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An articular cartilage lesion in large joints is a frequent pathology of the locomotor apparatus. More than 50 % of visits to a 
traumatologist or an orthopaedic surgeon in outpatient clinics are associated with pain in large joints. Conservative methods of 
treatment have not undergone significant changes lately what cannot be said about surgical interventions. Methods of chondrogenesis 
stimulation and restoration of the cartilaginous layer by repair of its defect with cell technologies continue to develop. This article 
reviews the literary sources on modern methods of treating articular cartilage lesions. 
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INTRODUCTION 

An articular cartilage lesion in large joints is a 
frequent pathology of the locomotor apparatus. 
More than 50 % of visits to a traumatologist or an 
orthopaedic surgeon in outpatient clinics are asso-
ciated with pain in large joints [1]. A study of the 
results of 31,516 arthroscopic interventions per-
formed for large joint damage and diseases showed 
that in 63 % of the cases were cartilage pathologies 
in varying stages [2, 3]. Conservative methods of 
treatment have not undergone significant changes 
in the recent years what cannot be said about sur-
gical interventions. Methods of chondrogenesis 
stimulation and cartilaginous layer defect restora-
tion with cellular technologies continue to develop 
rapidly [4, 5]. 

Attempts to restore the articular cartilage with 
conservative and surgical technologies have a long 
history. Early techniques were limited to performing 
transplantation of the articular bone end. In 1925, 
Lexer and co-authors described the first transplanta-
tion. Modern methods of chondrogenesis stimulation 
have originated from the technique of tunneling the 
articular cartilage defect zone, proposed by Pridie [6]. 
It was further developed by Ficat who called it 
spongialization. The technique consists in removing 

the damaged cartilage along with the subchondral 
bone to ensure the release of mesenchymal stem cells 
from the spongy bone, followed by their differentia-
tion into fibrous tissue that fills in the defect. Gross et 
al. proposed the idea of allotransplantation of fresh 
osseo-cartilaginous grafts [7], and L. Peterson was 
the first to implant cultured chondrocytes of the first 
generation in an experiment [8]. Today, a variety of 
surgical techniques have been known for articular 
cartilage damage repair, but they all originate from 
these three methods. 

Our article deals with a literature review of con-
temporary methods used to manage the damaged 
articular cartilage. 

Bone marrow stimulation The essence of this 
method is to provide an exit of the cells contained 
in the bone marrow so that are able to move into 
the defect in order to improve the regeneration of 
the cartilage. Tunneling, abrasive arthroplasty, 
spongialization and microfracture can result in 
bleeding and subsequent formation of a fibrin clot 
that must cover the focal defect of the hyaline car-
tilage. Elements of the bone marrow, such as mes-
enchymal stem cells (MSC), leukocytes and 
growth factors contribute to the transformation of 
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the fibrin clot into a cartilaginous fibrous tissue 
[4]. The mechanical and biochemical properties of 
such tissue are individual. However, the issue of 
the tissue’ ability to resist various loads on the 
joint remains open. 

Tunneling K. Pridie reported on the effective-
ness of multiple drilling of the articular cartilage 
defect with the Kirschner wire. The operation was 
supposed to cause pronounced bleeding from the 
spongy bone with a possible formation of cartilag-
inous fibrous tissue at the defect site. Despite the 
fact that the method was developed more than 50 
years ago, it has been still used nowadays during 
arthroscopic interventions on large joints. Thus, 
B.V. Malyuk in his PhD thesis entitled "Osteo-
perforation of the subchondral bone in osteochon-
dritis dissecans of the femoral condyles of the knee 
joint" suggests that deep tunneling of the knee joint 
defect allows achieving a balanced course of osteo- 
and chondroregeneration to bridge the defect of the 
cartilage [9]. Some authors believe that indications 
for tunneling are damage to the cartilage due to 
osteochondritis dissecans or local idiopathic oste-
onecrosis. Removal of damaged osseo-
cartilaginous fragments and deep drilling of the 
defect area with a wire (1.5–2 mm in diameter) or 
a thin drill (2.5–3.5 mm in diameter) is performed 
until bleeding starts (Fig. 1) [10]. The obvious 
shortcoming of perforation tunneling is the burn of 
adjacent tissues by incorrect drilling that results in 
minimal bleeding from the subchondral bone that 
may not be sufficient for formation of a full and 
stable cartilaginous-like fibrous tissue. 

 
Fig. 1 Method of a focal cartilage defect tunneling 

Abrasive arthroplasty Initially, the idea was to 
treat the damaged area of the cartilage and the un-
derlying cortical plate with a 1–2 mm bur until 
bleeding appeared with an obligatory preservation 

of the integrity of the subchondral bone (Fig. 2). 
Later, this technique was modified to a deeper 
marginal resection of the cortical bone, down to 
the spongy bone. The authors believe that the tech-
nique provides remission of cartilage degeneration 
for up to 5 years in 70 % of patients and better out-
comes in young people [11]. The merits of abra-
sion include a uniform formation of the regenerate 
and a better restoration of the shape of the joint 
surface as compared with tunneling [12]. The 
shortcoming of the method, like in case of tunnel-
ing, is the instability of the formed tissue and its 
inability to adequately withstand the load on the 
articular cartilage surface [13]. 

 
Fig. 2 Abrasive arthroplasty 

Spongialization The principle is to clean the 
defect of the cartilage and remove the tissues 
along with the subchondral bone down to the 
spongy bone (Fig. 3). The author of the method 
reported 79 % of positive results after a 2-year 
follow-up. However, other studies could not re-
produce such positive outcomes. The shortcom-
ings caused by an excessive depth of resection 
include failures to cover the entire defect and a 
short remission period [14]. 

 
Fig. 3 Spongialization 
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Microfracturing Steadman was the first to re-
port on the positive effect of microfractures on the 
restoration of focal defects of the articular cartilage 
in 1997. Microfractures of the subchondral bone in 
the cartilage defect are produced with a special awl 
to a depth of 4–5 mm (3–4 microfractures per 
1 cm²) until bleeding appears (Fig. 4). Advantages 
of the method are the absence of burns, the preser-
vation of a sufficient amount of the subchondral 
bone and an easy performance during arthroscopy 
[15]. Today, microfracturing continues to be suc-
cessfully used for cartilage defects [16]. However, 
there is no unambiguous opinion on the maximum 
size of the defect for this method to be applied. 
Steadman reported good results in extensive carti-
lage defects, greater than 4 cm² [14]. However, 
Knutsen et al. obtained poor results for the same 
amount of damage [17]. A number of authors still 
object to the necessity of performing microfrac-
tures, considering that the resulting cartilaginous 
fibrous tissue is unstable to loads and could lyse 
fast [18]. 

 
Fig. 4 Microfracture performance 

It should be noted that good results are obtained 
with the mentioned variants of bone marrow stimu-
lation only for a short period of time [11, 12]. 

Despite the fact that the methods of bone mar-
row stimulation were proposed more than half a 
century ago, they remain relevant today because 
they are easy to implement and inexpensive. We 
consider it advisable to use the microfracturing 
method for hyaline cartilage defect in the knee 
joint that amounts up to 4 cm² during the arthro-
scopic intervention. 

Methods of cartilaginous layer restoration 
Today, allo- and autologous osteochondral grafts 
and periosteum transplantation methods as well as 
cell technologies, different in the content and vol-

ume of surgical intervention, have been developed, 
described, introduced and continue to develop ac-
tively. 

Osseo-cartilaginous allografting As a rule, 
two types of grafts are used: fresh prepared and 
frozen. A. Gross in 1975 was the first to perform 
transplantation of fresh bone-and-cartilage grafts 
for large defects of the knee joint cartilage, har-
vested from the corpses no later than 12 hours after 
the death of the donor [7]. In 2008, he also report-
ed on a 25-year survival of the graft [19]. Today, 
indications for such alloplasty can be osteochon-
dral defects with a diameter of more than 3 cm². 
Undoubtedly, the advantage of this technique is the 
transplantation of viable, mature hyaline cartilage 
which completely restores the anatomy and func-
tion of the joint [20]. Shortcomings include the 
expected conflicting immunological graft rejection 
and the possibility of transmitting diseases [21]. 
The storage of extracted osseo-cartilaginous blocks 
reaches 28 days, as according to some studies. 
Therefore, there is a possibility of creating a bone-
and-cartilage bank. W. Pearsall reports about 76 % 
of good results for frozen blocks for 4 years after 
grafting. The risk of disease transmission and im-
munological responses have decreased [3]. Some 
authors believe that conserved or frozen grafts lose 
plasticity, their proteins denature, and there hap-
pens destruction of cellular elements [22]. For this 
reason, fresh grafts are preferred [22]. 

Osseo-cartilaginous autologous grafting In 
1992, L. Hangodi published a technique for arthro-
scopic autografting of bone-and-cartilage blocks of 
a cylindrical shape which were 4.5 mm in diame-
ter, harvested from the non-loaded areas of the 
femoral condyles. The merits of this "mosaic" au-
tochondroplasty include the possibility of complete 
closure of the defect and an increased survival of 
the hyaline cartilage with the preservation of its 
true morphological structure. This method has 
been very popular due to good clinical outcomes 
[23, 24, 25]. Nevertheless, some authors have a 
negative attitude to "mosaic" autohondroplasty and 
reported the presence of such deficiencies as pain-
ful donor zone, the lack of reliable integration of 
the transplanted block and the impossibility of 
covering large defects, partial lysis with the trans-
formation of grafts into fibrous tissue [11, 15]. The 
work of S. Ulstein that compares the results of au-
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tochondroplasty with the results of micro-
fracturing [16] seems interesting as he did not re-
veal significant difference. There have been reports 
of good results of using grafts from the proximal 
tibio-fibular junction for autotransplantation [26]. 

Periosteum implantation The periosteum con-
tains cells with the potential for regeneration of 
bone and cartilaginous tissues. It is conditionally a 
matrix for the delivery of growth factors and their 
source. These conditions make it possible to use 
the periosteum as a material for filling the hyaline 
cartilage defects. O'Driscoll was the first to show 
that the periosteum can produce chondrocytes in an 
animal experiment and thereby serve as a source 
for restoration of hyaline cartilage defects. Later, 
similar results were confirmed by other authors 
[27]. Today, there is no consensus on the position 
and orientation of the periosteum in the defect bed. 
O'Driscoll and Fitzsimmons [28] believe that the 
cambial layer should face the joint gap. Olivos-
Meza reports good results using this method in 
combination with growth factors, especially in the 
treatment of defects in the patella hyaline cartilage 
[29]. Most authors opine that, despite good early 
results of transplantation of the periosteum, the 
long-term outcomes are unsatisfactory due to calci-
fication and sequestration of the graft [30]. 

Autologous chondrocyte implantation (ACI) 
In 1994, Brittberg and Lindahl, two Swedish scien-
tists, published the results of clinical use of ACI 
for management of post-traumatic defects of the 
hyaline cartilage in the knee joint [31]. The tech-
nique consists of two stepwise operations:  
1) 200–300 mg of cartilage is harvested from the 
unloaded joint surface foolowed by cultivation of 
chondrocytes for 4–6 weeks; 2) introduction of 
chondrocytes into the defect covered with the peri-
osteal flap [12, 32]. The described technique is 
classical and is used for defects greater than 2.5 
cm². According to a number of authors, good re-
sults were observed in 80 % of patients following 
10 years after the surgery [31]. The high risk of 
periosteal hypertrophy and arthrofibrosis, requiring 
interventions of revision and joint mobilization, is 
attributed to its shortcomings [32]. 

In view of the shortcomings described above, a 
variety of inert collagen membranes have prefera-
bly been used to cover the defect instead of the 
autologous periosteum [4, 33]. The second genera-

tion of ACI techniques includes debridement of the 
defect, its closure with a collagen membrane that is 
stitched with vicril to the edges of the preserved 
cartilage, and sealing the defect zone with fibrin 
glue. Chondrocytes are injected with a syringe 
through the membrane. This method provided 
good results but the problem of uneven distribution 
of chondrocytes in the defect remained [11]. 

In 2012, a third generation of ACI techniques 
based on the use of biological matrices was pro-
posed. The latter helped maintain a differentiated 
phenotype of chondrocytes and correctly distribute 
them in the defect [34]. Biological matrices ex-
clude the use of arthrotomy and all manipulations 
are performed arthroscopically [35]. Nevertheless, 
the treatment outcomes in patients using the 1st 
and 2nd generation of the ACI method do not sig-
nificantly differ from the outcomes of the 3rd gen-
eration operations [36]. 

Autologous matrix induced chondrogenesis 
(AMIC) AMIC operations are performed using a 
matrix consisting of porcine collagen types I and 
III. Such matrices consist of two layers: the first 
layer is dense while the second is porous. The 
dense layer performs a protective function, pre-
venting the stem cells from releasing from under 
the membrane. The porous layer that faces the sub-
chondral bone promotes chondrogenesis [37]. Both 
sutures and fibrin glue can be used for fixation of 
the matrix. The merits of this technique are a one-
stage operation without preliminary cartilage har-
vesting and its economic expediency, because 
there is no need for cultivation of chondrocytes 
[38]. Nowadays, many authors report better results 
of the AMIC technique when compared with the 
ACI 1 and 2 generation techniques [39, 40]. Ac-
cording to Ferruzzi and co-authors, the AMIC 
method achieves better results in comparison with 
3rd generation of the ACI arthroscopic technique. 
At the same time, a high level of effectiveness is 
noted in both cases. According to one of the uni-
versities in Belgium, AMIC show better results in 
patello-femoral articulation lesions [41]. 

Mesenchymal stem cells (MSC) A number of 
authors opine that mesenchymal stem cells are a 
good alternative to ACI and AMIC [38, 42]. Cells 
are isolated from the bone marrow, synovial mem-
branes, periosteum, and adipose tissue. Under the 
influence of various factors, they differentiate fur-
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ther towards chondrogenesis [43, 44]. In experi-
mental animal studies and clinical observations, 
the high potential of these cells for chondrogenesis 
was demonstrated [45]. MSCs are injected into the 
joint on some matrix if there is a cartilage defect or 
as an injection in case of a degenerative disease 
[44, 46]. According to some authors, intra-articular 
mesenchymal stem cell injection in gonarthrosis 
enables to achieve good clinical results for as long 
as 12 to 27 months [47]. There have been reports 
of the successful use of chondrocytes derived from 
mesenchymal stem cells to repair local cartilage 
defects of various sizes [48, 49]. High efficiency of 
MSC application does not exclude a number of 
shortcomings related to the possibility of uncon-
trolled expression of various genes in the body, 
which can have unpredictable consequences, and 
the high cost of the method [50]. 

Undoubtedly, the most common method of 
treating defects of the hyaline knee joint cartilage 
is mosaic autohondroplasty. We believe that this 

technology is effective for a cartilage defect of 
more than 4 cm². However, it should be mentioned 
that, according to our data, about 10 % of patients 
report pain in donor sites. Today, chondrogenesis 
technologies using cover membranes and special-
ized matrices for the filling of hyaline cartilage 
defects have been developing. Recent generations 
of such methods show good long-term outcomes. 
However, the high cost and complexity of imple-
mentation do not allow the introduction of these 
technologies in every circumstance. The use of 
cellular technologies, in our opinion, carries a high 
risk of autoimmune response and requires further 
investigation. 

The methods of surgical hyaline cartilage defect 
repair continue to develop rapidly. However, each 
subsequent generation of the technologies has been 
more expensive. Given the economic feasibility 
and good clinical results, one should not abandon 
the use of classical methods such as microfracture 
or mosaic autochondroplasty. 
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