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Objective To explore histomorphological characteristics of articular cartilage of the knee and ankle joints in repair of
postresection tibial defects using the Ilizarov method and cement spacer. Material and methods A defect-nonunion was
simulated in the proximal tibia of 10 mongrel dogs using the Ilizarov external fixation followed by application of cement
spacer to repair a defect-diastasis of at least 15 % of the original bone length. The spacer was removed after 30 days and
tibial distraction commenced at a rate of 1 mm four times at the site of transverse osteotomy in the distal tibia for bone
docking. Histomorphological evaluation of articular cartilage of the trochlea of the talus and femoral condyles was produced
at 60-day fixation (F60) and 30 days following frame removal (FR30). Results The structure of articular cartilage of the
trochlea of the talus was intact at F60 and FR30, and morphometric parameters were comparable with those in controls at
the end of experiment. Pannus was detected on the articular surface of the femoral condyles in 60 % of observations, and
subchondral bone structure appeared to be impaired with marrow pannus penetrating deep into the cartilage. Intact zonal
structure of the cartilage with no pannus, persisted integrity of the basophilic line, thin subchondral bone were observed
in 40 % of observations. Compared to controls, greater number of empty lacunes and cartilage thinning were recorded at
FR30. Conclusion The Ilizarov external fixation and cement spacer used to repair simulated postresection tibial defect was
shown to be a cartilage-sparing procedure for the ankle joint with a higher risk of irreversible destructive changes in articular

cartilage of the knee joint.
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INTRODUCTION

Large segmental defects of long bones comprise
a complex pathology and a difficult challenge for
orthopaedic and trauma surgeons [ 1, 2]. Reconstructive
surgery aims to address bone defects helping to regain
skeletal integrity, weight-bearing capacity and function
of the limb, improve the cosmetic outcome and regain
the ability to work. The clinical outcomes are largely
dependent on the operative technique employed [3-5].
llizarov techniques of non-free bone graft used to
repair bone defects are associated with a long-term
fixation period with frame on, multistaged time-
cosuming treatment and ubiquitous complications [6].
The Masquelet technique of the induced membrane
technique is an alternative option for extensive bone
defect repair using bone cement as a spacer in the

first stage and autologous cancellous bone graft to
fill the gap in the second stage [7-9]. In most cases,
the rehabilitation period following reconstruction
of segmental bone defects is prolonged due to
associated anatomical and functional disorders of the
limb including joint contractures, limb shortening,
scarry soft tissues, impaired regional circulation and
infectious complications [6, 10] with sporadic cases
resulting in total joint replacement [11]. Histological
aspects of gradual bone transport affecting the adjacent
joints have been underinvestigated [12].

The purpose was to explore histomorphological
characteristics of articular cartilage of the knee and
ankle joints in repair of postresection tibial defects
using the Ilizarov method and cement spacer.

MATERIAL AND METHODS

Experiments were performed in adult mongrel
dogs (n=10) with body weight of 16.8 * 0.4 kg at
the age of 3.9 # 0.3 years with tibia length measuring
17 to 20 cm. A nonunion was simulated at the boundary
of the tibial upper and middle thirds using the Ilizarov
external fixation (patent N° 2539627 RF) creating a

defect-diastasis of at least 15 % of the original bone
length with 60-day fixation with frame on. Fragments'
ends were excised to expose the normal bone and a
cement spacer was placed into the gap in the second
stage. A tight bone-spacer interface using side-to-
side compression was provided to allow the spacer

[ Stupina T.A., Diuriagina O.V., Emanov A.A., Mokhovikov D.S., Borzunov D.Yu. Pathomorphology of articular cartilage of the knee
and ankle joints in experimental repair of postresection tibial defect using the Ilizarov method and cement spacer. Genij Ortopedii,
2020, vol. 26, no 3, pp. 398-402. DOI 10.18019/1028-4427-2020-26-3-398-402

Original Article



adhere strongly to the bone surface after bone cement
polimerization. The spacer was removed after 30 days
and tibia distraction commenced after a seven day
latency period at a rate of 1 mm four times per day at
the site of transverse osteotomy in the distal tibia to
achieve for bone docking. Distraction lasted for 25 to
28 days. The frame was removed after 60-day fixation.
Histomorphological evaluation of articular cartilage
of the trochlea of the talus and femoral condyles was
produced at 60-day fixation (F60, n = 5) and 30 days
following frame removal (FR30, n = 5).

Animal care and all experimental procedures were
in accordance with the European Convention for the
protection of vertebrate animals used for experimental
and other scientific purposes and Directive 2010/63/
EU of the European Parliament and of the Council
on the protection of animals used for scientific
purposes. The animals were provided humane care
and treatment in compliance with SP 2.2.1.3218-14
“Sanitary and epidemiological requirements for the
design, equipment and maintenance of experimental
biological clinics (vivariums)”, GOST 33215-
2014 Guidelines for the maintenance and care of
laboratory animals. Rules for equipment of premises
and organization of procedures, GOST 33217-2014
Guidelines for the maintenance and care of laboratory
animals.
laboratory carnivores. The study received a favorable

Rules for the maintenance and care of
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opinion from the relevant research ethics committee
(Abstract of minutes N° 2 (57) dtd 17.05.18).

Articular cartilage and subchondral bone were
excised from the weight-bearing portions of the femoral
condyles and the trochlea of the talus with a scalpel
for histomorphological evaluation. Several specimen
were fixed in neutral buffered formalin, decalcified and
embedded in paraffin. Sections were then cut and stained
with hematoxylin and eosin and Masson's trichrome.
Several semi-thin sections (increased area of up to
8 mm?) [13, 14] prepared from aldehyde-fixed and resin-
embedded tissues were stained with methylene blue and
basic fuchsin. The Zeiss Opton (Germany) and AxioScope.
Al (Carl Zeiss Microlmaging GmbH, Germany)
microscopes and VideoTest-Master-Morphology
software (Russia) were used for light microscopy and
for digitizing microscope slides. Measurements were
produced to determine cartilage thickness (h,, mcm),
chondrocyte area (S,, mecm?), volumetric (VV_) and
numerical (NA,) chondrocyte density, a share of
chondrocytea in isogenous group (NN , %) and a share
of empty lacunes (NN_ , , %) in a 200 lacune sample.
Articular cartilage of intact animals was a control (n = 5).
Statistical data analysis was performed using variation
and non-parametric tests. Microsoft Office Excel 97 and
AtteStat program, version 1.0 were used to complete
data analysis reports. Wilcoxon rank-sum tests were
conducted for hypothesis testing.

RESULTS

General condition of animals was satisfactory
throughout the experiment. The mean fixation period
with frame on was 178 days. Bone resorption at
the pin sites of the proximal tibia was noted in all
animals during the whole period of observation with
a moderate amount of serous exudate from the pin site
that resulted in instability of the bone-fixator system
and a tendency to antecurvatum and valgus alignment.
Wires were reinserted at the second and third surgical
phases to prevent bone instability. The dogs developed
muscle atrophy and reduced weight-bearing capability

of the operated limb. Macroscopically the animals
demonstrated smooth, glazing, bluish white articular
surfaces of thetrochlea of the talus throughtout the whole
period of the experiment. Articular cartilage structure
and cytoarchitechtonics over the zones, integrity of the
basophilic line appeared to be maintained (Fig. 1, a).
Isogenous groups were seen everywhere in cartilage
with single empty lacunes noted. Basophilic line
and subchondral bone were shown to be sustainable
everywhere. The superficial area was not frayed and
pannus not detected (Fig. 1, b).

Fig. 1 Paraffin sections of articular cartilage of the trochlea of the talus showing (a) a general view at F60 and superficial and
intermediate cartilage zones at FR30 (b). Masson's trichrome staining. 78.75x Magnification (a), 200x Magnification (b)
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Histomorphological evaluation showed decrease
in morphometric parameters VV _, NA , S, h_, and
a greater amount of empty lacunes and isogenous
groups at F60. Chondrocyte area and a share of
isogenous groups were superior to those in controls
and NA , VV _, h_were comparable with those in
controls (Table 1).

Macroscopic evaluation of articular cartilage of
the femoral condyles showed thin, nonglare, purple,
irregularly shaped surfaces. Vascular pannus, impaired
zonal structure of cartilage and subchondral bone
were observed on the articular surface of six dogs out
of ten (n = 3 at F60, n = 3 at FR30) (Fig. 2, a, b, d).

Articular cartilage appeared to be thin under the
pannus with impaired cytoarchitechtonics, column-
type cell arrangement being absent in the deep layer;
two-, three- and four-membered groups noted with
empty lacunes seen everywhere in cartilage. There

were areas with absent basophilic partition and calcific
cartilage. Integrity of subchondral bone appeared to
be impaired with bone marrow pannus and vessels
invading deep in cartilage (Fig. 2, a, ¢). Four dogs
(n =2 at F60, n = 2 at FR30) showed persisted zonal
structure of articular cartilage with no pannus detected
(Fig. 2, c). Basophilic line appeared to be intact with
subchondral bone thinning. Histomorphological
evaluation showed increase in numerical density of
the cells and decrease in volumetric density due to
the less area, and greater dynamics in the parameters
was observed at the end of experiment as compared
to the previous observation phase. A share of empty
lacunes and isogenous groups persisted at FR30 with
numeric density of chondrocytes being higher than
that in controls. Measurements of cartilage thickness
showed less values throught the period of observation
as compared to those in controls (Table 2).

Table 1
Histomorphological characteristics of articular cartilage of the trochlea of the talus
Parameter [VV_ (%, M*m)] NA (M*m) |[S, (mecm’  M*m)| NN (%) | NN_ (%) |h_(mcm, M*m)
Control 5.97 £0.36 8.95+0.51 66.62 * 3.95 11.4 8.9 259.15+7.81
F60 4.29 * 0.63 6.59 £ 0.77 51.77 *+ 6.88 16.92 10.85 205.84 = 2.77
FR30 5.63+0.64 7.59 £ 0.71 73.51 £ 5.07 12.84 16.7 248.21 £ 3.49

Note: significant differences with controls at p < 0.05 typed bold.

Fig. 2 Paraffin sections of
articular cartilage of the
femoral condyles showing
(a) a general view and (b)
the pannus invading the
superficial zone at F60; (c)
the articular surface without
pannus and (d) vessels
deep in cartilage at FR30.
Masson's trichrome staining
(a, b, c¢), H&E (d). 31.25x
Magnification (a), 500x
Magnification (b, c, d)

Table 2

Histomorphological characteristics of articular cartilage of the femoral condyles

Parameter [VV_ (%, M*m)] NA, M*m) |[S, (mecm’  M*m)| NN _ (%) NN._ (%) |h_ (mcm, M £ m)
Control 9.03 £1.04 6.1%0.78 87.5+3.79 13.61 14.5 475.5* 1.3
F60 3.87 £0.29 8.850.44 45.72 £3.16 17.5 8.96 327.07 + 4.13
FR30 6.34 £ 0.51 9.37 £ 0.58 62.83 = 1.52 24.6 16.3 342.91 £5.13

Note: significant differences with controls at p < 0.05 typed bold.
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DISCUSSION

The Ilizarov external fixation and cement spacer
used to repair simulated postresection tibial defect
was shown to be a cartilage-sparing procedure for the
ankle joint with intact articular cartilage structure of
the trochlea of the talus and morphometric parameters
being comparable at the end of experiment. The ankle
joint has a very low prevalence of osteoarthritis
compared to the knee joint. Specific architechtonics
in the superficial zone of articular cartilage can
be responsible for the difference in occurrence of
osteoarthritis (presence of horizontally oriented
isogenous groups of cells) and cartilage regenerative
potential [15, 16]. Condrocyte death is reported to
be more severe in articular cartilage of the femoral
condyles of intact animals than in articular cartilage
of the trochlea of the talus with a greater amount of
empty lacunes [17]. The phenomenon was observed
in this experiment with increased amount of empty
lacunes seen in articular cartilage of the femoral
condyles and greater amount of isogenous cell
groups in articular cartilage of the trochlea of the
talus. Pannus was detected on the articular surface of
the femoral condyles in 60 % of observations, and
subchondral bone structure appeared to be impaired
with marrow pannus penetrating deep in cartilage.
Vessels penetrating from the articular surface and
subchondral bone into the cartilage were suggestive of
impaired chondrohematic barrier, increased oxidative

and hydrolytic processes that led to the development
of necrotizing calcified cartilage [18].

The appearance of a vascular pannus on the
articular surface can result from destructive changes
in the periarticular tissues. Impaired structure of the
basophilic partition with vessels penetrating deep in
articular cartilage can be associated with destruction
of underlying subchondral bone, deficient circulation,
denervated tibialis anterior muscle, destruction of the
peroneal nerve [19] due to unstable fixation, long-term
bone fixation with frame on and multistage operative
interventions. Correlation between the severity of cartilage
destruction, inflammation of the synovium and stability
of bone fixation was demonstrated during canine tibial
lengthening performed at the metadiaphysis at a rate of
1 mm four times per day [20]. Destructive and reparative
changes in articular cartilage, synovitis and no pannus
were reported in the previous experimental series with
favorable biomechanical conditions provided with Ilizarov
transosseous osteosynthesis for tibial defect repair [12].

Articular cartilage has obvious and fundamental
roles in joint function being a unique and multifaceted
tissue. Articular cartilage has poor ability to regenerate
and cartilage lesions left untreated have limited
intrinsic healing capacity for spontaneous repair [21].

Pathological changes in articular cartilage of the
femoral condyles appeared to be irreversible in six
animals.

CONCLUSION

The Ilizarov external fixation and cement spacer
used to repair simulated postresection tibial defect
was shown to be a cartilage-sparing procedure for

the ankle joint with a higher risk of irreversible
destructive changes in articular cartilage of the knee
joint noted in 60 % of the cases.
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