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OBTENCION DE TEJIDO OSTEOCONDRAL EN LOS BANCOS DE 
TEJIDOS EN ESPAÑA

• Obtienen

• No obtienen

• NS/NC

29%

50%

21%
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OBTENCION DE TEJIDO OSTEOCONDRAL

Obtención de tejido osteocondral

Tras solicitud especifica 8

Según características del donante 2

Edad límite

35 años 1

40-45 años 1

45 años 4

45-50 años 2



PIEZAS OSTEOCONDRALES OBTENIDAS

Pieza anatómica obtenida

Cóndilo femoral 8

Rotula 3

Astrágalo 6

Hemimeseta con menisco 2

Tróclea femoral 1

Según solicitud 2
Tiempo

Extracción-Banco 1-4 horas 7

24 horas 1

Banco-Procesamiento 12-24 horas 7

NS/NC 1



PREPARACIÓN/SELECCIÓN INJERTO OSTEOCONDRAL

• Es aconsejable tener en cuenta 
que las medidas 
antropometricas del donante 
se asemejen a las del receptor.

• Durante la preparación del 
aloinjerto, es importante hacer 
una coincidencia precisa con el 
cóndilo receptor. 
Particularmente en defectos 
parcialmente no contenidos, es 
importante hacer coincidir bien 
la curvatura (flechas negras) 
con el receptor para evitar 
hundir el injerto.



CONSERVACIÓN DE PIEZAS LAS OBTENIDAS

Contenedor

Bote 7

Macopharma 3

Medfor 3

NS/NC 3

Bolsa 1

Medio de 

transporte/Conservación

Ringer-Lactato 3

M199 1

SF 1

HBSS 1

DMEM 2

POE

Bibliografía 7

Validación 2

NS/NC 1



CONSERVACIÓN DE LAS PIEZAS OBTENIDAS

Suplemento de suero

SI 3

Suero autólogo 2

Suero AB alogénico 1

NS/NC 1

NO 5

Temperatura de conservación

4º C 5

31º C 1

37º C 2

Duración máxima conservación

14 dias 4

21 dias 2

25 dias 1

28 dias 1

Recambio de medio

NO 2

2-3 dias 3

5 dias 1

7 dias 1

NS/NC 1



VIABILIDAD DE LOS CONDROCITOS
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CONSERVACIÓN DE LOS INJERTOS OSTEOCONDRALES
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CHONDROCYTE VIABILITY IS HIGHER AFTER PROLONGED

STORAGE AT 37°C THAN AT 4°C FOR OSTEOCHONDRAL

GRAFTS

Andrea L. Pallante, M.S.†, Won C. Bae, Ph.D.+, Albert C. Chen, Ph.D.†, Simon Görtz, M.D.‡,

William D. Bugbee, M.D.‡,#, and Robert L. Sah, M.D., Sc.D.†,*

† Department of Bioengineering and Whitaker Institute of Biomedical Engineering, University of

California-San Diego, La Jolla, CA, USA

+ Department of Radiology, University of California-San Diego, San Diego, CA, USA

‡ Department of Orthopaedic Surgery, University of California-San Diego, San Diego, CA, USA

# Division of Orthopaedic Surgery, Scripps Clinic, La Jolla, CA, USA

Abstract

Background—Osteochondral allografts are currently stored at 4°C for 2–6 weeks before

implantation. At 4°C, chondrocyte viability, especially in the superficial zone, deteriorates starting

at 2 weeks. Alternative storage conditions could maintain chondrocyte viability beyond 2 weeks,

and thereby facilitate increased graft availability and enhanced graft quality.

Purpose—Determine effects of prolonged 37°C storage compared to traditional 4°C storage on

chondrocyte viability and cartilage matrix content.

Study Design—Controlled Laboratory Study

Methods—Osteochondral samples from humeral heads of adult goats were analyzed (i) fresh, or

after storage in medium for (ii) 14d at 4°C including 10% FBS, (iii) 28d at 4°C including 10%

FBS, (iv) 28d at 37°C without FBS, (v) 28d at 37°C including 2% FBS, or (vi) 28d at 37°C

including 10% FBS. Portions of samples were analyzed by microscopy after LIVE/DEAD ®

staining to determine chondrocyte viability and density, both en face (to visualize the articular

surface) and vertically (overall and in superficial, middle, and deep zones). The remaining

cartilage was analyzed for sulfated-glycosaminoglycan and collagen.

Results—37°C storage maintained high chondrocyte viability compared to 4°C storage. Viability

of samples after 28d at 37°C was ~80% at the cartilage surface en face, ~65% in the superficial

zone, and ~70% in the middle zone, which was much higher than ~45%, ~20%, and ~35%,

respectively, in 4°C samples after 28d, and slightly decreased from ~100%, ~85%, and ~95%,

respectively, in fresh controls. Cartilage thickness, glycosaminoglycan content, and collagen

content were maintained for 37°C and 4°C samples compared to fresh controls.

Conclusion—37°C storage of osteochondral grafts supports long-term chondrocyte viability,

especially at the vulnerable surface and superficial zone of cartilage.

Clinical Relevance—Storage of allografts at physiological temperature of 37°C may prolong

storage duration, improve graft availability, and improve treatment outcomes.

*Address correspondence and reprint requests to: R.L. Sah, 9500 Gilman Drive, La Jolla, CA 92093–0412, USA. Tel: 858–534–5682;
Fax: 858–822–1614; rsah@ucsd.edu.

NIH Public Access
Author Manuscript
Am J Sports Med. Author manuscript; available in PMC 2010 November 1.

Published in final edited form as:

Am J Sports Med. 2009 November ; 37(Suppl 1): 24S–32S. doi:10.1177/0363546509351496.
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Los injertos osteocondrales se 

obtuvieron de cabezas humerales de 

cabra, se transportaron en tampón 

fosfato (PBS)+antibióticos (penicilina, 

estreptomicina y fungizona: PSF) y se 

conservaron en EMEM con aditivos: 

acido ascórbico, L-glutamina y PSF.



ANTIBIÓTICOS

Antibioticos

Si 6

Amikacina SI

Cotrimoxazol SI SI SI SI

Estreptomicina SI SI SI

Vancomicina SI SI SI SI

Voriconazol SI

Anfotericina B  SI SI SI SI

Osteomicina

Otros
Tobramicina Tobramicina Tobramicina Penicilina Penicilina

No 2



CONTROL MICROBIOLÓGICO

Toma de muestra para microbiología

Hisopo en quirófano SI SI SI SI SI SI SI

Fragmento en quirófano SI

Liquido de lavado en quirófano SI

Liquido de transporte SI SI SI SI SI SI

Medio de mantenimiento tras recambio SI SI SI SI SI

Medio de mantenimiento pre-distribución SI SI SI SI

Medio tras 5 dias del procesamiento SI

Hisopo/medio tras 3 días con Antibiótico SI



ACTITUD ANTE CONTROL MICROBIOLÓGICO POSITIVO

Positivo tras obtención

Descartar la pieza    3

Procesar la pieza    3

Descartar/Procesar en función del 
microorganismo

1

NS/NC 1

Positivo tras procesamiento

Descartar la pieza    4

Procesar la pieza    0

Descartar/Procesar en función del 

microorganismo
3

(Comensal piel, saprofito, coagulasa

negativo)

NS/NC 1



RESPUESTA INMUNE TRAS INJERTO OSTEOCONDRAL

Los injertos no se seleccionan en ni función de HLA ni 
de ABO

La porción ósea es inmunogénica (proteínas óseas, 
médula ósea)

El 50% de los injertos desarrollan anticuerpos anti-HLA

Se correlacionó con alteraciones en la interfaz injerto-
huésped en los estudios de resonancia magnética.

Se desconoce la relevancia clínica de este hallazgo



PULSE LAVAGE

Pulse Lavage Fails to Significantly
Reduce Bone Marrow Content
in Osteochondral Allografts

A Histological and DNA Quantification Study

Luiz Felipe Ambra,* MD, PhD, Laura de Girolamo,yz PhD, and Andreas H. Gomoll,§ MD
Investigation performed at the Department of Orthopaedic Surgery,
Brigham and Women’s Hospital, Boston, Massachusetts, USA

Background: Current clinical practice calls for pulse lavage of fresh osteochondral allografts (OCAs) to reduce immunogenicity;

however, there is limited evidence of its effectiveness in reducing allogenic bone marrow elements.

Purpose: To evaluate the effectiveness of pulse lavage in removing marrow elements from trabecular bone in fresh OCA

transplantation.

Study Design: Controlled laboratory study.

Methods: The authors evaluated 48 fresh OCA plugs with 4 different common sizes (14- and 24-mm diameter, 6- and 10-mm

thickness). Within each size group, half of the samples underwent pulse lavage (n = 6) with saline solution and half were left

untreated (no lavage; control group, n = 6). For each treatment and size group, 3 samples were analyzed for DNA content as

an indicator of the number of residual nucleated cells; the other 3 samples were histologically analyzed to assess the presence

and distribution of cells within subchondral bone pores in 3 specific locations within the plug: peripheral, intermediate, and core.

Results: Osteochondral plugs treated with pulse lavage did not show a significant decrease in DNA content in comparison with

untreated plugs. Overall, histological analysis did not show a significant difference between the treated and untreated groups (P =

.23). Subgroup analysis by size demonstrated decreased marrow content in treated versus untreated groups in the thinner plug

sizes (14 3 6 mm and 24 3 6 mm). Histological evaluation by zone demonstrated a significant difference between groups only in

the peripheral zone (P = .04).

Conclusion: Pulse lavage has limited effectiveness in removing marrow elements, in particular in plugs that are larger in diameter

and, more importantly, in thickness. Better techniques for subchondral bone treatment are required for more thorough removal of

potentially immunogenic marrow elements.

Clinical Relevance: OCA transplantation has become an established treatment modality. Unfortunately, OCA is not without lim-

itations, chiefly its mode of failure through inadequate integration of the allograft subchondral bone with subsequent collapse. In

an effort to improve integration, current clinical practice calls for pulse lavage to remove allogenic bone marrow from the sub-

chondral bone in hopes of decreasing the immunogenicity of the graft and facilitating revascularization.

Keywords: osteochondral allograft; pulse lavage; allogenic cells; DNA quantification

Fresh osteochondral al lograft (OCA) transplantat ion is

being ut i l ized for the reconstruct ion of a wide spectrum

of chondral and osteochondral (OC) injur ies in the knee

and other joints.16 OCA can restore normal joint architec-

ture by providing mature viable hyaline car t i lage t issue,

along with under lying subchondral bone that acts pr imar-

i ly as a foundat ion to faci l i tate the in-growth of and even-

tual replacement by host bone.1 Several studies have

repor ted favorable outcomes of OCA, demonstrat ing

a high frequency of good and excellent funct ional outcomes

with survival rates of more than 80% at 10 years.16

Hyaline cartilage is considered a very low immunogenic tis-

sue as it is not vascularized, and the cellular component is

embedded in a dense extracellular matrix, making it inacces-

sible to the host immune system. However, bone tissue is

laden with bone marrow–containing cells and proteins that

can elicit an immunogenic reaction,17 which has been impli-

cated as a potential factor in OCA failure. This is confirmed

by the fact that failures are more frequently seen in the sub-

chondral bone rather than the articular cart ilage portion of

the graft. Persistent edema outside the plug itself, progressive

The American Journal of Sports Medicine

1–6

DOI: 10.1177/0363546519864716

Ó 2019 The Author(s)
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CONCLUSIONES

24

Edad <45 años

Tiempo transporte 1-4 horas

Tiempo 

procesamiento

12-24 horas

Contenedor Bote

Liquido conservación Medio cultivo/Ringer L.

Suplemento con suero No

Temperatura 4ºC

Recambio de medio Variable

Antibióticos Si

Control microbiológico

Hisopo Si

Liquido transporte Si

Medio tras recambio Si

Medio pre-distribución Si

Control microbiológico

Tras obtención Procesar

Tras procesamiento Descartar
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CLASIFICACION DEL CARTÍLAGO ARTICULAR

26

507

TABLE 2

New classification of articular cartilage lesions

system makes no allowance for a lesion without surface

changes. Insall’s system is problematic because the specifi-
cations for Grade II (fissuring) and Grade III (fibrillation)
are somewhat qualitative and may or may not be applied

similarly by observers. Although Goodfellow et al.’ differ-

entiates between surface degeneration and basilar degener-
ation, the terms fasciculation I, blister, and fasciculation II,
under the general category of basilar degeneration, can cause

some confusion. Most other authors seem to use the term

fasciculation when referring to disruption of an intact sur-

face.

Size of the articular cartilage lesion

Different classification systems vary widely with respect to

the size of a lesion of articular cartilage (Table 1). Insall et

al.~ make no reference to size in any grade of their system.

Outerbridgell does not describe the size of a Grade I or IV

lesion, but states that a Grade II lesion is 1/2 inch or less in

diameter while a Grade III lesion is greater than 1/2 inch in

diameter. Goodfellow et al.’ describe the fasciculation

(Grade I) lesion under basilar degeneration as 1 cm in

diameter but does not mention size with the general descrip-
tion of surface or basilar degeneration. The size of a Grade

I lesion, according to Ficat and Hungerford,5 begins as 1 cm’
in area which then extends progressively in all directions.

This description leads to confusion as to the total extent of

involvement of the surface area of any particular lesion. As

well, chondrosclerosis is described as not localized, but in-

volving the entire contact zone. No mention is made of size

in a Grade II lesion or with tuft formation or superficial
surface changes. Bentley et al/ and Casscells et a1.3 assign

a specific size range (diameter) in centimeters to a particular

grade lesion.

Anatomical location of the lesion

Classification systems of articular cartilage damage have

dealt primarily with lesions of the patella. However, there is

a wide difference of opinion concerning the most common

location (Table 1). Outerbridgell observed that degeneration
started most frequently at the medial facet with later exten-

sion to the lateral facet. He also described a mirror image
lesion on the intercondylar area of the femoral condyles as

well as damage to the upper border of the medial femoral

condyle. Goodfellow et al.’ felt that the &dquo;odd&dquo; facet of the

patella was a common location for surface degeneration and
resulted from habitual disuse, while basilar degeneration
occurred &dquo;astride the ridge which separates the odd from the

medial facet or straddling the inferior part of the central

ridge separating the medial and lateral facets.&dquo; Damaged
areas at the junction of the medial and odd facets were seen

most frequently by Bentley et aLl Insall et a1.9 found that

the most common location of Grades I, II, and III lesions is

the midpoint of the patellar crest with extension equally
onto the medial and lateral patellar facets, a finding which

did not confirm previous observations of the predominance
of the medial facet. Grade IV also involves the opposite or

mirror surface of the femur, although never severe; the upper
and lower one-third nearly always are spared. Casscells’3

report emphasized changes located on the patella and ante-
rior femoral surface. Ficat and Hungerford described lesions
of both the medial and lateral facets.
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A system for grading articular cartilage
lesions at arthroscopy

FRANK R. NOYES,* MD, AND CRAIG L. STABLER, MD

From the Cincinnati Sportsmedicine Center and the Deaconess Hospital Center,
Cincinnati, Ohio

ABSTRACT

Although there are several different classification sys-
tems for the description of articular cartilage damage,
each has certain limitations and deficiencies which can

lead to confusion. We are proposing a new system
which describes articular cartilage abnormalities in sim-

ple terms. It is based on four separate and distinct
variables: the description of the articular surface, the
extent (depth) of involvement, the diameter of the le-

sion, and the location of the lesion. Although somewhat

qualitative and subjective, the system enables the sur-

geon to record observed articular cartilage changes.
We have used this grading as part of our overall knee

rating system and have found it helpful in comparing
treatment results between our different studies. For

research purposes, a point scaling system facilitates

computerization and statistical analysis of the data.

The purpose of this paper is to introduce a new classification

system that can be used to evaluate articular cartilage lesions

observed at arthroscopy, recording the changes in a format

that allows descriptive analysis. Obviously, numerous fac-

tors adversely affect the articular cartilage of human joints;

investigations have shown the deleterious effects of immo-

bilization, trauma, aging, hemarthrosis, total meniscectomy,

ligamentous injuries, and corticosteroids, as well as many
other factors. 2,4,10,12 Destruction of articular cartilage can

also occur and progress under physiologic stress on abnormal

articular cartilage, such as in gout, chondrocalcinosis, and

ochronosis. Over the years, several classification systems

have been devised in an attempt to describe and categorize
the damage which occurs to articular cartilage under adverse

conditions. However, we believe that each system has certain

deficiencies regarding the description of the articular sur-

face, depth (extent) of involvement, and the size and location

of the lesion. Such deficiencies may lead to confusion and

inconsistency in comparing studies or in communicating the

changes which occur over time.

LITERATURE REVIEW

Articular cartilage surface appearance and depth of

involvement

Table 1 summarizes the previously published classification

systems of articular cartilage lesions. A review shows a

rather marked divergence in their rationale and application.
Some systems combine the surface appearance of the artic-

ular cartilage lesion and the depth of involvement under a

single descriptive category. Others make no distinction as

to the depth of involvement. According to Outerbridge,ll
Grades II and III have identical appearances (fragmentation
and fissuring). The system does not specify the extent of

involvement from surface to bone in either stage; rather, the

distinction between the grades is based on the diameter of

involvement. In the classification system of Bentley et all
there is no category reserved for lesions with an intact

surface. Furthermore, Grades I, II, and III are all described

as fibrillation or fissuring and the distinction between grades
is based on the area of damage. Ficat and Hungerford5,6 

s

distinguish between closed (Grade I) and open (Grade II)
chondromalacia but make no allowance to separate lesions,

according to severity, within each category. Grade I describes

varying degrees of softening from simple to pitting edema.
In Grade II, a distinction is made between fissures and

ulcerations, but either can be superficial and localized or
can extend to subchondral bone. The authors also describe

three other lesions (chondrosclerosis, tuft formulation, and

superficial surface changes) which are not included in their

grading system. The classification systems of Casscells3 and
Insall et a1.8.9 both describe lesions which become more

extensive as one moves from Grades I through IV. Casscell’s

* 

Address correspondence and reprint requests to: Frank R. Noyes, MD,
Cincinnati Sportsmedicne Research Department, The Deaconess Hospital

Sportsmedicine Center, 311 Straight Street, Cincinnati, OH 45219.
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investigations have shown the deleterious effects of immo-

bilization, trauma, aging, hemarthrosis, total meniscectomy,

ligamentous injuries, and corticosteroids, as well as many
other factors. 2,4,10,12 Destruction of articular cartilage can

also occur and progress under physiologic stress on abnormal

articular cartilage, such as in gout, chondrocalcinosis, and

ochronosis. Over the years, several classification systems

have been devised in an attempt to describe and categorize
the damage which occurs to articular cartilage under adverse

conditions. However, we believe that each system has certain

deficiencies regarding the description of the articular sur-

face, depth (extent) of involvement, and the size and location

of the lesion. Such deficiencies may lead to confusion and

inconsistency in comparing studies or in communicating the

changes which occur over time.

LITERATURE REVIEW

Articular cartilage surface appearance and depth of

involvement

Table 1 summarizes the previously published classification

systems of articular cartilage lesions. A review shows a

rather marked divergence in their rationale and application.
Some systems combine the surface appearance of the artic-

ular cartilage lesion and the depth of involvement under a

single descriptive category. Others make no distinction as

to the depth of involvement. According to Outerbridge,ll
Grades II and III have identical appearances (fragmentation
and fissuring). The system does not specify the extent of

involvement from surface to bone in either stage; rather, the

distinction between the grades is based on the diameter of

involvement. In the classification system of Bentley et all
there is no category reserved for lesions with an intact

surface. Furthermore, Grades I, II, and III are all described

as fibrillation or fissuring and the distinction between grades
is based on the area of damage. Ficat and Hungerford5,6 

s

distinguish between closed (Grade I) and open (Grade II)
chondromalacia but make no allowance to separate lesions,

according to severity, within each category. Grade I describes

varying degrees of softening from simple to pitting edema.
In Grade II, a distinction is made between fissures and

ulcerations, but either can be superficial and localized or
can extend to subchondral bone. The authors also describe

three other lesions (chondrosclerosis, tuft formulation, and

superficial surface changes) which are not included in their

grading system. The classification systems of Casscells3 and
Insall et a1.8.9 both describe lesions which become more

extensive as one moves from Grades I through IV. Casscell’s
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¿QUÉ DICE LA BIBLIOGRAFIA?

Tras la obtención y el tratamiento antibiótico (24 h) los injertos se 
almacenan en solución Ringer lactato o en medio de cultivo, a 4ºC. 

Se ha descrito una importante caída en la viabilidad de los condrocitos 
tras 28 días de almacenamiento. 

A los 14 días, el medio de cultivo muestra mejor viabilidad que Ringer-
lactato (91% vs. 81%) que se acentúa a los 28 días (83% vs. 29%). 

Algunos estudios recientes muestran que los injertos conservados a 
37ºC muestran una mejor viabilidad de los condrocitos y una menos 
viabilidad ósea, que puede disminuir la inmunogenicidad. 



CONCLUSIONES

Edad <45 años

Tiempo transporte 1-4 horas

Tiempo 

procesamiento

12-24 horas

Contenedor Bote

Liquido conservación Medio cultivo/Ringer L.

Suplemento con suero No

Temperatura 4ºC

Recambio de medio Variable

Antibióticos Si

Control microbiológico

Hisopo Si

Liquido transporte Si

Medio tras recambio Si

Medio pre-distribución Si

Control microbiológico

Tras obtención Procesar

Tras procesamiento Descartar
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