The llizarov Journal of Clinical and Experimental Orthopaedics Tom 23, No 4, 2017

© A group of authors, 2017

DOI 10.18019/1028-4427-2017-23-4-405-410

Osteochondral graft from the pre-Achilles area for repair of ankle joint articular
surface defects and lesions

V.V. Kuznetsov', I.A. Pakhomov', A.M. Zaidman*', A.V. Korel'!, S.B. Korochkin®, A.V. Repin?,
S.M. Gudi?

'Federal State Budgetary Institution Novosibirsk Tsivian Scientific Research Institute of Traumatology and Orthopaedics
of the RF Ministry of Health, Novosibirsk, Russia
2Autonomous non-profit organization NIITO Clinic, Novosibirsk, Russia

Introduction Management of osteochondral lesions of the talus trochlea involves surgical debridement of the necrotic cartilage and
underlying bone, and then repair of the defect with an osteochondral autologous graft. The use of MSCT, MRI allows us to detect
changes in the ankle joint at the initial stage, when the salvage operation is effective. Purpose Histological substantiation of the
possibility to use osteochondral autologous grafts from the pre-Achilles area of the calcaneus for management of osteochondral
defects in the damaged talus trochlea. Material and methods We substantiate a new technique for obtaining an osteochondral
autologous graft to repair osteochondral defects of the talar trochlea resulting from various lesions by means of a morphological
study of the following microslides: cartilage and underlying bone tissue of the talar trochlea (cadaver material), necrotic area of the
talus, and the cartilage portion of the pre-Achilles area of the calcaneus. For comparison, preparations of the cartilage tissue from the
lateral condyle of the femur were investigated. Results Investigations of the specimens of the pre-Achilles cartilage of the calcaneus
revealed a large number of chondrocytes in the extracellular matrix, presence of its all cartilage zones (superficial, middle, and deep
ones). This was a proof that this cartilage was preserved both structurally and functionally. Conclusion On the basis of the findings,
it is assumed that pre-Achilles area cartilage can be considered as an autograft material.
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INTRODUCTION

The problem of managing osteochondral de-
fects of the damaged talar trochlea (ODTT) re-
mains challenging at present [1, 2]. To date, there
are several surgical treatments for ODTT, each of
them having its merits and shortcomings such as
the problem of the "painful donor site", difficulty
of positioning the graft into the recipient bed on
the talus, presence of several invasive stages of
harvesting, cultivation and implantation of the do-
nor material. The use of mosaic osteochondroplas-
ty with the use of osteochondral autograft (OA) for
the ODTT repair meets the goals of treatment as it
provides a radical cleaning of the necrotic focus,
elimination of the chronic inflammation focus in
the joint, and restoration of the ankle joint biome-
chanics. The measure results in reduction of pa-

tient’s disability and rehabilitation periods. Cur-
rently, the Tsivyan NNIITO of the Ministry of
Health of Russia applies a patented method of sur-
gical ODTT treatment with the use of OA from the
pre-Achilles area of the calcaneus [3].

The purpose of this work is the histological
substantiation of the possibility of using OA
from the pre-Achilles calcaneus area for the
treatment of osteochondral defects in the dam-
aged talus trochlea. For this purpose, morpholog-
ical studies of micropreparations of cartilaginous
and bone tissue of the pre-Achilles zone of the
calcaneus were conducted. For comparison, the
preparations from joint cartilage and the adjacent
bone tissue of the lateral condyle of the femur
were examined.

MATERIAL AND METHODS

With the permission of the ethics committee of
the Tsivyan NNIITO (No. 006/14 of September 12,

2014), the micro-preparations of the articular carti-
lage and the underlying bone of the talus trochlea
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(cadaveric material), the cartilaginous area of the
pre-Achilles zone of the calcaneus, the cartilaginous
tissue of the lateral condyle of the femur and the
necrotic area of the talus were examined. The age of
the patients (n=12) was from 30 to 60 years. The
preparations were fixed in a 10 % solution of neutral

RESULTS

Cartilage and underlying bone tissue of the
talar trochlea

There is no clear division into zones in the articu-
lar cartilage of the talus trochlea. There are superfi-
cial chondrocytes of flattened shapes (Fig. 1); chon-
drocytes of the upper part of the middle zone, one or
two in the lacuna, and chondrocytes located in col-
umns in the deeper part of the middle zone, and hy-
pertrophied deep-zone chondrocytes. Dystrophically
altered cells, mostly non-nuclear, are located in the
homogeneously eosinophilic dense matrix of the
deep cartilaginous zone. There are cells with a pre-
served nucleus, but with a calcified cytoplasm. The
cartilaginous and bone tissues are separated by a dis-
tinctly intensive basophilic line which is the border
zone of the articular cartilage that ensures the preser-
vation of the cartilaginous tissue (Fig. 1 b). Down
from the basophilic line, there is a zone of calcified
cartilage, adjacent to the bone tissue. The bone tissue
is of the lamellar type with uneven lines of adhesion
and a large number of osteoblasts, which indicates
the process of restructuring.

Necrosis area of the talar trochlea

The preparation shows bone fragments and ne-
crotic bone marrow. Thin bone tissue is almost
devoid of cells; there are denuclearized cells in the
preserved part of the bone architecture. Necrotic
masses are visible in some areas. Macrophages are
identified. In the regeneration zone, tissue fibrosis
is observed, characterized by fibrin fibers and rare
spindle-shaped cells. The process of necrosis oc-
curs with a practically preserved cartilaginous tis-
sue (in some places, necrotic changes penetrate the
cartilaginous tissue). All the zones characteristic of
articular cartilaginous tissue can be identified: su-
perficial, middle and deep. The extracellular matrix
is defibrillated and unevenly stained. The baso-
philic line is destroyed in some places, and the
process of necrosis has penetrated into the cartilag-
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formalin. After decalcification in a solution of
EDTA and paraffin dehydration, the preparations
were stained with hematoxylin and eosin. The re-
sulting specimen were analyzed and digitalized with
the Axio Observer Z1 microscope (Carl Zeiss, Ger-
many) and the ZEN 2012 software (Blue edition).

inous tissue (Fig. 2). Detachment of the cartilage
tissue from the bone is seen. The changes revealed
in the cartilaginous tissue confirm the need for an
operation to repair affected cartilaginous tissue
with a graft of a healthy cartilaginous tissue.

Pre-Achilles area of the calcaneous (cartilage
and underlying bone tissue)

Cartilaginous tissue is presented by an extracel-
lular matrix with chondrocytes immersed into it.
The cartilaginous zones can be seen: superficial,
middle and deep zones. It is possible to identify the
basophilic line and the calcified zone adjacent to
the basophilic line from the side of the bone tissue.
The matrix of the superficial zone is intensely
stained. The chondrocytes of this zone have a flat-
tened cytoplasma and a rounded basophilic nucle-
us. The cells are arranged in parallel rows
(Fig. 3a).

Further, chondrocytes are located by 1-2 in the
lacuna, the matrix is stained unevenly. Closer to
the basophilic line, there are a few chains of chon-
drocytes that form columns. The matrix of this
zone is most intensely stained relative to the other
zones. The basophilic line is clearly delineated
(Fig. 3b). Chondrocytes are immersed into it in
several places. The area of calcified cartilage adja-
cent to the basophilic line is thin or absent in some
places. The bone is immature: a lot of osteoblasts
and fuzzy lines of adhesion. The study of the prep-
arations, depending on the age, found that the total
number of chondrocytes decreases and the dys-
trophic changes affecting the intercellular matrix
are enhanced with the age.

There is a large number of chondrocytes in the
intercellular matrix and all the zones are present
(superficial, middle, deep). Also, a well-marked
basophilic line and the adjacent calcified zone in-
dicate that this cartilage is structurally and func-
tionally preserved and can be used for grafting.
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Fig. 1 Paraffin sections, hematoxylin-eosin stain; magnification x100: a — surface area of the talus articular cartilage; b — ba-
sophilic line and chondrocytes of the middle and deep zones of the articular cartilage of the talus

Fig. 2 Paraffin sections, hematoxylin-eosin stain, magnification x200. Zone of necrosis of the talus trochlea. Destruction of
the basophilic line, necrosis process extended into the cartilaginous tissue

Fig. 3 Paraffin sections, hematoxylin-eosin stain, magnification x200: a — chondrocytes of the superficial, middle and deep zones
of the pre-Achilles area of the calcaneous; b — basophilic line and column-arranged chondrocytes of the pre-Achilles area

Articular cartilage and underlying bone tis-
sue of the lateral femoral condyle

All the zones, characteristic of this type of tis-
sue, are presented in the articular cartilage of the
lateral condyle of the femur: a thin superficial layer
(intensely stained barrier), an intermediate zone
with isogenically located groups of cells (Fig. 4a)
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and chaotically located columns of chondrocytes, a
deep zone with hypertrophied chondrocytes.
Groups of cells are located in lacunae, the bounda-
ries of which merge. The basophilic line is narrow;
there are areas where it borders on the bone. The
ossified zone is almost not detected. A thin layer of
the subchondral bone is visualized (Fig. 4 b).
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Fig. 4 Paraffin sections, hematoxylin-eosin stain, magnification x100: a — chondrocytes of the superficial and middle zones
of the cartilage tissue of the lateral femoral condyle; b — basophilic line chondrocytes of the middle and deep zones of the

cartilage tissue of the lateral femoral condyle

DISCUSSION

It was found in the course of the work, that the
majority of young and working age patients with
severe pain of an unclear genesis suffered oste-
ochondral lesions [4]. Various positions for taking
X-rays suggested by different authors do not allow
to reliably diagnosing ODTT. It seems that the ad-
ministration of multispiral computed tomography
(MSCT) to patients with "causeless™ pain in the an-
kle should become the rule. Indeed, MSCT is the
method of choice for the diagnosis of ODTT [5].

This cannot be accepted completely as far as
MSCT does not allow estimation of the prevalence
of concomitant edema of the spongy bone sub-
stance of the affected talus trochlea. Additional
information may be obtained with MRI. The need
for this information is debatable. There are works
emphasizing the need for preoperative conserva-
tive treatment for a preoperative prevention of
graft rejection, progression of aseptic necrosis in
the ODTT zone [6].

Also, surgical approaches to the treatment of
ODTT remain controversial. Despite the question-
able effectiveness due to irradicality, a number of
authors reported on the continued use of multifocal
osteoperforation of the talus trochlea as an inde-
pendent method [7]. Undoubtedly, multifocal oste-
operforation takes its deserved place in the com-
plex of surgical treatment as an additional method
[8]. Time has confirmed the need for radical inter-
vention on the cystic formation, in connection with
which such non-radical operations as subchondral
microfracture, debridement, exocclusion of the
necrosis zone, etc. have ceased to be used by or-
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thopedists as independent methods. The reason for
this is the need to replace an emerging defect.
Since the end of the twentieth century, there has
been a considerable progress in this direction [9,
10, 11, 12]. To repair the emerging defect, implan-
tation of autologous chondrocytes, bone autografts,
allografts, allohemiarthroplasty [13, 14] were used.

To date, the methods listed above seem exotic
since they show their positive properties, apparent-
ly, only in the hands of their authors. The method of
choice which still remains is obviously the replace-
ment of the defect with an osteochondral autograft
by the Hangoody method. Nevertheless, the un-
doubted positive features of the Hangoody tech-
nique are levelled by its unacceptable shortcoming,
and namely, the "painful” donor site in the knee area
[15]. Various authors suggested techniques that re-
duce the traumatic nature of the Hangoody tech-
nique but the problem has not been solved. The
technique suggested by our clinic may provide the
solution to this problem. However, it is necessary to
continue the collection of clinical material to prove
its viability. When introducing it, we needed proofs
of the eligibility of using an osteochondral autograft
from the pre-Achilles area for clinical purposes. The
data presented in a number of studies allowed us to
state that this graft is osteochondral and is suitable
for achieving the goals of ODTT treatment due to its
morphological properties.

Undoubtedly, the methods of ODTT manage-
ment will develop further. It would be very valua-
ble to reduce the invasiveness of the surgical inter-
vention due to the introduction of the mosaic oste-
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ochondroplasty with minimally invasive methods
under the control of arthroscopy. It will permit to
abandon the need for osteotomy of the malleoli.
But to date, mosaic osteochondroplasty, according
to many experts, remains a method of choice.
There are no data on the description and charac-
terization of the cartilaginous tissue from the pre-
Achilles area of the calcaneus in the available do-
mestic and foreign literature. Therefore, to identify
the structural and functional features of this carti-
laginous tissue, a morphological study of cartilagi-
nous tissue from the pre-Ahilles area of the calca-
neus was conducted. A comparative analysis of the
preparations of the articular cartilage and the bone
of the talus trochlea, the cartilage of the pre-
Achilles area of the calcaneus, the cartilaginous
tissue of the lateral femoral condyle and the zone
of necrosis of the talus was carried out. The articu-
lar cartilage of the talus trochlea is presented by a
uniformly homogeneous matrix, in which the cells
are located diffusely. The articular cartilage fea-
tures three zones: superficial, intermediate and
deep (basal) ones [16]. Chondrocytes of the zones

are different in volume, shap, ability to differenti-
ate, density of distribution in the matrix, and ultra-
structural organization. The least differentiated
cells in the articular cartilage are located in the up-
per part of the intermediate zone, and the most dif-
ferentiated are in the deep one [17]. Each of the
cartilage tissues studied by us featured superficial
flattened types of chondrocytes; the intermediate
ones, located isogenously by 1-2 in the lacuna, and
separate groups of cells located in columns; and
deep hypertrophied chondrocytes. Also, the pres-
ence of a separating basophilic zone, ensuring the
preservation of cartilaginous tissue, bone tissue
with signs of restructuring, was revealed. The ob-
tained data confirmed the possibility of using os-
seo-cartilaginous OA from the pre-Achilles area of
the calcaneus. The investigation of the necrosis
zone of the talus trochlea detected all the signs of
destruction: fragments of bone tissue, necrotic
bone marrow, and necrotic changes penetrating
into the cartilaginous tissue in some places. All the
changes that were revealed indicate the need to
replace the affected tissue with an autologous graft.

CONCLUSION

The study of the cartilage preparations of the
pre-Achilles calcaneus area showed a large number
of chondrocytes in a homogeneously stained inter-
cellular matrix, the presence of all cartilage zones

(superficial, middle, deep), and also the preserved
basophilic line. Thus, this cartilage is structurally
and functionally preserved and can be considered
as a material for autologous grafting.
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