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Abstract Objective The present study evaluated the clinical outcomes and satisfaction of
patients undergoing fresh homologous osteochondral transplantation in the knee as a
salvage method.
Methods We analyzed eight knees from seven male patients who underwent fresh
homologous osteochondral transplantation by a single surgeon. Their follow-up period
ranged from 10months to 5 years and 5months. Clinical outcomes included the scores
on the International Knee Documentation Committee (IKDC) and on the quality-of-life
item of the Knee and Osteoarthritis Outcome Score (KOOS-QoL).
Result The sample consisted of complex cases since all operated knees had under-
gone previous surgeries. Functional improvement was variable, with six out of the
seven operated patients showing statistically significant clinical improvement accord-
ing to the IKDC score, and a single patient reported being moderately satisfied with the
procedure. The quality-of-life item from the KOOS score improved in all patients. There
was no failure, need for reintervention, or infection.
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Introduction

Hyaline cartilage is an avascular tissue supplied by the
diffusion of synovial fluid.1 It has limited healing potential
and low regenerative capacity.2 Thus, the natural history of
full-thickness articular cartilage lesions has poor outcomes,
especially in young subjects.3

Several reparative procedures stimulating bone marrow
have been used to treat articular cartilage lesions, producing
fibrocartilage tissue of inferior quality to the articular carti-
lage,4 and their outcomes were lower in large lesions (>
3 cm2).5 For this reason, the ideal treatment for a focal
cartilage lesion involves restoring the structure of the hya-
line cartilage,2 integrating the tissue into its periphery and
the subchondral bone4 to generate the lowest possible
morbidity and a longer symptom-free period.2

It is an “immune-privileged” tissue because its chondro-
cytes are embedded in an acellular matrix, with relative
protection from the immune system.6,7 In addition, it is
non-neural structure, which makes it an ideal tissue for
transplantation.1

Fresh osteochondral transplantation allows treating ex-
tensive cartilage lesions and, in a single surgical procedure,
restores the articular surface congruence with no donor site
morbidity.2 The objective of the current study was to evalu-
ate the clinical outcome and satisfaction of a series of
patients who underwent fresh homologous osteochondral

transplantation in the knee as a salvage method with a
minimum postoperative follow-up period of 10 months.

Materials and Methods

After obtaining approval from the Ethics Committee, we
identified seven patients, including one treated bilaterally
(eight knees), who underwent fresh homologous osteochon-
dral transplantation in the knee. This prospective study had a
minimum postoperative follow-up period of 10 months. We
assessed all patients before and after surgery using the
International Knee Documentation Committee (IKDC) score
and the quality-of-life item from the Knee and Osteoarthritis
Outcome Score (KOOS-QoL). We applied the questionnaires
to each patient preoperatively and then, at 6, 12, 24 months,
and 5 years of postoperative follow-up.

The pairing between the recipient’s and donor’s knees
used anteroposterior and lateral radiographs.1 Donor tis-
sues came from the tissue banks of Instituto Nacional de
Traumatologia e Ortopedia (INTO) and F. E. Godoy Moreira
from Hospital das Clínicas, Faculdade de Medicina, Univer-
sidade de São Paulo (HC-FMUSP). Because of the cellular
viability of chondrocytes in the donor tissue, the transplant
occurred up to 4 weeks after its collection and preparation,4

These tissues were under refrigeration at 4o C with no
freezing8 and no requirement for immunosuppressive
therapy.9

Conclusion Fresh homologous osteochondral transplantation is a safe salvage meth-
od in our setting to treat large lesions and those with failed previous procedures.
Despite the small sample of this case series, most clinical outcomes were positive and
had no complications.

Resumo Objetivo Avaliar o desfecho clínico e a satisfação dos pacientes submetidos ao
transplante osteocondral homólogo a fresco no joelho como método de salvação.
Métodos Foram analisados no pré-operatório 8 joelhos de 7 pacientes do sexo
masculino que foram submetidos ao transplante osteocondral homólogo a fresco
por um único cirurgião e acompanhados por um período que variou entre 10 meses e 5
anos e 5 meses. Os desfechos clínicos utilizaram os escores no International Knee
Documentation Committee (IKDC) e no item qualidade de vida do Knee and Osteoar-
thritis Outcome Score (KOOS-QV).
Resultado A amostra analisada consistiu em casos complexos, todos com cirurgias
prévias nos joelhos operados. A melhora da função variou, sendo que seis dos sete
pacientes operados apresentaram melhora clínica estatisticamente significante, de
acordo com o escore IKDC, e um único paciente se definiu como moderadamente
satisfeito com o procedimento. Todos os pacientes avaliados apresentarammelhora no
item qualidade de vida avaliado pelo escore KOOS. Não houve falha, necessidade de
reabordagem dos pacientes operados, ou ocorrência de infecção.
Conclusão O transplante osteocondral homólogo a fresco é um método de salvação
seguro no nossomeio para tratar lesões grandes e com falha de procedimentos prévios.
Apesar da pequena amostra desta série de casos, a maioria dos desfechos clínicos
foram positivos e sem complicações associadas.

Palavras-chave

► aloenxertos
► cartilagem articular
► joelho/cirurgia
► osteocondrite
► transplante

homólogo
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We indicated fresh osteochondral transplantation for
osteochondral lesions>2 cm2 in diameter, classified as
grade III or IV by the International Cartilage Repair Society
(ICRS). The most common lesion was osteochondritis dis-
secans (OCD) in themedial femoral condyle (MFC). However,
we also diagnosed MFC osteonecrosis (ON), patellar degen-
erative lesion resulting from patellofemoral instability (PFI),
failure of a previous synthetic implant (SaluCartilage -
SaluMedica, LLC, Atlanta, GA, USA) in the MFC and trochlea,
and posttraumatic chondral lesion due to lateral tibial pla-
teau fracture.

All patients operated on in this case series had presented
failure of previous non-operative and surgical treatments in
the knee, and we proposed fresh osteochondral transplanta-
tion as a salvage method to postpone the potential need for
knee arthroplasty.

The procedure started after confirming the identification,
conditioning, and quality of the allograft, whichwas kept in a
saline solution until use. A medial parapatellar arthrotomy
was the surgical technique performed in most cases. A single
case of lateral plateau transplantation used the extended
lateral parapatellar approach. After joint exposure, we
debrided the edges of the lesion until reaching the subchon-
dral bone. We measured the defect using a tool with cylin-
dricalmolds (the dowel technique) to determine the allograft
size for harvesting.

The first case, with a follow-up period of 5 years and
5 months, was that of a 38-year-old male patient with a
previous OCD diagnosis. The patient complained of pain in
his left knee for 23 years and had undergone mosaicplasty
and partial meniscectomy, with no significant improvement.

►Fig. 1 shows the nuclear magnetic resonance imaging
(MRI) from this patient, revealing the failure of the mosaic-
plasty with subchondral cysts in the MFC of the left
knee. ►Figs. 2A–D illustrate the panoramic radiograph be-
fore osteotomy, with a tracedmechanical axis showing slight
varus, and the radiographs after valgus osteotomy with a
medial opening wedge and corrected final axis.

After arthrotomy and lesion identification (►Fig. 3A), we
debrided the defect, regularized it, and performed the proper

measurements (►Figs. 3B,C). Next, we prepared the allograft
with its osteochondral plug (►Figs. 3D–F).

Weestablishedthelocation forallograft removalbyattempt-
ing to reproduce the site of the patient’s lesion, using a guide-
wire through the center of the same cylindrical mold to center
the hole saw for donor tissue removal. Maintaining perpendic-
ularity to the articular surface, the depthof the plug beyond the
cartilage (in the subchondral bone) was 3 to 4mm,1 and this
same subchondral bone underwent a pulsatile lavage with
salinesolutiontocleanpotentialantigensfromthedonor tissue.

►Figs. 4A,B shows the final presentation after intra-
operative plug fixation and ►Fig. 5 depicts the follow-up
MRI one year after surgery.

If the osteochondral lesion was larger than 25mm in
diameter, we removed more than one allograft plug with
subsequent area overlapping (snowman technique).1 Donor
tissue fixation occurred under pressure (press-fit) and, if
unstable, we added a Hebert screw in the center of each
“unstable” plug to increase stability.

The second case required a similar procedure, using two
plugs in the left knee due to the extent of the lesion. This was
a 21-year-old male patient with bilateral OCD and an unsta-
ble and loose osteochondral fragment in the joint (►Fig. 6).
He presented bilateral genu varum and underwent valgus
osteotomy in two stages.

►Fig. 7 shows the intraoperative images of the osteo-
chondral transplant. ►Figs. 7A–D depict the fresh donor
osteochondral tissue and its preparation and fixation in
the left knee with two plugs, one fixed under pressure and
the second with a metal headless screw, as well as the
surgical preparation of the right knee, performed 5 months
after surgery on the left knee (►Figs. 7E,F). The postoperative
radiographic image (►Fig. 8A) and MRI (►Fig. 8B) 0 months
after surgery demonstrate metal artifacts but good allograft
integration and a uniform chondral surface.

The postoperative period included a rehabilitation proto-
col to protect the graft during incorporation into the recipi-
ent area.10 We instructed the patients not to bear weight
bearing on the operated limb for 6 weeks by using a long,
articulated knee immobilizer in extension until quadriceps

Fig. 1 Coronal and sagittal magnetic resonance imaging sequences showing failure mosaicplasty integration of the medial femoral condyle and
previous partial meniscectomy.
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Figs. 3 Intraoperative images showing the osteochondral defect before debridement (A), defect regularization with appropriate instrumen-
tation (B), and the appearance after edge regularization (C). Image of the allograft (D), removal of the osteochondral plug with appropriate
diameter according to previous measurement (E), and subsequent preparation and pulsatile lavage to remove the medullary components of the
subchondral bone (F).

Figs. 2 Panoramic radiographs of the lower limbs showing a slight mechanical axis in varus (A,B). Anteroposterior and lateral radiographs after
valgus osteotomy with medial opening wedge and corrected final axis (C,D).
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activation control. We restricted the range of motion to 90° in
the first 4 weeks and encouraged quadriceps isometry during
the immediate postoperative period and closed kinetic chain
exercises after the sixth postoperative week. Sports activities
were restricted until the sixth postoperative month.

Result

►Table 1 describes the demographic data of the sample,
diagnostic specifications, previous surgeries, lesion charac-
teristics, allograft plug size, and follow-up time.

Fig. 6 Coronal magnetic resonance imaging sequence showing the lesion in the medial femoral condyle of the right knee and left knee,
respectively, resulting from osteochondritis dissecans.

Figs. 4 Intraoperative images before (A) and after plug fixation under pressure (B).

Fig. 5 Coronal and sagittal magnetic resonance imaging sequences showing allograft integration one year postoperatively. The metal artifact
consists of the fixation material of the osteotomy.
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The age of the patients ranged from 21 to 49 years at the
time of surgery. All patients were male. The body mass index
(BMI) identified four patients with normal weight, two over-
weight, andonlyonewithgrade-Iobesity. The initialdiagnoses

varied, with four of the eight knees having OCD in their classic
location in theMFC. The severity of the treated lesions ranged
from grade III to IV according to the ICRS classification, with
lesion sizes ranging from 2 to 4 cm in diameter.

Figs. 8a–b: Postoperative radiograph after the bilateral osteochondral transplantation with consolidated osteotomies (operated 5 months
apart) (A). Postoperative T1-weighted magnetic resonance imaging of the right knee with metal artifacts 10 months after surgery. The images
demonstrate good integration and adequate chondral surface (B).

Figs. 7 Fresh osteochondral tissue of the medial femoral condyle (A). Intraoperative photograph of the left knee during the fresh transplantation
with two osteochondral plugs measuring 22.5mm each (B,C), lower plug fixation with a headless screw, and upper plug fixation under
pressure (D). Intraoperative photograph of the right knee during the fresh transplantation of the medial femoral condyle with a 22.5mm
osteochondral plug fixation under pressure (E–Ff).
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Most surgeries occurred in a quaternary hospital of the
public healthcare network, followed by a tertiary hospital
and a private hospital.

In the follow-up period of up to five years, six of the seven
patients who underwent surgery stated that they were
satisfied or very satisfied with the procedure. A single
patient reported moderate satisfaction with the procedure.
He was an older patient with lesions on more than one
surgical site (trochlea and MFC).

The functional improvement varied, and out of the seven
operated patients, only one presentedworsening of the IKDC
score during the follow-up period, with a preoperative score
of 35.63 and a 1-year postoperative score of 32.1. All remain-
ing subjects presented increased scores, ranging from 32.18
to 64.36 at the final follow-up.

All patients presented quality of life improvement per the
KOOS score, ranging from 18.75 to 75 throughout the post-
operative follow-up period.

►Figs. 9–10, respectively, demonstrate the improvement
in the IKDC and KOOS-QoL scores when comparing preoper-
ative values with those at 6, 12, 24 months, and 5 years of
postoperative follow-up. The graphs include patients up to
the maximum follow-up time corresponding to each
period. ►Table 1 details the follow-up time.

►Table 2 shows a statistically significant improvement in
the IKDC score in the follow-up periods of 6 months,
24 months, and 5 years, with values close to 50. The assess-
ment of the KOOS-QL score also showed a statistically
significant improvement in 24 months but with lower
mean scores.

There were no failures, need for reintervention, infec-
tions, or other complications.

Discussion

This sample, in a national setting and with the tissue process-
ing available in Brazil, demonstrates that fresh osteochondral
homologous transplantation is an adequate method for treat-
ing large osteochondral lesions or a salvage method after the
failure of a previous procedure. It was a proper method for
improving the pain and function of our patients, postponing

the future need for total knee arthroplasty in patients who
were ineligible for this procedure due to young age.

Fresh homologous osteochondral transplantation is an
option deserving of consideration in treating osteochondral

Fig. 9 Knee and Osteoarthritis Outcome Score (KOOS), quality-of-life
(QoL) item scores preoperatively and 6, 12, 14 months, and 5 years
postoperatively.

Fig. 10 International Knee Documentation Committee (IKDC) scores
preoperatively, at 6, 12, 14 months, and 5 years postoperatively.

Table 2 Preoperative and postoperative International Knee Documentation Committee (IKDC) and Knee and Osteoarthritis
Outcome Score (KOOS) quality of life (QoL) scores with respective p-values.

6 months 12 months 24 months 5 years

IKDC

Preop 38.93 (�16.04) 41.69 (�12.99) 39.41 (�17.27) 39.54 (�17.28)

Postop 49.99 (�12.27) 47.60 (�14.36) 54.51 (�23.58) 56.54 (�13.72)

p-value 0.0497 0.3336 0.0308 0.0073

KOOS-QoL

Preop 22.62 (�27.75) 25.85 (�28.31) 25 (29.09) 28.75 (�32.95)

Postop 34.37 (�24.09) 41.96 (�14.75) 46.42 (�26.23) 56.25 (�31.86)

p-value 0.0587 0.0592 0.0413 0.0972

Abbreviations: IKDC, International Knee Documentation Committee; KOOS, Knee and Osteoarthritis Outcome Score; Preop, preoperative; postop,
postoperative; QoL, quality of life.
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lesions. The main indication for this procedure includes
symptomatic defects larger than 3 cm in young active
patients, as it provides viable hyaline cartilage with meta-
bolically active chondrocytes and subchondral bone with
remodeling potential.11

In addition, it has the advantage of allowing posttrans-
plantation joint load since it provides biologically functional
hyaline cartilage surface, making rehabilitation and return to
sports easier,12 improving joint function and symptoms, and
delaying arthroplasty.11

Our results show that transplantation is an alternative
treatment, mainly for salvage in patients undergoing failed
surgical procedures. An indication for homologous osteo-
chondral transplantation is a revision procedure after failed
surgical cartilage restoration.11

Zouzias and Bugbee10 report that transplantation war-
rants consideration as a treatment after other non-surgical
treatments have failed. Therefore, its indications include
large focal defects, failure of previous cartilage repair, ON,
OCD, and posttraumatic osteochondral defects.11,13 In our
study, all cases had undergone previous surgical treatments,
and, in half of the subjects, the osteochondral lesions
resulted from OCD.

Although our patients had undergone other previous
surgical procedures on the knee, we observed a significant
posttransplantation improvement in most scores evaluating
symptoms, function, and sports activities from IKDC, and
improvement in the KOOS-QL score, except for some follow-
up times (►Table 2).

International Knee Documentation Committee scores im-
proved in six of the seven patients and KOOS-QoL scores
improved in all subjects. A single subject reported little
satisfaction with the procedure. He was the oldest patient
(49 years old) and ineligible for a new approach with
arthroplasty. The other patient with no IKDC score improve-
ment at follow-up is themost recently treated subject, with a
follow-up time of approximately 10 months. He remains in
the rehabilitation phase and had a more complex treatment
location due to a fracture of the lateral tibial plateau.14Wedo
not consider this case a treatment failure due to the early
evolution time for fresh osteochondral transplantation of the
lateral plateau.

According to Gracitelli et al.,15 who compared knees
undergoing homologous osteochondral transplantation as
primary treatment versus treatment after failed subchondral
stimulation, prior cartilage repair did not affect the trans-
plant survival and functional outcome.

A systematic review of patients undergoing homologous
osteochondral transplantation with a follow-up of at least
two years identified a similar clinical improvement in pain,
function, and return to sports using the KOOS, Tegner, and
Marx scores.16

This same study reported a high rate of need for surgical
reoperation, ranging from 34 to 53% in more than half of the
cases due to the presence of loose bodies or for debridement
requirements.16 This contrastswith our study, inwhich there
was no need for injury reoperation or complications. In
another study,13 the reoperation rate was approximately

30% in the first 2 years of follow-up. In our study, there
was no need for reoperation in up to 5 and a half years of
follow-up.

The changes and improvement in the KOOS-QoL item
were not significant, perhaps because of the degenerative
and chronic pattern of the patients, who presented a slow
return to daily activities.

Conclusion

The general improvement in symptoms, function, and level
of sports activities during follow-up demonstrates that, in
knees that have undergone other surgical procedures, fresh
homologous osteochondral transplantation leads to good
outcomes and improved quality of life.

More studies in our setting are needed with more cases
and longer follow-up times to evaluate the potential com-
plications inherent to the procedure, reintervention require-
ments, and the cost-effectiveness of this technique.pt
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