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Abstract

Purpose Genicular artery embolisation (GAE) is a novel

treatment for patients with knee osteoarthritis (OA).

Cadaveric dissection was undertaken to provide a complete

description of the relevant arterial anatomy in order to

perform safe and effective GAE.

Materials Twenty human lower limb specimens were

dissected. The morphology of the genicular arteries and

presence of anastomotic connections was recorded and

compared with angiographic images from patients having

undergone GAE. Vessels were measured to investigate the

risk of non-target embolisation (NTE), taking a diameter of

300 microns as the threshold for significance.

Results The descending genicular artery (DGA) is the

dominant vessel in medial OA, with 95% of cases revealing

vessel division into muscular, saphenous and osteoarticular

branches from a single pedicle. The superior medial

genicular artery (SMGA) had a shared origin with the

middle genicular artery (MGA) in 25% of cases. NTE to

the MGA may damage the cruciate ligaments. In 85% of

cases, there was an anastomosis between the DGA and

SMGA, often encountered at angiography. The mean

diameter of the anastomoses was 850 micron, presenting a

risk for NTE. An anastomosis between the Inferior Medial

Genicular Artery (IMGA) and medial sural artery was

found in 5% of cases; the medial sural artery supplies blood

to the tibial nerve and should be avoided. The IMGA and

inferior lateral genicular artery provided supply to the

patellofemoral joint in 69% and 88% of cases, respectively.

Conclusion An in-depth knowledge of genicular artery

anatomy is required for interventional radiologists to per-

form safe and effective GAE in patients with knee

osteoarthritis.
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Introduction

Osteoarthritis (OA) is an extremely common and debili-

tating pathology affecting 22.9% of adults over the age of

40 [1]. The knee is the most common site for OA to occur

making the effective management of this condition of

paramount importance [2]. Currently, the National Institute

for Health and Care Excellence (NICE) recommends a

three-step management approach [3]. This pathway esca-

lates from conservative interventions, such as weight loss,

to pharmacological management with paracetamol and

non-steroidal anti-inflammatory drugs (NSAIDs). Surgical

management is reserved for those suffering from severe

disease resistant to previous treatments and most com-

monly comes in the form of total knee arthroplasty (TKA)

[4]. Although effective for some patient groups, this

treatment pathway faces major challenges in treating some

populations. Patients with mild-moderate disease for whom

conservative and pharmacological approaches have failed

are left with few options if they do not qualify for TKA.

Alongside this, younger individuals with severe disease
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also face significant challenges as they are likely to outlive

the 25-year lifespan of their prosthesis [5]. This exposes

them to the increased risks and chronic pain associated

with revision TKA [5–7]. Genicular artery embolisation

(GAE) has emerged as a potential treatment for patients

with mild to moderate knee OA resistant to conservative

treatments, but not yet severe enough to warrant joint

replacement surgery [8–12].

GAE is grounded upon the pathophysiological finding

that neoangiogenesis and its accompanying neuronal

growth are likely to play a significant role in OA [13]. The

pathological new blood vessel formation seen in knee OA

is exploited as an embolisation target in GAE. Clinical

trials to date have reported consistent signals, with signif-

icant improvements in patients’ pain and function follow-

ing GAE [8–12, 14]. As with all embolotherapy

procedures, minimising non-target embolisation is an

essential part of procedural technique. The most frequently

reported adverse event following GAE is skin discoloura-

tion from non-target embolisation to the overlying skin,

occurring in 12.5 and 65% of patients treated with per-

manent particles [8, 12]. There have also been two reports

of temporary plantar paraesthesia, thought to be due to

non-target embolisation of the vasa nervorum of a branch

of the tibial nerve [12]. A complete understanding of the

anatomy of the genicular arteries, their branches, anasto-

moses and adjacent structures is required. The purpose of

this study was to undertake cadaveric dissection in order to

elucidate the relevant anatomy to perform safe and effec-

tive GAE. Cadaveric findings were compared with angio-

graphic findings from patients having undergone GAE, as

part of the GENESIS study [8], providing a unique and

complete description of the factors that interventional

radiologists must be aware of in order to perform GAE.

Materials and Methods

This study was conducted with oversight from the Human

Tissue Committee at the University of Keele and under the

authority of the Human Tissue Act licence 12,190. Prior to

donation, informed consent was obtained for use of the

human cadaveric material for such studies, and for photo-

graphic documentation to be obtained of the findings.

Angiographic studies come from the GENESIS study with

full ethical approval (IRAS: 237,676). Twenty lower limbs

were dissected at the University of Keele, within the

department of anatomy by a Masters student (AOG) and

anatomist (LW) (Table 1). Specimens consisted of sixteen

formalin-fixed, and four fresh frozen knees. Before inclu-

sion in the study, previously dissected specimens were

meticulously assessed to exclude specimens with vascular

damage. Limbs with any evidence of previous knee surgery

were also excluded.

Cadaveric Dissection

A midline longitudinal incision was made through the skin,

subcutaneous tissue, and facia lata of the posterior lower

limb. This extended at least 20 cm proximal and 10 cm

distal to the tibiofemoral joint line to ensure that all

genicular vessels fell within the dissected window [15, 16].

Once the first incision was completed, a further two cir-

cumferential incisions were made at each extreme, per-

pendicular to the initial incision. After this, the incised

tissues were removed from the limb using blunt and sharp

dissection. Next, the biceps femoris muscle was retracted

laterally whilst the semimembranosus and semitendinosus

muscles were retracted medially. The exposed sciatic nerve

was then removed to uncover the underlying popliteal

vessels and the insertions of the three retracted muscles

were cut, taking care not to damage vascular structures.

The branches of the popliteal artery (PA) were dissected

along their entire length until no longer visible under 1.75

9 magnification. Once dissected, vessels were defined as

follows: descending genicular artery (DGA), superior

medial genicular artery (SMGA), superior lateral genicular

artery (SLGA), middle genicular artery (MGA), inferior

medial genicular artery (IMGA), inferior lateral genicular

artery (ILGA), anterior recurrent tibial artery (ARTA) or

unnamed branches (UB) based upon their area of supply

and trajectory (Table 2).

The morphology of the genicular vessel origins, the

presence of anastomotic connections and the areas supplied

by each vessel were recorded, grouped and quantified. To

assess for the risk of non-target embolisation, anastomotic

vessels were measured three times along their length using

calibrated callipers reading in millimetres (mm) to two

decimal places. Measurements were taken when the

instrument was perpendicular to the direction of travel of

the artery and both inside measuring faces were in contact

with, but not indenting the outer vessel walls. This process

was completed three times for each site and a mean

acquired. A vessel diameter of 300 lm or greater was

chosen as presenting a significant risk of non-target

Table 1 Characteristics of the 20 cadavers

Median age (range)(years) 84.5 (53–94)

Male, n (%) 10 (50%)

Right knee, n (%) 8 (40%)

History of peripheral vascular disease, n (%) 1 (5%)

History of diabetes, n (%) 3 (15%)
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embolisation, as this value would allow the passage of

300-micron particles, which are the largest permanent

particles currently used in GAE for patients with knee OA

[8].

The circumferential origins of the genicular vessels from

the popliteal artery were recorded to the nearest 5� using a

goniometer. Limbs were placed prone with the prominence

of the tibial tuberosity perpendicular to the floor. 0� was

defined as the most inferior portion of the PA circumfer-

ence at the level of the respective vessel’s origin. This

method accounted for the tortuosity of the popliteal artery

and allowed for the translation of results to patients laying

supine during GAE. Angles were recorded as 0–180�
medial or 0–180� lateral, to allow for the unification of data

from left and right-sided limbs. For accuracy, each angle

was measured three times per vessel, and the mean

calculated.

Finally, the distance between the genicular vessels and

the DGA was also measured. The distance was recorded

using string extended along the course of the PA from the

DGA origin to the origin of the respective vessel. A needle

holder was attached along the string at the site of each

origin before removing to measure the distance to the

nearest mm. An average was taken using three measure-

ments per origin. This technique ensured that measured

distances represented the true length for microcatheter

catheterisation during GAE.

Angiographic images are presented from patients

undergoing GAE as previously described [8].

Descriptive statistics were used to compare genicular

anatomy across the study sample.

Results

Anatomical Considerations for Treating Medial

Compartment OA with GAE

In this study, the medial compartment of the knee was

shown to be supplied by the Descending Genicular Artery

(DGA), Superior Medial genicular Artery (SMGA) and

Inferior Medial Genicular Artery (IMGA). In all cases, the

DGA originated from the distal superficial femoral artery

(SFA) in the region of the adductor hiatus from its own

pedicle. Once the vessel had arisen, it produced three major

branches: a muscular, a saphenous, and an osteoarticular

branch, alongside small cutaneous perforators. In 19 cases,

all three branches originated from a single DGA pedicle

(95%); one case possessed a shared origin of the muscular

and saphenous vessels alongside a separate, more inferior,

osteoarticular pedicle (5%). Of those with a single pedicle,

vessels arose either from trifurcation or bifurcation. In

bifurcation, the muscular or saphenous branch divided

away from a shared vessel which gave rise to the remaining

two arteries more distally (Fig. 1a).

Each of the three DGA branches had a consistent area of

supply. After originating, the muscular branch promptly

entered the substance of the vastus medialis muscle, whilst

also giving branches to the sartorius and gracilis muscles.

The saphenous branch followed the trajectory of the

saphenous nerve to provide cutaneous supply to the medial

thigh and knee, constituting an important consideration for

cutaneous non-target embolisation. In 19% of cases, the

saphenous branch produced a subdivision that continued

deeply to supply the anterior knee and patellofemoral joint.

Finally, the osteoarticular branch continued longitudinally,

following the course of the vastus medialis tendon to reach

the medial epicondyle of the femur. Once reached, the

Table 2 Genicular vessel definitions

Descending genisular artery (DGA) Vessel originating medially from the Popliteal Artery descending towards and supplying the tibiofemoral

joint

Superior medial genicular artery

(SMGA)

Vessel traversing across the medial femoral epicondyle. The vessel turns anteriorly to supply the medial

aspect of the knee

Superior lateral genicular artery

(SLGA)

Vessel traversing across the lateral femoral epicondyle. The vessel turns anteriorly to supply the lateral

aspect of the knee

Middle genicular artery (MGA) Vessel traversing deeply into the knee to supply its internal structures

Inferior medial Genicular artery

(IMGA)

Vessel originating below the superior vessels travelling medially across the tibia to the medial aspect of

the knee

Inferior Lateral Genicular Artery

(ILGA)

Vessel originating below the superior vessels travelling laterally across the tibia and fibula to the lateral

aspect of the knee

Anterior recurrent tibial artery

(ARTA)

Anterior and superior travelling vessel originating from the anterior tibial artery

Unnamed branch (UB) Vessels that do not fit other descriptions
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vessel turned anteriorly to supply the tissues of the medial

femoral condyle via a longitudinal and transverse branch.

From a technical perspective, the DGA is the easiest vessel

to cannulate as it arises vertically from the distal SFA, and

should therefore be the first vessel interrogated in patients

with medial compartment OA. It is recognisable

angiographically as it forks into the saphenous (lateral) and

osteoarticular (medial) branches (Fig. 1b).

Unlike the Descending GA, the Superior Medial GA

originated from a separate pedicle in only 70% of cases.

The SMGA arose from a shared pedicle with the Middle

GA in 25% of specimens (Fig. 2b) and from a triple

SMGA-MGA-SLGA origin in a single case (5%) (Fig. 2e).

Red: Descending Genicular Artery bifurcating 
into the medial osteoarticular, and lateral 
saphenous branches 

Light Blue: Superior Medial Genicular Artery 

Purple: Inferior Medial Genicular Artery 

Green: Inferior Lateral Genicular Artery 

Dark Blue: Superior Lateral Genicular Artery 

Yellow: Anterior Tibial Recurrent Genicular 
Artery 

(a)

(b)

Fig. 1 a: Schematic of the

genicular arteries at

dissection. b: Assessment of the

genicular arteries using digital

subtraction angiography.

DGA = Descending genicular

artery, SMGA = Superior

medial genicular artery,

SLGA = Superior lateral

genicular artery,

MGA = Middle genicular

artery, IMGA = Inferior medial

genicular artery,

ILGA = Inferior lateral

genicular artery, PA = Popliteal

artery
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It is important to identify the Middle GA as it supplies the

anterior and posterior cruciate ligaments, and should

therefore be avoided in GAE [17]. Irrespective of origin,

the SMGA traversed the medial aspect of the distal femur

before bifurcating into a large superior branch and a much

smaller inferior branch. This division typically occurred

2/3 along its length, with the superior branch travelling

transversely and the inferior branch longitudinally to sup-

ply the medial knee. As they moved anteriorly the two

branches of the SMGA produced perforating branches to

the local soft tissues including the skin and synovium.

The Inferior Medial GA had a shared origin with the

Inferior Lateral GA in only one case (Fig. 2d), with the

remaining 19 specimens demonstrating separate origins.

The IMGA traversed the medial aspect of the proximal

femur in an inferomedial direction to supply the medial

knee producing small branches which supplied the local

soft tissues along its course. Once anterior, this vessel

turned superiorly towards the patella to supply the medial

and anterior knee with 69% of cases giving branches to the

patellofemoral joint, which is important when considering

GAE in patients with patellofemoral joint OA.

The vessels of the medial compartment demonstrated

several important anastomotic connections. The most

common of these was an anastomosis between the

Descending GA and Superior Medial GA, which occurred

in 85% of specimens (17 cases) (Fig. 3, Type M1)

(Fig. 4a). This anastomosis is commonly encountered

during GAE (Fig. 4b) and retrograde flow through the

SMGA from the DGA is a potential source of non-target

embolisation down the leg. Typically, this anastomosis

occurs between the osteoarticular branch of the DGA

(before it divides into its longitudinal and transverse

branches), and the superior branch of the SMGA. In the

fixed specimens, the mean diameter of these vessels was

850 micron (SD = 205 micron), constituting a potential

risk for non-target embolisation. All fresh frozen anasto-

moses also provided diameters larger than 300 microns

with a mean of 1060 micron (SD = 225 micron). This

measurement difference between specimen preparations is

likely due to the shrinkage effect resulting from formalin

fixation [18].

From our experience, the DGA-SMGA anastomosis

described can be overcome by either advancing the

microcatheter into the DGA to exclude the SMGA anas-

tomosis, or repositioning the microcatheter into the SMGA.

By embolising from the SMGA in the presence of the

above anastomoses, the DGA becomes the anastomotic

outflow vessel; the DGA is the longest of the genicular

arteries, and hence the chance of significant non-target

embolisation is reduced (Fig. 4c).

The second most frequent medial anastomosis was cre-

ated by an Unnamed Branch (UB) connecting the SMGA

with the PA, occurring in 15% of specimens (Fig. 3, Type

M2). Similar to this, the DGA was also connected to the

PA by an UB in 10% of cases (Fig. 3, Type M3). All UB

connections were significant for risk of non-target

embolisation down the leg, with a fixed mean diameter of

680 micron (SD = 240 micron) and a fresh frozen diam-

eter of 580 micron (SD = 108 micron).

Fig. 2 Schematic of the proximal branching patterns of the six

genicular arteries in order of frequency. DGA = Descending genic-

ular artery, SMGA = Superior medial genicular artery,

SLGA = Superior lateral genicular artery, MGA = Middle genicular

artery, IMGA = Inferior medial genicular artery, ILGA = Inferior

lateral genicular artery, PA = Popliteal artery
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The final anastomotic connection identified was between

the Inferior Medial GA (IMGA) and the medial sural artery

(Fig. 3, Type M4). This variant was present in one case

(5%), and possessed a diameter of 1430micron. The

anastomosis with the medial sural artery warrants particu-

lar consideration, as it provides blood supply to the tibial

nerve. Embolisation of the medial sural artery may there-

fore result in lower limb paraesthesia and must be identi-

fied at angiography (Fig. 4b).

Fig. 3 Schematic representation of anastomotic connections found

between specimens in the study. DGA = Descending genicular artery,

SMGA = Superior medial genicular artery, SLGA = Superior lateral

genicular artery, MGA = Middle Genicular artery, IMGA = Inferior

medial genicular artery, ILGA = Inferior lateral genicular artery,

PA = Popliteal artery, UB = Unnamed branch, LSA = Lateral sural

artery, MSA = Medial sural artery

Cadaveric and Angiographic Anatomical Considerations…

123

JP Gravendeel



Anatomical Considerations for Treating Lateral

Compartment OA with GAE

The lateral compartment of the knee was supplied by the

Superior Lateral Genicular Artery (SLGA) and Inferior

Lateral Genicular Artery (ILGA). The most common

morphology for the SLGA origin was a vessel arising from

an individual pedicle (80%). However, in four specimens

(20%), the ILGA shared an origin with the Middle

Genicular Artery (MGA). The SLGA traversed the lateral

epicondyle of the femur dividing into three branches in all

cases. Most commonly, the SLGA bifurcated, producing a

superficial patellar branch and a deep articular branch. The

superficial patellar branch traversed laterally to supply the

anterior knee and patellofemoral joint in all cases. The

deep branch turned inferiorly to supply the structures of the

lateral knee. Along the length of the superficial patellar

branch, a septocutaneous vessel was identified, supplying

the iliotibial band and its overlying skin (Fig. 5). Less

commonly the SLGA trifurcated (45%), though its vessels

still supplied the same territories.

The Inferior Lateral GA most commonly arose from an

individual pedicle (95%) and in one case possessed a

common origin with the Inferior Medial GA (Fig. 2d).

After its origin, the ILGA traversed laterally across the

tibia and fibula and in the first 1/3 of its length gave off a

small superior branch to supply the plantaris muscle. From

this branch, the vessel coursed anterolaterally to supply the

lateral knee joint producing small soft tissue branches

along its length. Similar to the IMGA, the ILGA turns

superiorly once anterior to supply the anterior knee,

including the patellofemoral joint in 88% of cases.

Two genicular anastomoses were found in the lateral

knee. The first was between the ILGA and lateral sural

artery, which was present in 15% of cases (Fig. 3, Type

L1). These anastomoses were all noteworthy, with a mean

diameter of 1490 micron (SD = 341 micron) and place

the lateral gastrocnemius muscle at risk of non-target

bFig. 4 a: Cadaveric dissection of the DGA-SMGA anastomosis in a

left lower limb viewed from posterior. The Descending Genicular

Artery (Red) originates from the distal SFA (Bright green) and

descends the medial thigh. The osteoarticular branch of the DGA

forms an anastomosis (purple) with the Superior Medial Genicular

Artery (Light blue) where the two vessels meet. Superior (S), Inferior

(I), Lateral (L) and Medial (M). b: Microcatheter cannulation of the

osteoarticular branch of the Descending Genicular Artery (dashed

blue arrow) revealing hyperaemia within the medial compartment

(circle), with anastomosis with the Superior Medial Genicular Artery

(red-dotted arrow) and retrograde contrast flow into the Superior

Lateral Genicular Artery (purple dot-dash arrow) and medial sural

arteries (solid dark brown arrow). c: Repositioning of microcatheter

into Superior Medial Genicular Artery with reflux into the long

Descending Genicular Artery
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embolisation. The second anastomosis was present in one

specimen and consisted of a communication between the

SLGA and popliteal artery by an unnamed branch (UB)

(Fig. 3, Type L2). This anastomosis was also important, as

it had a diameter of 1020 micron, risking non-target

embolisation down the leg.

Anatomical Considerations for Treating

Patellofemoral OA with GAE

Two superior, and two inferior genicular branches were

found to provide vascular supply to the patellofemoral joint

in the 16 fixed specimens. The two superior vessels con-

sisted of a branch of the saphenous division of the

Descending Genicular Artery, which was present in 19% of

cases, and the superficial patellar branch of the Superior

Lateral Genicular Artery which was present in all fixed

specimens (Fig. 6). The terminal branches of the Inferior

Medial, and Inferior Lateral Genicular arteries represented

the two inferior vessels. The IMGA provided branches to

the patellofemoral joint in 69% of cases whilst the ILGA

provided patellofemoral terminal branches in 88% of fixed

specimens.

Anatomical Considerations for Vessel Cannulation

The circumferential positions of the genicular arteries in

specimens without shared origins are represented in

Table 3 and Fig. 7 and were studied to aid cannulation

during GAE. Where shared origins were present, speci-

mens demonstrated consistent changes in ostial location.

All Superior Lateral GA-Middle GA origins were found to

arise from the 0� position, as were the Superior Medial GA-

Superior Lateral GA-Middle GA and Inferior Medial GA-

Inferior Lateral GA shared pedicles. Superior Medial GA-

Middle GA shared origins were found at two positions,

Fig. 5 Digital subtraction angiography of the genicular arteries

revealing hyperaemia within the medial compartment (red circle)

supplied by an anastomosis between the osteoarticular branch of the

Descending Genicular Artery (dashed blue arrow), and Inferior

Medial Genicular Artery (purple dotted arrow). The Superior Lateral

Genicular Artery gives rise to a septocutaneous branch (solid blue

arrow)

Fig. 6 Schematic representation of the four genicular branches found

to supply the patellofemoral joint. DGA = Descending genicular

artery, SLGA = Superior lateral genicular artery, IMGA = Inferior

medial genicular artery, ILGA = Inferior lateral genicular artery

Table 3 Vessel Ostia circumferential origin (0–180� M/L)

Direction of angle Range Mean SD (95% CI)

DGA Medial 90–90 90 ± 0

SMGA Medial 30–45 38.3 ± 4.87

SLGA Lateral 30–45 33.3 ± 4.074

MGA Medial 0–0 0 ± 0

IMGA Medial 30–60 36.7 ± 6.712

ILGA Lateral 45–60 57.9 ± 3.888

DGA = Descending genicular artery, SMGA = Superior medial

genicular artery, SLGA = Superior lateral genicular artery,

MGA = Middle genicular artery, IMGA = Inferior medial genicular

artery, ILGA = Inferior lateral genicular artery
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with 40% arising from the typical Middle GA location at 0�
and the other 60% arising from the typical Superior Medial

GA position between 30 and 45� medially. Specimens with

an anastomosis between the Inferior Medial GA and medial

sural artery arose from the typical IMGA position between

30 and 60�. Finally, no consistent pattern of origin was

observed in specimens with Inferior Lateral GA-lateral

sural artery anastomoses, with the two cases possessing

ILGA origins at 45� and 120� laterally.
Table 4 summarises the distance of the genicular vessels

from the DGA. The superior vessels originated in a con-

sistent order with the Descending GA arising most proxi-

mally, followed by the Superior Medial GA, Superior

Lateral GA and Middle GA in all cases (Fig. 1b). The

inferior vessels demonstrated some variation in their order

of origin. In the 19 specimens with separate inferior vessel

origins, the Inferior Medial GA arose proximal to the

Inferior Lateral GA in 74% of cases. In the other 26%, the

Inferior Lateral GA arose more proximally.

Discussion

This study delineates the cadaveric anatomy of GAE in

humans and builds on previous angiographic work [19],

providing several key insights regarding the safety of GAE

and technical considerations when performing this proce-

dure in patients with knee OA. The identification of key

anastomoses, branching patterns, and ostial origins of the

genicular arteries will aid technical success, reducing

procedural time, radiation dose and minimise non-target

embolisation.

Knowledge of the proximal branching pattern of the

genicular arteries may prevent proximal non-target

embolisation, particularly in shared origins involving the

Middle Genicular Artery, which may result in damage of

the cruciate ligaments [20, 21]. This study has elucidated

three variants of shared origins involving the Middle GA.

1. Superior Medial GA-Middle GA, 2. Superior Lateral

GA-Middle GA and 3. Superior Medial GA-Middle GA-

Superior Lateral GA shared pedicles.

This study and previous works in the field of plastic

surgery have identified branches of the Descending GA and

Superior Lateral GA with clear areas of cutaneous supply

[15, 22, 23]. Cutaneous supply may be avoided by

embolising distal to the saphenous and septocutaneous

branches. However, circumvention of these vessels does

not guarantee the avoidance of all cutaneous tissue, due to

the presence of smaller cutaneous branches along the

length of the superior vessels. As the Inferior Lateral GA

and Inferior Medial GA also possess unavoidable cuta-

neous branches, other strategies are needed to minimise

cutaneous non-target embolisation. It is for this reason, that

the GENESIS study employed the ice-pack technique to

induce temporary vasoconstriction of cutaneous vessels.

From the interim analysis of the GENSIS study, this simple

technique resulted in a 12.5% rate of non-target emboli-

sation to the skin [8], significantly less than 65% [12] and

Fig. 7 Diagram demonstrating

the circumferential angles of the

genicular vessels in a right

lower limb viewed from below.

DGA = Descending genicular

artery, SMGA = Superior

medial genicular artery,

SLGA = Superior lateral

genicular artery,

MGA = Middle genicular

artery, IMGA = Inferior medial

genicular artery,

ILGA = Inferior lateral

genicular artery, PA = Popliteal

artery

Table 4 Vessel distance from DGA (mm)

Range Mean SD (95% CI)

SMGA 61–126.7 83.6 ± 4.567

SLGA 70.7–131 93.6 ± 4.246

MGA 69–131 94.8 ± 4.926

IMGA 114.3–170 133.4 ± 4.535

ILGA 104.7–175.3 137.6 ± 5.473

DGA = Descending genicular artery, SMGA = Superior medial

genicular artery, SLGA = Superior lateral genicular artery,

MGA = Middle genicular artery, IMGA = Inferior medial genicular

artery, ILGA = Inferior lateral genicular artery
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57% [11] from comparable studies also using a permanent

embolic agent.

The genicular arterial anastomoses can improve the

efficiency of embolisation, as it negates having to cannu-

late all arteries supplying an osteoarthritic territory, how-

ever, they may result in serious non-target embolisation.

Medial compartment OA is the most common disease

pattern, as this is the weight-bearing portion of the joint. As

a consequence, GAE of the medial compartment is the

most commonly encountered anatomy. The Descending

GA-Superior Medial GA anastomosis is present in the

majority of patients (85%) and must be identified at

angiography in order to minimise non-target embolisation

to the lower limb (Fig. 4). The Inferior Medial GA also

needs to be assessed for connections with the medial sural

artery. Branches of the medial sural artery supply the tibial

nerve, and therefore non-target embolisation has the theo-

retical potential to cause postprocedural paraesthesia and

weakness, as reported by Bagla et al. [12]. Comparatively,

the lateral sural artery supplies muscular structures making

non-target embolisation to this vessel via the Inferior Lat-

eral GA less clinically important. Finally, the presence of

unnamed Branches (UB) must be identified. UB between

the DGA and PA may be mistaken for the SMGA, whilst

other UB anastomoses could provide a route for emboli-

sation material to re-enter the PA.

The results of this study also provide the opportunity for

the expansion of the technique to treat patients with

patellofemoral OA, which is a particularly challenging

joint to treat. The presence of consistent genicular vessels

which supply the patellofemoral joint provides a roadmap

for embolisation treatment of this disease. Based on the

cadaveric findings, the IMGA, and ILGAs should be the

first vessels interrogated at angiography.

There are a number of limitations to this study. Firstly,

the sample size is small, limiting generalisability. Sec-

ondly, our findings were based on cadaveric dissection;

blood supply to specific territories may alter within live

perfusion, and among individuals’ dependent on factors

such as age, gender, and degree of atherosclerosis, which

were not controlled for in this study. Finally, sixteen

specimens were formalin-fixed, and four were fresh frozen,

which may cause a difference in vessel diameters, as for-

malin fixation can result in vessel shrinkage.

This study describes the anatomy of the genicular

arteries through cadaveric dissection, and angiography.

The origins of the genicular arteries are described to aid

cannulation during GAE, and important arterial anasto-

moses are described to minimise the risk of non-target

embolisation. The findings of this study will aid interven-

tional radiologists to perform safe and effective GAE in

patients with knee OA.
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4. Rönn K, Reischl N, Gautier E, Jacobi M. Current surgical treat-

ment of knee osteoarthritis. Arthritis. 2011;2011:1–9. https://doi.

org/10.1155/2011/454873.

5. Evans JT, Walker RW, Evans JP, BlomAW, Sayers A,Whitehouse

MR. How long does a knee replacement last? A systematic review

and meta-analysis of case series and national registry reports with

more than 15 years of follow-up. Lancet. 2019;393:655–63. https://

doi.org/10.1016/S0140-6736(18)32531-5.

6. Tay KS, Lo NN, Yeo SJ, Chia SL, Tay DKJ, Chin PL. Revision

total knee arthroplasty: causes and outcomes. Ann Acad Med

Singapore. 2013;42:178–83.

7. Petersen KK, Simonsen O, Laursen MB, Nielsen TA, Rasmussen

S, Arendt-Nielsen L. Chronic postoperative pain after primary

and revision total knee arthroplasty. Clin J Pain. 2015;31:1–6.

https://doi.org/10.1097/AJP.0000000000000146.

8. Little M, Gibson M, Briggs J, Speirs A, Yoong P, Ariyanayagam

T, Davies N, Tayton E, Tavares S, MacGill S, McLaren C,

Harrison R. Genicular artery embolization in patients with

Cadaveric and Angiographic Anatomical Considerations…

123

https://doi.org/10.1016/j.eclinm.2020.100587
https://doi.org/10.1016/S0140-6736(19)30417-9
https://pathways.nice.org.uk/pathways/osteoarthritis#path=view%3A/pathways/osteoarthritis/managing-osteoarthritis.xml&content=view-index
https://pathways.nice.org.uk/pathways/osteoarthritis#path=view%3A/pathways/osteoarthritis/managing-osteoarthritis.xml&content=view-index
https://pathways.nice.org.uk/pathways/osteoarthritis#path=view%3A/pathways/osteoarthritis/managing-osteoarthritis.xml&content=view-index
https://doi.org/10.1155/2011/454873
https://doi.org/10.1155/2011/454873
https://doi.org/10.1016/S0140-6736(18)32531-5
https://doi.org/10.1016/S0140-6736(18)32531-5
https://doi.org/10.1097/AJP.0000000000000146


osteoarthritis of the knee (GENESIS) using permanent micro-

spheres: interim analysis. Cardiovasc Intervent Radiol.

2021;44:931–40. https://doi.org/10.1007/s00270-020-02764-3.

9. Lee SH, Hwang JH, Kim DH, So YH, Park J, Cho SB, et al.

Clinical outcomes of transcatheter arterial embolisation for

chronic knee pain: mild-to-moderate versus severe knee

osteoarthritis. Cardiovasc Intervent Radiol. 2019;42:1530–6.

https://doi.org/10.1007/s00270-019-02289-4.

10. Landers S, Hely R, Page R, Maister N, Hely A, Harrison B, et al.

Genicular artery embolization to improve pain and function in

early-stage knee osteoarthritis-24-Month pilot study results.

J Vasc Interv Radiol. 2020;31:1453–8. https://doi.org/10.1016/j.

jvir.2020.05.007.

11. Okuno Y, Korchi AM, Shinjo T, Kato S, Kaneko T. Midterm

clinical outcomes and MR imaging changes after transcatheter

arterial embolization as a treatment for mild to moderate radio-

graphic knee osteoarthritis resistant to conservative treatment.

J Vasc Interv Radiol. 2017;28:995–1002. https://doi.org/10.1016/

j.jvir.2017.02.033.

12. Bagla S, Piechowiak R, Hartman T, Orlando J, Del Gaizo D,

Isaacson A. Genicular artery embolization for the treatment of

knee pain secondary to osteoarthritis. J Vasc Interv Radiol.

2020;31:1096–102. https://doi.org/10.1016/j.jvir.2019.09.018.

13. Mapp PI, Walsh DA. Mechanisms and targets of angiogenesis

and nerve growth in osteoarthritis. Nature Revi Rheumatol.

2012;8:390. https://doi.org/10.1038/nrrheum.2012.80.

14. Casadaban LC, Mandell JC, Epelboym Y. Genicular artery

embolization for osteoarthritis related knee pain: a systematic

review and qualitative analysis of clinical outcomes. Cardiovasc

Intervent Radiol. 2021;44:1–9. https://doi.org/10.1007/s00270-

020-02687-z.
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