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Abstract

The purpose of this research is the observation of the blood vessels in the knee region of the sheep by
computed tomography angiography. Four female lambs were examined. After providing operational
access to a. femoralis catheter we introduced a catheter into the artery. We used the method spiral
computed tomography to carry out the computer-based imaging. The spiral CT scanning was
performed in transverse planes starting from the middle of the femur to the middle of the tibia. The
slices were 1.5 mm thick, at 2 mm intervals. The scanning was done using computer software. The
arteries and the veins in the knee region of the sheep are visualized as CT images (slices). The
popliteal artery and vein, saphenous artery, medial saphenous vein are of utmost importance; in
ruminants in particular, the lateral saphenous vein and a. genus media that are responsible for the
blood supply to the cruciate ligaments. CT angiography is recommended for the diagnosis and
monitoring of the impaired vascularization of the stifle joint structures of the sheep, which is supported
by the results of this study.
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Introduction

Animals are commonly used as models for the study of new treatment options of knee joint injuries,
including joint meniscus injuries (Takroni et al., 1997). The sheep compared to pigs and rabbits is
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considered as a more appropriate animal for testing new therapeutic regimens in humans’ meniscal
surgery (Takroni et al., 1997, Saitz et al., 1997, Chevrier et al., 2009). Sheep meniscus is similar to the
human one by length, width, weight, vascularization and collagen structure (Chevrier et al., 2009). The
knee joint of the sheep is of the utmost importance for the studies concerning the recovery of articular
cartilage defects in large animals and people (Saitz et al., 1997, Orth and Madry, 2013).

The blood supply to the knee joint is of great significance in the cases of traumas of its various structures,
as well as for the surgery, orthopedics and treatment of the injuries of the same area (Saitz et al., 1997).
The blood vessels of mammals are branches of a. and v. poplitea (Getty, 1975; Schaller, 2007; Ashdown
and Done, 2010). V. saphena medialis (magna) and v. saphena lateralis (parva) are superficially
accessible for venipuncture of the pelvic limb (Evans and de Lahunta, 2013). They are described by May
(1955), and later by other authors: Schaller (2007), Ashdown and Done (2010). Various authors have
examined the veins of the limbs of cattle, sheep and goat by digital phlebography (Santos et al., 2016).
The veins of the limbs of the goat have been examined by arteriography as well (Burns and Cornell, 1981,
Nazhvani, 2007), visualizing the vessels predominantly of the digits and in the metacarpal and metatarsal
regions (Nazhvani, 2007; Santos et al., 2016). Angiographic studies can be used to diagnose a variety of
vascular diseases of the digits and hoof in the cattle, such as regional thrombosis, alter circulation in the
dermis, undeveloped arterial arches and little or no arterial enlargement in corium coronae (Gantke et al.,
1998, Nazhvani et al. ., 2007). Pathological changes in dairy cattle’s chronic laminitis have been detected
by arteriography (Maclean, 1970; Boosman et al., 1998; Vermunt and Greenough, 1994; Nazhvani et al.,
2007). The formation of the portal vein, its intrahepatic branches, hepatic veins, and the branches of a.
celliaca in ruminants was observed by contrast computed tomography of lambs by Georgiev et al. (2012).
Computed tomography angiography and gross anatomical dissection were performed to describe the
angiographic anatomy of the external iliac arteries of the sheep and to compare them to human’s. (Joscht
et al., 2016).

The diagnosis of osteoarthritic changes has been made by detecting the joint cartilage defects of the
trochlea femoris, kneecap, lateral and medial condyles of tibia and femur, cruciate ligament defects,
meniscus injuries in sheep and horses. CT arthrography is recommended as a convenient imaging
diagnostic method (Hontoir et al.,, 2017; Nelson et al., 2016). The surgery of femoropatellar and
femorotibial joints in the sheep is still being developed in order to refine the least invasive method with the
least possible post-operative complications (Orth and Madry, 2013).

Material and Methods:

The experiment was conducted on four female lambs aged between 6 months and 1 year, weighing about
30 kg, of a mixed milky strain.

Computer Morphology Research

The lambs were anesthetized with xylazine - 0.25 mg / kg i.m., and, to deepen the narcosis — with
thiopental sodium 6,6 - 8,8 mg / kg i.v. The animals had not been fed for 10 — 12 hours before the
observation. The animals were fixed in sternal recumbency. After providing operational access to a.
femoralis, a 4F-thick and a 11.0 cm long arterial transradial catheter was introduced. Ultraviolet iodine
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contrast (ULTRAVIST ® 370 769 mg / ml solution for injection / infusion iopromide) was injected through
the catheter via an infusion pump — 0,5 ml per 1 sec. The computer-based imaging was performed by
Picker® CT PQ 5000 spiral computerized tomograph. The CT scanning was performed in transverse
planes starting from the middle of the femur to the middle of the tibia. The slices were at intervals of 2mm
and were 1.5 mm thick. The scanning was carried out by the DICOM Viewer computer software ®.
Puncture holes were sutured. The animals recovered completely after the interventions.

Results:

The major blood vessels: the popliteal artery and vein, the lateral and the medial saphenous veins, were
monitored in all CT images (slices) throughout the length of the knee joint and the two pelvic limbs of the
sheep studied (Figures 1, 2, 3, 4).

In the CT image of the distal part of the femoropatellar joint a number of vessels that go through it are
visualized: the saphenous artery is subcutaneous and cranial of the medial saphenous vein; the genicular
artery and vein are positioned medially and deeply; and the caudal femoral artery is visualized laterally
and is placed deeper than the lateral saphenous vein, between m. gastrocnemius and m. biceps femoris
(Figure 1). These arteries are located proximally to the femoral artery.

Fig. 1. CT image of the distal part of the femoropatellar joint of the left hindlimb of the sheep: Ap —
popliteal artery, Acf — caudal femoral artery, As — saphenous artery, Vsl — lateral saphenous vein,
Vsm — medial saphenous vein, Vp — popliteal vein, Avgd — descend genicular artery and vein.
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At the level of the femoral condyles of the sheep a. genus distalis lateralis and a.genus distalis medialis
that branch from the popliteal artery in sheep are detected bilaterally (Fig. 2). Their continuations
accompanied by the corresponding veins are registered caudally towards the femorotibial joint (Fig. 3). In
the same slice, the saphenous artery is observed medially; and the caudal femoral artery and vein are
observed laterally - under m. biceps femoris (Figure 3).

The same blood vessels with the same disposition but distal from the previous level are shown in the last
CT image (Fig. 4). The terminal branches of a. and v. genus distalis lateralis and the medial eponymous
artery and vein that supply the collateral ligaments and the muscles around them are also visualized in
Fig. 4. The same figure shows the continuation of the left and right saphenous arteries and a. genus
media (Fig. 4), which supply the knee joint cruciate ligaments in the sheep. This artery is identified at the
level of the femorotibial joint, between the femoral condyles and the popliteal artery (Fig. 4). The knee
veins are traced in the CT images from their origin to their opening into the popliteal vein.

Fig. 2. CT image of the femoral condylies of the right hindlimb of the sheep — Ap — popliteal artery,
Vp — popliteal vein, Agl — distal lateral genicular artery, Agdm — distal medial genicular artery.
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Fig. 3. CT image of the femorotibial joint of the left hindlimb of the sheep — Ap — popliteal artery,
Avcf — caudal femoral artery and vein, As — saphenous artery, Vsl — lateral saphenous vein, Vsm —
medial saphenous vein, Vp — popliteal vein, Avgdl — distal lateral genicular artery and vein, Avgdm
— distal medial genicular artery and vein.

Fig. 4. CT image of the distal part of the femorotibial joint of the right hindlimb of the sheep — Ap —
popliteal artery, Avcf — caudal femoral artery, As — saphenous artery, Vsl — lateral saphenous vein,
Vsm — medial saphenous vein, Vp — popliteal vein, Avgdl — distal lateral genicular artery and vein,
Agdm - distal medial genicular artery, Vgdm - distal medial genicular vein, Agm — middle
genicular artery.
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Discussion

The popliteal artery accompanied by the eponymous vein are placed deeply below the corresponding
muscle, between the femoral condyles and tibia (Getty, 1975; Schaller, 2007; Ashdown and Done,
2010).The artery is always placed lateral and the vein is always medial. This topography of the vessels is
also described in horses (Ashdown and Done, 2010) and dogs (Done et al., 2009). In this study we
confirmed the same topography in the sheep. In the knee area the femoral artery has three branches: the
most proximal branch is a. saphena, followed by a. genus descendens, and the last branch is a. caudalis
femoris. It is the place where the femoral artery continues as the popliteal artery (Getty, 1975; Schaller,
2007; Ashdown and Done, 2010). This artery accompanied by the eponymous vein and represented as a.
and v. caudalis femoris distalis in the dog’s pelvic limb has been detected by computed tomography
(Georgiev et al., 2011). The main branches of the femoral artery in the sheep as well as a. caudalis
femoris were visualized, traced and confirmed by the CT scans that we performed. In ruminants a. genus
proximalis lateralis begins from a. caudalis femoris (Getty, 1975; Schaller, 2007) and together with a.
circumflexa femoris medialis supplies blood to the deep popliteal lymph node in the sheep (Heath et al.,
1983). We could not identify those arteries. Bilaterally aa. genus distalis medialis et lateralis are
continuations of the popliteal artery and a. genus media is more distal from them (Getty, 1975; Schaller,
2007), which we observed too. A. genus media is directed cranially and supplies the femoropatelar joint
and cranial cruciate ligaments, which are also supplied by a. genus descendens in sheep (Getty, 1975;
Schaller, 2007; Ashdown and Done, 2010; Takroni et al., 1997). These two arteries were also detected by
the authors of the present CT angiography. Besides them, in the area above the heads of m.
gastrocnemius a few aa. surales are detached from a. poplitea (Getty, 1975; Schaller, 2007), which we
were unable to visualize.

The deep veins in the knee region flow into the popliteal vein (Getty, 1975; Schaller, 2007), which is easily
tracked at the sequential CT images that we made. In the nomenclature the veins are denoted by one
name - vv. genus (Schaller, 2007), but for the sake of clarity, we assigned to them the names of the
corresponding arteries. The superficial veins that do not accompany in their course the eponymous
arteries are v. saphena medials, and v. saphena lateralis, which is the biggest one in ruminants (Getty,
1975; Schaller, 2007; Ashdown and Done, 2010). It is visible in CT scan of the pelvic limb in the sheep
too. According to May, 1955 a. saphena lies between the corresponding nerve and v. saphena medials,
medial to the knee, the vein being caudally located, which we also observed. It is specific that in ruminants
the lateral saphenous vein flows into v.circumflexa femoris medialis (Getty, 1975; Schaller, 2007), which is
higher than the knee area, which we studied.

CT angiography of the knee joint in the sheep is a more advantageous method than the digital
venography of cattle, sheep, goats (Santos et al., 2016) and goat's arteriography (Burns and Cornell,
1981; Nazhvani, 2007). By digital venography and arteriography one can observe either arteries or veins,
while CT angiography allows simultaneous imaging of both parts of the circulatory system. The research
of the digit vessels has been provoked by the various diseases of the fingers and the hoof in the ruminants
that are more common than the knee joint injuries. (Gantke et al., 1998; Nazhvani et al., 2007). While the
grounds of the present study is that the knee joint of the sheep can be used as a model for meniscal
surgery in humans, which provides guidance for a wide variety of studies in this area and is carried out in
the sheep (Takroni et al., 1997, Saitz et al., 1997 ; Chevrier et al., 2009).
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Conclusion

CT arthrography has been recommended by some authors for the diagnosis and monitoring of the joint-
cartilage defects of the knee joint in the sheep (Hontoir et al., 2017), which we can support based on the
results of the present study of the blood vessels in this area. This communication enables us to point to
this imaging method as extremely important for the recovery assessment after surgical manipulations and
in cases of osteoarthritis of the knee joint in the sheep (Burger et al., 2007).
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