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Background: There is a paucity of literature reporting clinical and magnetic resonance imaging (MRI) outcomes after allogeneic
umbilical cord blood–derived mesenchymal stem cell (UCB-MSC) implantation for chondral defects of the knee.

Purpose: To report clinical and MRI outcomes after UCB-MSC implantation for chondral lesions of the knee.

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

Methods: Inclusion criteria were patients aged between 40 and 70 years with focal chondral lesions of grade 3 or 4 on the medial
femoral condyle, defect sizes >4 cm2, and intact ligaments. Exclusion criteria were patients who required realignment osteotomy
or who had a meniscal deficiency, ligamentous instability, or a concomitant full-thickness chondral defect in the lateral or patel-
lofemoral compartment. A mixture of human UCB-MSCs and sodium hyaluronate was implanted into the chondral defect through
mini-arthrotomy. MRI at 1-year follow-up was performed to evaluate repaired cartilage hypertrophy. Repaired cartilage thickness
was measured, and hypertrophy was classified as grade 1 (<125%), grade 2 (<150%), or grade 3 (<200%). Patient-reported
outcomes (PROs; International Knee Documentation Committee, visual analog scale for pain, and Western Ontario and McMaster
Universities Osteoarthritis Index) were evaluated preoperatively and at 1, 2, and 3 years postoperatively. Repaired cartilage
hypertrophy was evaluated for a correlation with PRO scores.

Results: Enrolled were 85 patients with a mean age of 56.8 ± 6.1 years and a mean chondral defect size of 6.7 ± 2.0 cm2. At follow-
up, a significant improvement in all PRO scores was seen compared with preoperatively (P < .001 for all). MRI at 1-year follow-up
demonstrated that 28 patients had grade 1 repaired cartilage hypertrophy, 41 patients had grade 2, and 16 patients had grade 3.
MRI performed in 11 patients at 2 years after surgery indicated no difference in repaired cartilage hypertrophy between the 1- and
2-year time points. The grade of repaired cartilage hypertrophy did not correlate with PRO scores.

Conclusion: Clinical outcomes improved significantly at short-term follow-up after UCB-MSC implantation. Although all patients
showed repaired cartilage hypertrophy, it did not correlate with clinical outcomes.
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The treatment of large chondral defects in the knee is chal-
lenging. Several surgical options exist to address these
lesions. Autologous chondrocyte implantation (ACI) has
been a treatment option since the late 1980s.1 First-
generation ACI using a periosteal flap (ACI-P) has demon-
strated good long-term results over 10 years.26 However,
ACI-P has been blamed for a high rate of graft hypertrophy
that is reported as being up to 36% in the literature.18 Cov-
erage of the chondral lesion using a periosteal flap has been
known to be the primary cause of graft hypertrophy. Second-

generation ACI using a type I or III collagen membrane
(ACI-C) next emerged in the market and decreased graft
hypertrophy significantly.16 Matrix-induced ACI (MACI) is
a third-generation technique in which chondrocytes are
seeded onto an absorbable matrix. However, graft hypertro-
phy is still observed after MACI but does not affect the clin-
ical outcome.27

Mesenchymal stem cell (MSC) treatment is an alternative
option for cartilage repair.20 MSCs can be collected from the
bone marrow, adipose tissue, and the synovial membrane.20

Intra-articular injections of MSCs are popular because their
harvest is relatively easy and also MSCs have the potential
to differentiate into chondral tissue.25 However, a recent
meta-analysis demonstrated that an intra-articular MSC
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injection has limited evidence for pain relief and functional
improvement in knee osteoarthritis.14

Umbilical cord blood is another source of MSCs. Human
umbilical cord blood–derived MSCs (UCB-MSCs) exhibit
high proliferation rates, can be expanded for many
population doublings, and are hypoimmunogenic and
nontumorigenic.6 Harvesting from the patient and isolation
procedures are unnecessary because UCB-MSCs are allo-
geneic. A collagen membrane or matrix is not used in
UCB-MSC implantation. This procedure has demonstrated
satisfactory clinical outcomes at short-term follow-up2,3,29;
however, there is a paucity of literature reporting clinical
and magnetic resonance imaging (MRI) outcomes after
UCB-MSC implantation.

The purpose of this study was to report clinical and MRI
outcomes after UCB-MSC implantation for chondral
lesions of the knee. It was hypothesized that clinical and
MRI outcomes after UCB-MSC implantation would be
satisfactory.

METHODS

Study Patients

This study retrospectively evaluated patients who under-
went UCB-MSC implantation between January 2014 and
November 2016. Patients who had a large chondral defect
of the medial femoral condyle and were symptomatic after
nonoperative treatment were indicated for UCB-MSC
implantation. Inclusion criteria were patients aged
between 40 and 70 years, chondral lesions of Outerbridge
grade 3 or 4 on the medial femoral condyle, defect sizes
>4 cm2, and intact ligaments. We excluded patients who
required realignment osteotomy or who had a meniscal
deficiency, ligamentous instability, or a concomitant full-
thickness chondral defect in the lateral or patellofemoral
compartment. Small chondral lesions of the medial tibial
plateau (<1-2 cm2) were included; however, lesions
>2 cm2 were excluded. The protocol for this retrospective
study received institutional review board approval, and all
patients signed an informed consent form.

Preparation of Allogeneic MSCs

Human UCB was collected from umbilical veins after
neonatal delivery, with informed consent from pregnant
mothers. The mean donor age was 31 years. Cell isolation
and culture procedures were performed at a commercial

company (Medipost). UCB was isolated by separating
mononuclear cells with Ficoll-Hypaque solution (Sigma-
Aldrich). The separated mononuclear cells were washed
and suspended in minimum essential medium alpha
(Gibco/Invitrogen) supplemented with 10% fetal bovine
serum (Gibco/Invitrogen). Cultures were maintained at
37�C in a humidified atmosphere containing 5% CO2, and
the culture medium was changed twice a week. Cells were
verified for positive (CD29, CD73, CD90, CD105, CD166)
and negative (CD14, CD45) surface markers by flow cyto-
metry. Human UCB-MSCs at passage 6 were used as a
stem cell drug (CARTISTEM; Medipost). The mean viabil-
ity of UCB-MSCs was 95%. The prepared stem cell drug
was implanted after a mean of 5 days. The therapeutic
dosage of the stem cell drug was 500 mL/cm2 of the defect
area, with a cell concentration of 0.5 � 107 cells/mL. There
were 3 types of stem cells used for the patients enrolled in
this study. Before implantation, UCB-MSCs and sodium
hyaluronate were mixed according to the manufacturer’s
instructions.

Surgical Procedure

Routine anteromedial and anterolateral portals were cre-
ated, and meniscectomy was performed if necessary.
Although meniscectomy may not improve clinical outcomes
in knees with chondral lesions, unstable meniscal fragments
were removed concomitantly. After mini-arthrotomy was
performed, the chondral defect was debrided using a motor-
ized shaver, and the size of the defect was measured. Multi-
ple holes with a 4-mm diameter were created approximately
2 mm apart using a drill bit described by Park et al.24

A mixture of sodium hyaluronate and UCB-MSCs was
implanted into the holes and trimmed to the height of the
surrounding cartilage (Figure 1). The arthrotomy site was
closed 5 minutes after implantation. Continuous passive
motion exercise was recommended after postoperative day
1 and was allowed for 30 minutes per day for 6 weeks. Partial
weightbearing was recommended until 6 weeks postopera-
tively, and gradual increases in weightbearing were allowed
thereafter.

MRI Evaluation

MRI (1.5 T) at 1-year follow-up was performed to evaluate
repaired cartilage hypertrophy. The imaging sequences
were axial T2-weighted images, sagittal short-tau inver-
sion recovery (STIR) and proton density–weighted images,
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and coronal STIR and proton density–weighted images.
Structural repair was evaluated using the modified
MOCART (magnetic resonance observation of cartilage
repair tissue) score.13 Repaired cartilage thickness was
measured by an experienced musculoskeletal radiologist
(K.T.H.) as described by Kreuz et al18 (Figure 2). The thick-
est areas of the repaired cartilage were measured in 3
regions, and the thickness of the healthy surrounding car-
tilage was measured in the same manner. A mean value
was calculated from the 3 measurements. The relative
repaired cartilage thickness was calculated as a ratio
between the repaired cartilage thickness and the thickness
of the healthy surrounding cartilage. Hypertrophy was
classified as grade 1 (<125%), grade 2 (<150%), or grade
3 (<200%) according to Kreuz et al.18 The measurements
were performed on a picture archiving and communication
system (GE Healthcare).

Patient-Reported Outcomes and Second-Look
Arthroscopic Examination

Patient-reported outcomes (PROs) including the Interna-
tional Knee Documentation Committee (IKDC), visual
analog scale (VAS) for pain, and Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
scores were evaluated preoperatively and at 1, 2, and
3 years postoperatively. A second-look arthroscopic exami-
nation at 1 year postoperatively was performed. Consent
for second-look arthroscopic surgery was received from all
patients before UCB-MSC implantation. The cartilage
repair site was evaluated according to the International
Cartilage Regeneration & Joint Preservation Society

(ICRS) classification.11 The ICRS ratings are normal (grade
1), nearly normal (grade 2), abnormal (grade 3), and
severely abnormal (grade 4). The ICRS grade was deter-
mined based on the agreement of 2 orthopaedic surgeons
who were not involved in surgery.

Statistical Analysis

The IKDC, VAS, and WOMAC scores preoperatively and at
1, 2, and 3 years after surgery were compared using the
Mann-Whitney test. The Pearson correlation test was used
between repaired cartilage hypertrophy and patient factors
(size of the chondral defect, body mass index [BMI], and
age). Analysis of variance was performed to compare post-
operative PRO scores among 3 groups according to repaired
cartilage hypertrophy. All analyses were performed using
SPSS software (SPSS for Windows version 12.0; IBM), and
significance was assumed at P < .05.

RESULTS

A total of 85 patients were enrolled in this study. There
were 20 (23.5%) male and 65 (76.5%) female patients. The
mean age of the patients at the time of surgery was 56.8 ±
6.1 years. The mean BMI was 25.7 ± 2.6 kg/m2. The mean
size of the chondral defect was 6.7 ± 2.0 cm2. Chondroma-
lacia of the lateral and palletofemoral compartment was a
concomitant lesion. Eight patients had grade 2 chondroma-
lacia in the lateral compartment, and 50 patients had
grade 2 chondromalacia and 20 patients had grade 3

Figure 1. A mixture of sodium hyaluronate and umbilical
cord blood–derived mesenchymal stem cells was implanted
into the prepared lesion of the medial femoral condyle in
a right knee.

Figure 2. The relative repaired cartilage thickness was calcu-
lated as a ratio between the repaired cartilage thickness
(asterisk) and the thickness of the healthy surrounding carti-
lage on the sagittal view. The brown and blue areas represent
repaired and healthy cartilage, respectively. The height of the
cartilage was measured at each white line and the mean was
calculated.
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chondromalacia in the patellofemoral compartment. Menis-
cectomy was performed in 28 medial menisci and 11 lateral
menisci. Arthroscopic lateral release was performed in 70
patients. Lateral retinacular release was performed to alle-
viate symptoms during deep flexion of the knee. On 1-year
MRI, the mean modified MOCART score was 56.0 ± 3.5 of a
maximum score of 100. All patients demonstrated repaired
cartilage hypertrophy: 28 (33.0%) patients had grade 1
repaired cartilage hypertrophy, 41 (48.2%) had grade 2, and
16 (18.8%) had grade 3 (Figure 3). There were no patients
with grade 4 hypertrophy. There were 3 patients with a
subchondral cyst and 1 patient with subchondral sclerosis.

There was no patient showing intralesional osteophytes.
Repaired cartilage hypertrophy did not correlate with the
size of the chondral defect, BMI, or age. The IKDC, VAS,
and WOMAC scores at 3 years after surgery improved sig-
nificantly compared with those before surgery (P < .001
for all). These scores improved significantly every year
(Figure 4). The postoperative IKDC, VAS, and WOMAC
scores did not differ significantly among the 3 groups
according to repaired cartilage hypertrophy (Figure 5), and
repaired cartilage hypertrophy was not correlated with
these scores. MRI was performed in 11 (12.9%) patients at
2 years after surgery. In these patients, repaired cartilage

Figure 3. Repaired cartilage hypertrophy on magnetic resonance imaging at 1 year after surgery: (A) grade 1, (B) grade 2,
and (C) grade 3.

Figure 4. International Knee Documentation Committee (IKDC), visual analog scale (VAS), and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scores preoperatively and at 1, 2, and 3 years postoperatively. Each asterisk means that
each score improved significantly compared to the previous year. Postop, postoperatively; Preop, preoperatively.

Figure 5. International Knee Documentation Committee (IKDC), visual analog scale (VAS), and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scores preoperatively and at 1, 2, and 3 years postoperatively according to the grade of
repaired cartilage hypertrophy. Postop, postoperatively; Preop, preoperatively.
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hypertrophy did not differ between 1 and 2 years after sur-
gery (P ¼ .953). The second-look arthroscopic examination
at 1 year after surgery revealed that the repaired cartilage
was classified as grade 1 in 49 patients, grade 2 in 26
patients, and grade 3 in 10 patients. None of the patients
complained of persistent popping, clicking, or catching, and
none of the patients had infections or underwent additional
arthroscopic surgery after CARTISTEM implantation.

DISCUSSION

The most important finding of this study was that all
patients who underwent human UCB-MSC implantation
showed satisfactory clinical and MRI outcomes. Postopera-
tive IKDC, VAS, and WOMAC scores improved significantly,
regardless of the degree of repaired cartilage hypertrophy.
Repaired cartilage hypertrophy was not correlated with
these scores, the size of the chondral defect, or age.

ACI is an effective therapeutic option for chondral
defects of the knee. However, the difficulty in obtaining a
suitable number of chondrocytes, the slow rate of cartilage
cell proliferation, and the high rate of graft hypertrophy
are limitations.28 Compared with UCB-MSCs, primary
cells from aged patients show impaired proliferation
capacity and the chondrogenic commitment of cultured
chondrocytes.7 Therefore, UCB-MSC implantation may be
an alternative treatment method for chondral defects of the
knee in older patients.

Clinical outcomes after UCB-MSC implantation have
been recently reported in the literature. Song et al29 per-
formed UCB-MSC implantation in 25 patients, with a mean
age of 64.9 ± 4.4 years and a mean chondral defect size in
the medial femoral condyle of 7.2 ± 1.9 cm2. They found that
age <65 years and a larger chondral defect size were asso-
ciated with a significantly greater improvement in IKDC,
VAS, and WOMAC scores at 2 years. Dilogo et al3 found
that the IKDC score increased significantly and the
WOMAC score decreased significantly at 6 months after
an injection of UCB-MSCs and sodium hyaluronate. Chung
et al2 performed 93 UCB-MSC implantation procedures
and followed patients for a mean of 1.7 years. They found
that the median IKDC subjective score significantly
improved from 39.0 to 71.3 and the WOMAC score from
44.5 to 11.0. Cartilage regeneration at second-look arthro-
scopic surgery showed that 8.2% of patients improved to
ICRS grade 1 and 69.3% to ICRS grade 2. In the current
study, PROs improved significantly every year and were
comparable with those in previous ACI studies.19,21,22

To the best of our knowledge, repaired cartilage hyper-
trophy after UCB-MSC implantation has not been reported
in the literature. Graft hypertrophy is the most common
complication of ACI-P.27,30 The periosteum is thought to
be the major cause of graft hypertrophy. The periosteum
can promote cartilage formation because the cambium
layer contains growth factors and chondrogenic precursor
cells.30 Kreuz et al18 reported that the incidence of graft
hypertrophy on MRI at 6 months after ACI-P was 28%. In
a multicenter study, Gomoll et al8 reported that 25.7% of
patients treated with ACI-P required a reoperation for

hypertrophy. Gooding et al9 reported that 36.4% of the
ACI-P group required debridement of graft hypertrophy
during second-look arthroscopic surgery. The use of a col-
lagen membrane decreased the incidence of graft hypertro-
phy. Gomoll et al reported that 5% of patients required a
reoperation for hypertrophy after ACI-C within 1 year of
surgery. Gooding et al reported that none of the 35 patients
in the ACI-C group required debridement of graft hypertro-
phy during second-look arthroscopic surgery. However,
the incidence of graft hypertrophy after MACI was similar
to that after ACI-P. Ebert et al4 reported that 22.6% of
patients had asymptomatic graft hypertrophy at 5 years
after MACI. Pietschmann et al27 reported that graft hyper-
trophy developed in 25% of patients treated with MACI
within a postoperative course of 1 year.

In the current study, 28 (33.0%) patients showed grade 1
repaired cartilage hypertrophy, 41 (48.2%) showed grade 2,
and 16 (18.8%) showed grade 3. All patients showed
repaired cartilage hypertrophy at 1 year after surgery.
Compared with many studies on ACI-P, ACI-C, and MACI,
the incidence of repaired cartilage hypertrophy was
high.4,8,9,16,26,27,30 The exact reason why UCB-MSC implan-
tation revealed a high incidence of repaired cartilage hyper-
trophy is not known yet. First, multiple 4-mm holes made
on the subchondral bone might be a reason. However, there
is controversy concerning the diameter of microfracture
holes. A translational animal model study showed that a
small-diameter microfracture awl led to significantly
improved histological repair tissue quality and surface
grading compared with larger awls.23 Another animal
model study reported that the bone marrow stimulation
technique did not improve by changing the depth or diam-
eter of the holes.15 Second, the use of UCB-MSCs rather
than autologous chondrocytes for the treatment of chondral
defects may be an explanation for the high incidence of
repaired cartilage hypertrophy. UCB-MSCs have a high
rate of cell proliferation and low senescence. Jin et al12

compared human bone marrow–derived MSCs, adipose
tissue–derived MSCs, and UCB-MSCs for surface antigen
expression, differentiation ability, proliferation capacity,
clonality, tolerance for aging, and paracrine activity.
Although MSCs from different types of tissue have similar
levels of surface antigen expression, immunosuppressive
activity, and differentiation ability, UCB-MSCs have the
highest rate of cell proliferation and clonality and signifi-
cantly lower expression of markers for senescence.

The timing of graft hypertrophy development was not
completely established. Most authors reported the presence
of hypertrophy within the first year postoperatively.10,18,27

Pietschmann et al27 reported that graft hypertrophy
occurred primarily in the first 12 months and regressed
in most cases within 2 years. All cases of graft hypertrophy
in their study developed within 12 months postoperatively
and in 75% of the cases within the first 6 months. All cases
of grade 1 graft hypertrophy regressed within the second
postoperative year. A progression to grade 2 graft hypertro-
phy was observed in only 1 case. In patients who developed
grade 2 graft hypertrophy, hypertrophy persisted within
the 24-month postoperative phase. Kreuz et al18 reported
that graft hypertrophy of grade 3 and 4 was no longer

The Orthopaedic Journal of Sports Medicine MRI Outcomes After Cord Blood Stem Cell Implantation 5



detectable after 36 months and that the number of patients
with grade 2 hypertrophy decreased from 11 to 5. They sug-
gested that minimal grade 1 and 2 hypertrophic changes
may diminish over time without a surgical intervention.
However, Ebert et al5 reported that hypertrophic grafts after
MACI continued to develop through 24 months after sur-
gery. In their study, 50 of 180 patients demonstrated graft
hypertrophy: 9 grafts (5.0%) at 3 months, 32 grafts (18.7%)
at 12 months, and 47 grafts (26.1%) at 24 months.

Limitations

We acknowledge some limitations in this study. First, the
repaired cartilage thickness was measured 1 year after
surgery. New repaired cartilage hypertrophy may be found
after 1 year. Niethammer et al22 reported that 75% of their
patients developed graft hypertrophy in the first year after
ACI. In 25%, additional graft hypertrophy was found at
24 months postoperatively. Changes in graft thickness
were not evaluated on serial MRI. Second, there was no
control group treated by arthroscopic debridement or mar-
row stimulation. However, clinical outcomes after micro-
fracture in older patients, especially with large chondral
lesions, have been unsatisfactory.17 Therefore, a compari-
son between UCB-MSC implantation and microfracture in
older patients seems to be inappropriate. Third, the quality
of the repaired cartilage was not investigated by a biopsy or
T2 mapping. The quality of the repaired cartilage can be an
important factor to long-term durability. The durability of
the repaired cartilage was not proven at midterm or long-
term follow-up. Fourth, the timing of follow-up MRI did not
match that of the collection of PRO scores. Fifth, younger
patients were excluded from this study. Autologous osteo-
chondral graft transfer or matrix-induced chondrogenesis
is a preferred treatment method for young patients with
large chondral defects. ACI and osteochondral allografts
are not available in our country. HCB-MSC implantation
is usually not recommended for young patients. Finally,
lateral retinacular release was performed to alleviate
symptoms during deep flexion of the knee, although its
value has been questioned in the literature. Partial menis-
cectomy of the lateral meniscus was performed to prevent
potential symptoms, although patients were asymptomatic
at the time of HCB-MSC implantation. Concomitant sur-
gery at the time of UCB-MSC implantation could affect
PROs at follow-up and was a bias of this study.

CONCLUSION

Clinical outcomes improved significantly at short-term
follow-up after UCB-MSC implantation. Although all
patients showed repaired cartilage hypertrophy, it did not
correlate with clinical outcomes.
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