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Abstract The contribution of the inferior lateral geni-
cular artery (ILGA) and the anterior tibial recurrent
artery (ATRA) in the arterial supply of the lateral tibial
condyle (LTC) has not been comprehensively studied
and remains controversial. Eleven knee joints were in-
jected with colored latex and the arteries were dissected
macroscopically. The ATRA yielded several osseous
branches supplying the tibial metaphysis and the ante-
rior part of the tibial epiphysis and several rami sup-
plying the anterior tibial tuberosity and the lower part of
the patellar tendon. The ILGA ran under the lateral
collateral ligament and had a horizontal direction to-
wards the retro-patellar fat pad. The ILGA yielded 4–6
branches ascending or descending perpendicularly to its
main direction. Full anastomoses between branches de-
rived from the ATRA and the ILGA were observed in
front and behind the lateral intercondylar tubercle in all
the specimens, but each vessel seemed to provide pre-
dominantly the blood supply to a specific area. The
anterior part of the LTC drew its blood supply from the
ATRA, the posterior part from the ILGA and the mid-
portion from both arteries. The standard anterolateral
approach to LTC fractures with sub-meniscal arthro-
tomy appears particularly harmful to epiphyseal vascu-
larization since it interrupts many of the branches
deriving from the ILGA and ATRA. The recent devel-
opment of arthroscopy in the treatment of LTC frac-
tures may be particularly advantageous as it spares the
vascularization of the LTC.
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Introduction

Among the tibial condyle fractures, single-tuberosity
fractures of the lateral tibial condyle (LTC) are the most
frequent. Their treatment is most often surgical and aims
to achieve anatomical and stable reduction to enable ra-
pid mobilization of the knee after the procedure [23]. The
treatment is usually conducted through an open-wound
via an anterolateral approach with anterior desinsertion
of the muscles of the leg. Stabilization is then ensured by
screws or an epiphyseal plate, particularly when a
crushing component is present. More recently, several
publications have reported the value of arthroscopy in the
treatment of fractures of the LTC. Arthroscopy enables,
via limited access wounds, evacuation of hemarthrosis, a
precise assessment of the joint lesions, and control of the
articular surface after reduction. Arthroscopy is associ-
ated with light percutaneous osteosynthesis usually
without bone grafting. The method is minimally invasive
and is gradually becoming a reliable alternative to con-
ventional surgery [1, 2, 9, 10, 15]. In addition to the direct
image of the joint surface procured by the endoscope, the
method is advantageous in that it spares the vasculari-
zation of the LTC deriving from the inferior lateral gen-
icular artery (ILGA) and the anterior tibial recurrent
artery (ATRA) [4, 21, 22] (Figure 1). The contribution of
each of those two arteries to the epiphyseal vasculariza-
tion of the LTC has not been studied extensively and the
subject remains controversial. While the studies by
Martinez [13] and Kirschner et al. [12] have stressed the
importance of the ILGA, that of Gambarelli [8] assigns a
more important role to the ATRA.

The objectives of this study were to evaluate the
contribution of the ATRA and ILGA to arterial vas-
cularization of the LTC and envisage the consequences
of anterolateral surgical access routes on tibial epiphy-
seal vascularization.
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Material and methods

The study was conducted on 11 knees, 6 right and 5 left
knees, derived from 6 embalmed cadavers free from
scars. The donors were three men and three women of
mean age 76.8 years. Their mean height was 168 ±
8 cm.

All the knees underwent stain injection using the
same technique via a longitudinal posterior approach.
The popliteal artery was used as a chamber of injection,
and was approached by its medial side in order not to
damage the rami supplying the LTC. The pedicle sup-
plying the medial head of the gastrocnemius muscle was
systematically ligated. The popliteal artery was dissected
along all its length and ligated downstream of the
superior genicular arteries. The proximal part of the
posterior tibial artery was ligated. After location of the
ILGA, a third ligation was left upstream of the popliteal
artery bifurcation, thus separating the artery into two
injection chambers: one for the ILGA, the other for the
ATRA (Figure 2). After flushing the artery with normal
saline solution until peripheral venous distension was
achieved, some 50 ml of latex (Neoprene Latex 671, UK,
Dupont Limited�), stained with eosin (2% aqueous
eosin, 5 ml Gilbert�) or methylene blue (methylene
blue, 2 ml, Gilbert�), was injected manually under

pressure into each of the arteries in succession. Injection
was initiated randomly in either the ILGA or the
ATRA, using each of the stains in alternation (Table 1).

The study began with a description of the ramifica-
tions of the various arterial branches supplying the LTC.
The ATRA was dissected by an anterolateral approach.
The anterior tibial muscle was reclined taking care not to
damage the collaterals of the ATRA. The metaphyseal
and epiphyseal distribution of the various branches was
noted together with their relationships with the joint
capsule of the knee. The ILGA was exposed through a
window cut, 5 cm in width and 7–8 cm in length, in the
iliotibial tract above the lateral intercondylar tubercle.
The iliotibial tract was left inserted in the lateral in-
tercondylar tubercle and turned back to expose the
ILGA and its various collaterals. The distance of that
artery relative to the joint line was measured.

Fig. 2 Posterior view of the right popliteal artery. The popliteal
artery is separated into two injection chambers. The first black
arrow indicates the chamber for the anterior tibial artery (ATA),
and the second the chamber for the inferior lateral genicular artery
(ILGA). PA, popliteal artery; PTA, posterior tibial artery

Fig. 1 Vascularization of the lateral tibial condyle by the inferior
lateral genicular artery and the anterior tibial recurrent artery.
ATA, anterior tibial artery; ILGA, inferior lateral genicular artery;
LCL, lateral collateral ligament; ATRA, anterior tibial recurrent
artery; F, fibula; T, tibia
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Following a descriptive analysis, the knee was dis-
jointed and the bone segments bore. The LTC was then
cut into 3–4 mm slices to study the intraosseous vascu-
larization. Eight to ten para-sagittal sections were ob-
tained depending on the size of the tibia. Each section
was then measured (height, anteroposterior length,
thickness) and examined. The presence of intraosseous
vessels was reported and the intraosseous stain distri-
bution on each section was documented in a diagram.

Results

Latex injection was considered easy in all cases. In all
specimens, marked reflux of stained latex was observed
at the level of the second artery suggesting the existence
of full anastomosis of the two arterial networks. Dif-
ferent staining of the two vessels was only obtained
twice. Table 2 summarizes the staining obtained on the
two arterial networks as a function of the order of
injection and color. When both networks were the same
color, the proximal portion of the ILGA and ATRA was
dissected and arteriotomy conducted in order to check
that the injection chamber did indeed communicate with
the injected artery.

Ramification of the two arterial networks

The ATRA derived, in all cases, from the first few cen-
timeters of the anterior tibial artery at an average dis-
tance of 8 cm below the joint line. The arterial path was
ascending, and oblique upwards and forwards, along the
anterolateral surface of the tibial metaphysis. The artery
showed a fan-like network (Figure 3) reaching the
anterior tibial tuberosity and the patellar tendon as well
as, above, the joint line. In all the cases, the ATRA

yielded two highly asymmetrical branches: a lateral
branch that supplied the head and neck of the fibula and
a more bulky medial vessel that supplied a more exten-
sive territory. The medial vessel divided nine times into
two collateral branches and twice into three collateral
branches. The branches of the medial vessel yielded
several rami: metaphyseal osseous rami (between 3 and 7
entry points), anterior epiphyseal osseous rami (between
1 and 4 entry points), several rami supplying the anterior
tibial tuberosity and anastomozing with branches de-
rived from the inferior medial genicular artery, a ramus
supplying the lower part of the patellar tendon, one
ramus or several rami perforating the anterior joint
capsule and anastomozing with branches derived from
the ILGA, and two extra-capsular rami with an
ascending direction, one in front of the lateral interc-
ondylar tubercle and the other behind it, communicating
with branches of the ILGA.

The ILGA was, in all cases, located above the lateral
intercondylar tubercle on the deep face of the iliotibial
tract (Figure 4a). The artery originated from the popli-
teal artery and had a horizontal back to front path. It
turned around the LTC running under the lateral col-
lateral ligament (LCL) and ran in the direction of the
retro-patellar fat pad. In its initial portion behind the
LCL, the artery was located 6–10 mm below the joint
line. In front of the LCL, the artery had an ascending
path crossing the joint line to terminate 10–15 mm
above it (Figure 5b).

Behind the LCL, the ILGA yielded several rami sup-
plying the head of the fibula. In front of the LCL, the
artery gave rise to a series of collateral branches ascending
or descending perpendicularly to the axis of the artery.
Numbering 4–6, these branches were symmetrically ar-
ranged on either side of the artery (Figure 4b). After a
short extra-capsular path, the branches perforated the
capsule, branching out in depth (Figure 6a). In addition

Table 1 Staining used during injection in each artery

ILGA 1 / Blue ILGA 1 / Red ATRA 1 / Blue ATRA 1 / Red

ILGA 2 / Blue 2R / 3R /3L
ILGA 2 / Red 1L / 6R
ATRA 2 / Blue 1R / 2L / 5L
ATRA 2 / Red 4L / 4R / 5R

ILGA, inferior lateral genicular artery; ATRA, anterior tibial recurrent artery; ILGA 1 / Blue: ILGA injected first with blue-colored latex;
4L: case 4, left side

Table 2 Staining obtained on the two arterial networks as a function of the order of injection and color

ILGA 1 / Blue ATRA 2
/ Red

ILGA 1 / Red ATRA 2 /
Blue

ATRA 1 /
Blue ILGA 2
/ Red

ATRA 1 / Red ILGA 2 /
Blue

CASE 4L 4R 5R 1R 2L 5L 1L 6R 2R 3R 3L
ILGA in RED + + + + + + + + + + +
ILGA in BLUE
ATRA in RED + + + + + + + + +
ATRA in BLUE + +

ILGA, inferior lateral genicular artery; ATRA, anterior tibial recurrent artery; ILGA 1 / Blue: ILGA injected first with blue-colored latex;
4L: case 4, left side; ILGA in red: ILGA looked red during dissection
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to those capsular rami, the ILGA also formed two extra-
capsular branches of greater caliber fully communicating
with branches derived from the ATRA.

In all the cases, full anastomosis between the two
branches derived from the ATRA and the ILGA was
demonstrated in front (Figure 5a) and behind the lateral
intercondylar tubercle (Figure 5b). Dissection showed a
blue–red junction zone within a given vessel confirming
this hypothesis. This was observed four times: at the
level of the posterior portion of the ILGA (case 5R), in
the collateral branches of the ILGA (case 6R), in a
posterior branch of the ATRA (case 5L), and in the
intra-capsular network formed by the terminal branches
of those two arteries (case 1L).

The intra-capsular branches of the ATRA formed,
with the branches derived from the ILGA, a vascular
plexus located on the deep surface of the capsule (Fig-
ure 6b). This fine vascular network gave rise to multiple
branches, which penetrated the epiphysis at capsule
insertion zone level. In one case (case 1L), a blue–red
junction was noted in that network, thus confirming the
contribution of both arteries to vascularization of the
LTC. In another case, fine intra-capsular branches ap-
peared to have been stained by both stains and were
violet in color.

Intraosseous vascularization

The mean number of bone sections made was 8.3 (8–10).
The mean anteroposterior length was 47.2 ± 8.4 mm,
the mean height was 26.7 ± 3.9 mm and the mean

thickness was 3.4 ± 0.5 mm. Intraosseous vessels
deriving from the ATRA or ILGA were observed in all
the specimens. They were more numerous on the more
lateral sections but were sometimes visible on sections
through the middle of the LTC. For the ATRA, the
vessels had an anterior entry point and extended several
millimeters in the anteroposterior axis. When the section
plane was parallel to that of the vessel, the vessel path
could be followed into the tibial epiphysis over about
20 mm (Figure 7). For the ILGA, the entry point was
most frequently posterior and the intraosseous path
seemed shorter than that of the branches derived from
the ATRA.

The intraosseous distribution of the stain was difficult
to interpret. While the branches derived from the ATRA
were mainly distributed in the anterior part of the LTC
and those of the ILGA in the posterior part, the inter-
mediate part was vascularized indiscriminately by one or
the other of the arteries. This zone was irregular and
violet in color, yielding a speckled appearance on the
sections.

Discussion

The LTC is vascularized by two periosteal arteries: the
ATRA, a branch of the anterior tibial artery, and the
ILGA, a branch of the popliteal artery. While the
descriptive anatomy of the two arteries is well known [4,
6, 8, 17, 18, 19, 21, 22], the relative contribution of each
of the arteries to vascularization of the LTC is yet to be
fully elucidated and has only been the subject of rare

Fig. 3 The anterior tibial
recurrent artery showed a fan-
like network along the
anterolateral surface of the
tibial metaphysis. The anterior
branch of the anterior tibial
recurrent artery yielded several
osseous branches vascularizing
the tibial metaphysis (black
arrow) and the anterior part of
the tibial epiphysis (red arrow),
several rami supplying the
anterior tibial tuberosity and
the lower part of the patellar
tendon (white arrow). ATT,
anterior tibial tuberosity; PT,
patellar tendon
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publications. For Shim [22], distinct boundaries for the
area supplied by each artery are not possible to define.
Scapinelli [21] stated that the upper tibial epiphysis

receives its blood supply from three groups of arteries
penetrating the epiphysis radially: the juxtametaphyseal
arteries, branches of the anterior and posterior tibial

Fig. 4 a, b A window cut, 5 cm in width and 8 cm in length, was
made in the iliotibial tract to expose the inferior lateral genicular
artery and its collaterals. a The inferior lateral genicular artery ran
under the lateral collateral ligament (black arrow) and had a

horizontal direction towards the retro-patellar fat pad. b The
inferior lateral genicular artery yielded 4–6 branches ascending or
descending perpendicularly to its main direction (black arrow).
ITT, iliotibial tract

Fig. 5 a, b In all the specimens, full anastomosis between branches
derived from the ATRA and the ILGA was observed in front (5a)
and behind (5b) the lateral intercondylar tubercle (black arrows).

The green needle indicates the femoro-tibial joint space. LIT,
lateral intercondylar tubercle
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recurrent arteries; the intercondylar arteries arising from
the middle genicular artery; and the condylar arteries
arising from the genicular arteries. Martinez [13]

considered that the vascularization of the LTC is
exclusively supplied by the ILGA, which turns around
the LTC running directly in contact with it. Martinez

Fig. 7 Intraosseous vessels
deriving from the ATRA had
an anterior entry point, and
extended several millimeters in
the anteroposterior axis (black
arrows)

Fig. 6 a, b The intra-capsular network.aAfter a short extra-capsular
path, the branches derived from the ILGAand theATRAperforated
the capsule and joined to form a vascular plexus located on the deep
surface of the capsule (6a). This network yielded several osseous

branches for the tibial epiphysis. In Fig. 6b, a blue–red junction was
shown (black arrow), thus confirming the contribution of the ILGA
and the ATRA (blue arrows) to the vascularization of the lateral
tibial condyle. LTC, lateral tibial condyle
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considered three posterior branches of good caliber at
the LCL level and multiple small branches, with more
anterior locations, which penetrate the epiphysis in a
radial manner at capsule insertion zone level. The pre-
dominant role of the two inferior lateral arteries in the
vascularization of the proximal tibial epiphysis is also
cited by Kirschner et al. [12] in a study of vascularized
allogenenic grafts of the knee. Other authors [8, 16]
considered that the ILGA plays a less important role.
Less bulky than the inferior medial artery or the ATRA,
the ILGA only rarely reaches the median line. Gam-
barelli [8] considered that the domain of the artery is
more peroneal than tibial.

The contribution of the ATRA to the vascularization
of the LTC is restricted to the metaphyseal region for
most authors. This artery derives from the anterior tibial
artery 6–8 cm beneath the joint line and follows an
ascending path towards the tibial crest [20]. This artery
is much more strongly developed than the ILGA and
gives rise to a considerable number of collateral bran-
ches—Menck et al. [16] report 8–11 and, in the present
study, 10–25 were observed. The branches fan out over
the whole of the anterolateral surface of the tibial me-
taphysis where they give rise to metaphyseal osseous
branches and branches supplying the anterior tibial
tuberosity [19]. The ATRA also contributes to the peri-
patellar circle by anastomozing with rami deriving from
the inferior lateral and inferior medial genicular arteries.

The present study showed that the two arterial net-
works are closely connected and both contribute to the
vascularization of the LTC in adults. Vascularization
occurs through large-caliber epiphyseal vessels and the
intra-capsular capillary plexus.

The posterior epiphyseal vessels derive from the ILGA,
which forms two or three branches behind the LCL. The
anterior epiphyseal vessels are collaterals of the ATRA
branching off before the lateral intercondylar tubercle.
The intraosseous path may be 20 mm in length as ob-
served in certain bone sections.
The intra-capsular capillary plexus observed in the entire
specimens gives rise to most of the epiphyseal vessels. It
is formed by the merging of branches derived from the
ILGA and ATRA, which fully anastomosed in front and
behind the lateral intercondylar tubercle. This intra-
capsular network gives rise to rami over all the periphery
of the LTC. The rami penetrate the bone in a radial
manner at capsule insertion zone level [4, 5, 21].

Study of the intraosseous distribution of the stains on
bone sections showed that the posterior part of the LTC
was vascularized by the posterior epiphyseal collaterals
of the ILGA. The anterior part was constantly vascu-
larized by the anterior epiphyseal collaterals of the
ATRA. The intermediate part was vascularized indif-
ferently by one or the other artery (probably via the
intra-capsular plexus).

Enhanced knowledge of the anatomical relationships
between the two vessels supplying the LTC and their

vascularization territories enables enhanced prediction
of the vascular lesions that may be induced by the var-
ious surgical approaches. To the authors’ knowledge,
this aspect has only been addressed by two anatomical
studies. Kirschner et al. [12], in a global study of the
vascularization of the knee with a view to allogenenic
grafting, propose approaching the knee by its posterior
surface. They advise against damaging the two inferior
arteries, particularly the inferior medial genicular artery.
Martinez’s [13] study addressed the anterolateral ap-
proach in tibial high metaphyseal osteotomy. After a
descriptive study of the relationships between the vari-
ous vessels and the LTC, Martinez concluded that the
approach might damage the ILGA, the main vascular
supply for the LTC. No mention is made of the ATRA
or of the intraosseous vascularization territories. The
present study shows that the anterolateral approach in
fractures of the LTC is likely to jeopardize the LTC
vascularization, since it interrupts a large proportion of
the vessels deriving from the ATRA and the ILGA. The
LTC is usually approached by a curvilinear or oblique
linear route from the lateral intercondylar tubercle and
reaching the tibial crest [14]. The cutaneous margins are
reclined and the aponeurosis of the leg and periosteum
are incised along the length of the lateral tuberosity and
tibial crest. The incision is prolonged over the iliotibial
tract, which is desinserted from the lateral intercondylar
tubercle. The anterior tibial muscle is desinserted under
the periosteum and over some 10 cm in order to expose
the anterior and lateral surfaces of the upper extremity
of the tibia and the upper part of the diaphysis. The joint
is then opened by a horizontal sub-meniscal incision.
Chaix et al. [3] prefer not to desinsert the iliotibial tract
from the external separation fragment and thus conduct
longitudinal arthrotomy in the continuation of the sep-
aration line. This method has the disadvantage of
imposing meniscectomy. After fracture reduction,
numerous authors prefer strong osteosynthesis with an
epiphyseal plate. The length of the plate varies as a
function of the height of the separation line and inser-
tion sometimes necessitates prolonging the desinsertion
of the muscles from the anterior limb over the diaphysis.
Consequences of the anterolateral approach on the
arterial blood supply of the LTC might be summarized
as follows. 1 - The approach to the epiphyseal–meta-
physeal region is conducted sub-periosteally, thus
interrupting all the metaphyseal and epiphyseal rami
deriving from the ATRA. 2 - The ILGA situated above
the joint line in the anterior part of all our specimens
may be damaged on incision of the iliotibial tract. Sit-
uated immediately underneath the fascia, it is nonethe-
less surrounded by a protective accumulation of fat. 3 -
Sub-meniscal arthrotomy, indispensable for imaging the
joint surface, interrupts all the intra-capsular epiphyseal
rami, which penetrate the bone at capsule insertion zone
level.

Overall, only a few posterior epiphyseal rami of the
ILGA, situated behind the LCL, are spared. This
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study shows that extensive lateral surgical approach is
particularly harmful to the vascularization of the LTC
and the lateral soft tissue envelope. Surgical damage of
the epiphyseal and metaphyseal arterial circle may
explain the high complication rate historically associ-
ated with tibial condyle fractures [7]. Complications
include delay in healing, nonunion [7, 11], epiphyseal
necrosis, infection secondary to tissue hypoxia and
osteoarthritis.

Conclusion

The vascularization of the LTC is ensured by both the
ILGA and the ATRA. The ILGA mainly vascularizes
the posterior territory while the ATRA mainly vascu-
larizes the anterior territory of the LTC. The median
sub-chondral region of the LTC is vascularized by a
series of intra-capsular epiphyseal rami derived from the
two arteries. The anterolateral approach to LTC frac-
tures with sub-meniscal arthrotomy appears particularly
harmful to epiphyseal vascularization since it interrupts
many of the branches deriving from the ILGA and
ATRA. The recent development of arthroscopy in the
treatment of LTC fractures offers several advantages
compared to the standard approach. Arthroscopy af-
fords a view of the entire joint surface and enables
precise control of the reduction. Stabilization is then
ensured percutaneously using screws. Most of all, the
arthroscopic management of tibial condyle fractures
enables the devascularization induced by the anterolat-
eral approach to be avoided.
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