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Abstract

Objective was to obtain preliminary data on the knee osteoarthritis risk following canine tibial prosthetics using one-stage 
osseointegration, external fixation and compression loading. Material and methods The study was carried out on 5 intact (control 
group) and 3 experimental (experimental group) animals aged 1.8 ± 0.5 years with a body weight of 19 ± 1.2 kg. Osteotomy was 
performed at the boundary of the upper and middle third of tibia and a PressFit type construct implanted. A special device was used 
for bone fixation and compression loading of FN = 20 N. Paraffin sections of the articular cartilage and the underlying subchondral 
bone were used for histomorphometric examination. Results The zonal structure of the articular cartilage and cytoarchitectonics were 
shown to be maintained in all experimental animals with insignificant destructive changes in the form of impaired homogeneity of the 
intercellular substance in the upper third of the surface zone. There was a two-fold decrease in the thickness of the calcified cartilage and 
a 1.9-fold decrease in the thickness of the subchondral bone. The volumetric density of trabeculae in the subchondral bone decreased to 
22.31 ± 5.41 % in experimental animals and to 46.94 ± 1.94 % in controls. Complete absence of calcified cartilage and the subchondral 
bone were observed in one case with vessels and bone marrow pannus invading the noncalcified cartilage. Conclusion Structural 
changes in the contact zone of the articular cartilage and the subchondral bone seen in the knee following experimental canine tibial 
prosthetics indicated the risk of developing knee osteoarthritis.
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INTRODUCTION
Changes in mechanical loading lead to pathological 

processes in the articular cartilage and subchondral bone 
that can be problemic after a traumatic and unilateral 
lower limb amputation with reduced loads on the 
involved limb and increased loads on the intact limb [1, 
2, 3]. The prevalence of contralateral knee osteoarthritis 
(OA) is significantly greater in individuals with lower 
limb amputation than in a control group without 
amputation [4, 5]. Patients with limb below the knee 
amputation are at high risk of flexion contractures of the 
knee joint. Prolonged restriction of movements in the 
joint leads to decreased cartilage mass [6, 7, 8]. OA can 
progress to a stage when joint replacement surgery may 
be the only option to relieve pain and improve function 
and quality of life. However, joint replacement may not 
be an option for patients with lower limb amputation.

The subchondral bone plays a crucial role in 
the pathogenesis of OA [9, 10, 11]. The mechanical 
stress is known to affect subchondral contours 

and shape [12, 13, 14]. Anatomical and functional 
manifestations of the amputated limb in adult patients 
include contractures and deforming arthrosis in the above 
joints [15]. In the early stages of prosthetic use [16], 
young individuals with transtibial amputation display few 
biomechanical risk factors for knee OA development. 
Fundamental studies of articulation components are 
important for the functional restoration of the amputated 
limbs and development of functional rehabilitation 
techniques for the patients. There is a significant 
increase in osseointegration surgeries offered to restore 
functions of amputated lower limbs [17, 18, 19, 20]. 
There have been no studies to date reporting the effect 
of an osseointegrated prosthetic on the knee joint during 
functional recovery of an amputated lower limb.

The objective was to obtain preliminary data on 
the knee osteoarthritis risk following canine tibial 
prosthetics using one-stage osseointegration, external 
fixation and compression loading. 

MATERIAL AND METHODS
The study was performed using eight mongrel 

dogs including 5 intact control and 3 experimental 
animals aged 1.8 ± 0.5 years with a body weight of 
19 ± 1.2 kg. Surgical intervention was produced under 
general anesthesia. Tibial osteotomy was performed at 

the boundary of the upper and middle third with fibula 
removed at the same level. The channel was drilled to a 
diameter of 7 mm and a 7.5 mm PressFit-like implant 
(RF Patent No. 194912) [21] made of Ti6Al4V alloy 
powder by laser sintering using EOSINT M280 system 
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was hammered in with short blows. Soft tissues were 
excised at the hock joint. A hole was made in skin flap to 
allow the outer implant portion exit, a stump simulated 
and soft tissues sutured in layers.

A special device (RF Patent No. 185647) [21] made of 
the Ilizarov components was used to fix the implant and 
provide compression to the bone (Fig. 1a). Compression 
of Fн = 20 N was based on previous studies of implant 
osseointegration in the femur of rabbits [22] and 
recalculated based on the similarity of masses for the first 
42 postoperative days followed by prosthesis placed for 
a period of 4 months. The PressFit-like implant (Fig. 1b) 
had an entry step part A with cutting teeth B with the 
diameter increasing to the ring of the head B. The cutting 
part of the tooth provided the bone hole size required for 
the calibrated part and the primary axial implant fixation. 
A prosthesis was attached to the implant with crossing 
wires fixed to the fixation and compression device that 
was dismantled after 6 weeks. The animals were sacrificed 
after 6 months of the experiment.

The manipulations were produced 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 of 22 
September 2010 on the protection of animals used for 
scientific purposes, 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. Rules for the maintenance 
and care of laboratory carnivores. The study received 
a favourable opinion from the relevant research ethics 
committee (Abstract of minutes № 2 (57) dtd 17.05.18).

The knee joint was exposed for pathomorphological 
examination and the articular cartilage and the 
underlying subchondral bone excised off the femoral 
condyles with a scalpel. Bone-cartilage blocks were 
fixed in formalin, decalcified in a mixture of formic and 
hydrochloric acids, dehydrated in alcohols, embedded 
in paraffin and paraffin sections were stained with 
hematoxylin and eosin and Masson’s trichrome stain. 
Light microscopic examination, digitization and 
morphometry were performed using an AxioScope.
A1 microscope and AxioCam digital camera and 
Zenblue software (Carl Zeiss Microimagingg 
GmbH, Germany). The thickness (microns, M ± m) 
of uncalcified (huncal.cr), calcified (hcal.cr) cartilage, 
subchondral bone graft (hsubch.b.pl) was measured. 
The volumetric density of bone trabeculae in the 
subchondral zone was calculated (%, M ± m). Data 
analysis was performed with descriptive statistics. The 
nonparametric Wilcoxon test was used with differences 
being considerable at p < 0.05 (AtteStat program, 
version 9.3.1.).

Fig. 1 Schematic picture of the device used for osseointegration of the implant into the tibial stump showing (a): femur (1); subchondral bone 
(2); tibia (3); PressFit-like implant (4); fixation and compression device (4); silicone prosthesis (5); stiffness spring (6), portions of articular 
cartilage and the underlying subchondral bone explored (7); implant design (b) and general view of the experimental animal (c)
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RESULTS

The animals could bear some weight postoperatively 
with the limb fixed using fixation and compression 
device and experience gradual functional recovery of 
the operated limb after removal of the device and use 
of the prosthesis. Lameness of the supporting limb was 
noted after four months of the experiment. 

The zonal structure of articular cartilage and 
cytoarchitectonics were preserved in all experimental 
animals (Fig. 2a). Collagen fibers were visualized in 
the upper layers of the superficial zone (Fig. 2b) that 
indicated a decrease in glycosaminoglycans in the matrix 
providing homogeneity of the intercellular substance. 
Few chondrocytes with signs of destruction were seen 
in the cartilage everywhere. Singular isogenic groups 
were mostly observed in the deep zone. Continuous 
basophilic line separating uncalcified and calcified 
cartilage was well visualized in most cases. Calcified 
cartilage appeared to have different thickness and was 
thin. There were areas with uncalcified cartilage and 
the basophilic line bordering the subchondral bone 

(Fig. 2c). The subchondral bone appeared to be irregular 
everywhere and thin or completely absent in some areas. 
The calcified cartilage in these areas was in contact with 
the bone marrow. Bone trabeculae were rarefied in the 
subchondral spongy bone, irregularly oriented with no 
parallel arrangement, and fat bone marrow occupied 
intertrabecullar spaces (Fig. 2a).

One of the three observations showed areas with 
no cartilage calcification and subchondral bone plate. 
Vessels and bone marrow pannus penetrated into 
the uncalcified cartilage from the subchondral bone 
(Fig. 2d). No signs of inflammation, inflammatory 
infiltration were detected. A significant decrease in 
all parameters was recorded (Table 1) with the most 
reducion observed in the thickness of calcified cartilage 
(by 2 times) and the thickness of the subchondral 
bone plate (by 1.9 times). The volumetric density of 
trabeculae decreased (p = 0.0026) in the subchondral 
bone to 22.31 ± 5.41 % as compared to the controls 
measuring 46.94 ± 1.94 %.

Fig. 2 Typical structure of articular cartilage of the femoral condyle. The experiment lasted for 180 days: (a) general appearance; (b) collagen 
fibers exposed in the superficial zone of cartilage; (c) the contact zone of uncalcified articular cartilage (UAC) and subchondral bone with the 
central area with no calcified cartilage (CC), thin subchondral bone plate (SBP), impaired architectonics of the subchondral spongy bone (SSB); 
(d) the basophilic line not visualized, vessels penetrating into the deep zone of uncalcified cartilage. Stained with Masson’s trichrome (a, c), 
H&E (b, d). Magnification 100× (a), 400× (b, c, d)
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Thickness of the articular cartilage and subchondral bone in experimental and control animals (mcm, M ± m)

Description Experimental group Control group 
huncal.cr 382.46 ± 13.65 (р = 0.00657) 475.53 ± 4.27
hcal.cr 40.72 ± 3.84 (р = 0.00499) 87.89 ± 3.37
hsubch.b.pl 52.68 ± 10.04 (р = 0.00507) 102.42 ± 2.81

DISCUSSION

A light microscopical examination of histological 
preparations showed preserved zonal structure and 
cytoarchitectonics of the cartilage with the articular 
surface being not fibrous. Histomorphometric analysis 
revealed structural changes in the contact area of 
the articular cartilage and the subchondral bone. 
Articular cartilage and subchondral bone are dynamic 
structures that are responsible for carrying the load 
and complementing each other in the functioning unit. 
Structural changes in each of the zones will affect 
the properties and functions of the bone-cartilage 
articulation [11, 23]. The subchondral bone maintains 
important cushioning, supporting functions and nutrition 
for the articular cartilage. The subchondral bone entity 
includes two separate objects: a subchondral bone plate 
and a subchondral spongy bone [12, 24].

Experimental findings showed a pronounced thinning 
of the calcified cartilage zone, the subchondral bone 
plate, impaired architectonics and rarefied trabeculae in 
the subchondral spongy bone, a 2.1-fold decrease in the 
volumetric density of trabeculae. Vessels and bone marrow 
pannus were shown to penetrate into uncalcified cartilage 
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affected the mechanical strength, resorption dominated in 
the bone remodeling subsequently leading to an impaired 
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Anatomical and functional features of post-
amputation lower limb stumps include contractures 
and deforming arthrosis in the above joints in adult 
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CONCLUSION

Structural changes in the contact zone of the 
articular cartilage and the subchondral bone seen in the 
knee following experimental canine tibial prosthetics 
indicated the risk of developing knee osteoarthritis. 
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