;15:4925–34.
21. Bieback K, Kluter H. Mesenchymal stromal cells from umbilical cord blood.
Curr Stem Cell Res Ther. 2007;2:310–23.
22. Park YB, Song M, Lee CH, Kim JA, Ha CW. Cartilage repair by human
umbilical cord blood-derived mesenchymal stem cells with different
hydrogels in a rat model. J Orthop Res. 2015;33:1580–6.
23. Ha CW, Park YB, Chung JY, Park YG. Cartilage repair using composites of
human umbilical cord blood-derived mesenchymal stem cells and hyaluronic
acid hydrogel in a minipig model. Stem Cells Transl Med. 2015;4:1044–51.
24. Chung JY, Song M, Ha CW, Kim JA, Lee CH, Park YB. Comparison of articular
cartilage repair with different hydrogel-human umbilical cord blood-derived
mesenchymal stem cell composites in a rat model. Stem Cell Res Ther.
2014;5:39.
25. Park YB, Ha CW, Kim JA, Han WJ, Rhim JH, Lee HJ, Kim KJ, Park YG, Chung JY.
Single-stage cell-based cartilage repair in a rabbit model: cell tracking and in
vivo chondrogenesis of human umbilical cord blood-derived mesenchymal
stem cells and hyaluronic acid hydrogel composite. Osteoarthritis Cartilage.
2016. doi:10.1016/j.joca.2016.10.012. [Epub ahead of print].
26. Park YB, Ha CW, Kim JA, Rhim JH, Park YG, Chung JY, Lee HJ. Effect of
transplanting various concentrations of a composite of human umbilical
cord blood-derived mesenchymal stem cells and hyaluronic acid hydrogel
on articular cartilage repair in a rabbit model. PLoS One. 2016;11:e0165446.
27. Park YB, Ha CW, Lee CH, Yoon YC, Park YG: Cartilage Regeneration in
Osteoarthritic Patients by a Composite of Allogeneic Umbilical Cord BloodDerived Mesenchymal Stem Cells and Hyaluronate Hydrogel: Results From a
Clinical Trial for Safety and Proof-of-Concept With 7 Years of Extended
Follow-Up. Stem Cells Transl Med. 2016. [Epub ahead of print].
28. Malanga GA, Andrus S, Nadler SF, McLean J. Physical examination of the
knee: a review of the original test description and scientific validity of
common orthopedic tests. Arch Phys Med Rehabil. 2003;84:592–603.
29. Yang S-E, Ha C-W, Jung M, Jin H-J, Lee M, Song H, Choi S, Oh W, Yang Y-S.
Mesenchymal stem/progenitor cells developed in cultures from UC blood.
Cytotherapy. 2004;6:476–86.
30. Watanabe A, Wada Y, Obata T, Ueda T, Tamura M, Ikehira H, Moriya H.
Delayed gadolinium-enhanced MR to determine glycosaminoglycan
concentration in reparative cartilage after autologous chondrocyte
implantation: preliminary results. Radiology. 2006;239:201–8.
31. Moran CJ, Pascual-Garrido C, Chubinskaya S, Potter HG, Warren RF, Cole
BJ, Rodeo SA. Restoration of articular cartilage. J Bone Joint Surg Am.
2014;96:336–44.
32. Biant LC, McNicholas MJ, Sprowson AP, Spalding T. The surgical management
of symptomatic articular cartilage defects of the knee: consensus statements
from united kingdom knee surgeons. Knee. 2015;22:446–9.
33. Mithoefer K, McAdams T, Williams RJ, Kreuz PC, Mandelbaum BR. Clinical
efficacy of the microfracture technique for articular cartilage repair in the knee:
an evidence-based systematic analysis. Am J Sports Med. 2009;37:2053–63.
34. Lynch TS, Patel RM, Benedick A, Amin NH, Jones MH, Miniaci A. Systematic
review of autogenous osteochondral transplant outcomes. Arthroscopy.
2015;31:746–54.
35. Brittberg M, Lindahl A, Nilsson A, Ohlsson C, Isaksson O, Peterson L.
Treatment of deep cartilage defects in the knee with autologous
chondrocyte transplantation. N Engl J Med. 1994;331:889–95.
36. Bartlett W, Skinner JA, Gooding CR, Carrington RW, Flanagan AM, Briggs TW,
Bentley G. Autologous chondrocyte implantation versus matrix-induced

Park et al. BMC Musculoskeletal Disorders (2017) 18:59

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.
48.

49.

50.

51.

52.

autologous chondrocyte implantation for osteochondral defects of the knee: a
prospective, randomised study. J Bone Joint Surg (Br). 2005;87:640–5.
Zeifang F, Oberle D, Nierhoff C, Richter W, Moradi B, Schmitt H. Autologous
chondrocyte implantation using the original periosteum-cover technique
versus matrix-associated autologous chondrocyte implantation: a
randomized clinical trial. Am J Sports Med. 2010;38:924–33.
Martin JA, Buckwalter JA. The role of chondrocyte senescence in the
pathogenesis of osteoarthritis and in limiting cartilage repair. J Bone Joint
Surg Am. 2003;85-A Suppl 2:106–10.
Pastides P, Chimutengwende-Gordon M, Maffulli N, Khan W. Stem cell
therapy for human cartilage defects: a systematic review. Osteoarthritis
Cartilage. 2013;21:646–54.
Lam J, Lu S, Lee EJ, Trachtenberg JE, Meretoja VV, Dahlin RL, van den
Beucken JJ, Tabata Y, Wong ME, Jansen JA, Mikos AG, Kasper FK.
Osteochondral defect repair using bilayered hydrogels encapsulating both
chondrogenically and osteogenically pre-differentiated mesenchymal stem
cells in a rabbit model. Osteoarthritis Cartilage. 2014;22:1291–300.
Lim CT, Ren X, Afizah MH, Tarigan-Panjaitan S, Yang Z, Wu Y, Chian KS,
Mikos AG, Hui JH. Repair of osteochondral defects with rehydrated freezedried oligo [poly (ethylene glycol) fumarate] hydrogels seeded with bone
marrow mesenchymal stem cells in a porcine model. Tissue Eng Part A.
2013;19:1852–61.
Zscharnack M, Hepp P, Richter R, Aigner T, Schulz R, Somerson J, Josten C,
Bader A, Marquass B. Repair of chronic osteochondral defects using
predifferentiated mesenchymal stem cells in an ovine model. Am J Sports
Med. 2010;38:1857–69.
Loken S, Jakobsen RB, Aroen A, Heir S, Shahdadfar A, Brinchmann JE,
Engebretsen L, Reinholt FP. Bone marrow mesenchymal stem cells in a
hyaluronan scaffold for treatment of an osteochondral defect in a rabbit
model. Knee Surg Sports Traumatol Arthrosc. 2008;16:896–903.
Alvarez-Viejo M, Menendez-Menendez Y, Blanco-Gelaz MA, Ferrero-Gutierrez
A, Fernandez-Rodriguez MA, Gala J, Otero-Hernandez J. Quantifying
mesenchymal stem cells in the mononuclear cell fraction of bone marrow
samples obtained for cell therapy. Transplant Proc. 2013;45:434–9.
Gikas PD, Aston WJ, Briggs TW. Autologous chondrocyte implantation:
where do we stand now? J Orthop Sci. 2008;13:283–92.
Lee M, Jeong SY, Ha J, Kim M, Jin HJ, Kwon SJ, Chang JW, Choi SJ, Oh W,
Yang YS, Kim JS, Jeon HB. Low immunogenicity of allogeneic human
umbilical cord blood-derived mesenchymal stem cells in vitro and in vivo.
Biochem Biophys Res Commun. 2014;446:983–9.
Flynn A, Barry F, O’Brien T. UC blood-derived mesenchymal stromal cells: an
overview. Cytotherapy. 2007;9:717–26.
Jeong SY, Kim DH, Ha J, Jin HJ, Kwon SJ, Chang JW, Choi SJ, Oh W, Yang YS,
Kim G, Kim JS, Yoon JR, Cho DH, Jeon HB. Thrombospondin-2 secreted by
human umbilical cord blood-derived mesenchymal stem cells promotes
chondrogenic differentiation. Stem Cells. 2013;31:2136–48.
Secco M, Zucconi E, Vieira NM, Fogaca LL, Cerqueira A, Carvalho MD,
Jazedje T, Okamoto OK, Muotri AR, Zatz M. Multipotent stem cells from
umbilical cord: cord is richer than blood! Stem Cells. 2008;26:146–50.
Goyal D, Goyal A, Keyhani S, Lee EH, Hui JH. Evidence-based status of
second-and third-generation autologous chondrocyte implantation over
first generation: a systematic review of level I and II studies. Arthroscopy.
2013;29:1872–8.
Mrosek E, Lahm A, Erggelet C, Uhl M, Kurz H, Eissner B, Schagemann J.
Subchondral bone trauma causes cartilage matrix degeneration: an
immunohistochemical analysis in a canine model. Osteoarthr Cartil. 2006;14:171–8.
Li G, Yin J, Gao J, Cheng TS, Pavlos NJ, Zhang C, Zheng MH. Subchondral
bone in osteoarthritis: insight into risk factors and microstructural changes.
Arthritis Res Ther. 2013;15:1–12.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

