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Abstract: 
Introduction: The popliteal artery is the commonest blood vessel to get involved in peripheral artery aneurysm 

due to atherosclerosis and in entrapment syndrome. A detailed awareness on the anatomy of the terminal 

branches of the popliteal artery is associated with increased success rates of percutaneous surgical procedures 

as it allows suitable surgical planning. 

Aims: To evaluate variants of the popliteal artery (PA) terminal branches with 16 slice multidetector computed 

tomographic angiography. 

Materials and method: A total of 168 extremities of 200 patients undergoing a MD CTA examination were 

included in the study. Of these, 32 extremities were excluded due to popliteal artery thrombosis or amputation 

or having metallic implant. The terminal branching pattern of the PA was classified according to the 

classification scheme proposed by Kim. 

Results: In 168 extremities (91.6 %%) branching of PA occurred distal to the knee joint (Type I); in 8 cases 

(4.72%) PA branching was superior to the knee joint (Type II); and 6 cases (3.5%) of Type III. Among these 

types the most frequent branching patterns were Type IA 90.56%, Type IIA1 (2.36%), Type IIA2 (2.36%) and 

type III (2.36%). 

Conclusion: Variations in popliteal artery terminal branching pattern occurred in 9.44% of patients. Pre-

surgical detection of these variations with MD CTA may help to reduce the risk of iatrogenic arterial injury by 

enabling a better surgical treatment plan. 
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I. Introduction 
Popliteal artery is the deepest neurovascular structurepresent in the popliteal fossa.It extends from 

adductorhiatus, to the lower border of popliteus, where it divides    into    its    terminal    branches. 
1
A detailed 

awareness on the anatomy of the terminal branches of the popliteal artery by the ortho-surgeons, vascular 

surgeons, reconstructive surgeons and radiologists is associated with increased success rates of percutaneous 

surgical procedures as it allows suitable surgical planning.
2,3

The popliteal artery is the commonest blood vessel 

to get involved in peripheral artery aneurysm due to atherosclerosis and in entrapment syndrome.
4,5

In the last 

few decade, themultidetector computed tomographic angiography (MD CTA) is used frequently as compared 

with digital subtraction angiography (DSA) in diagnostic assessment of lower extremity of arterial disease has 

increased the awareness of popliteal artery variations. There are several studies involving the use of DSA in the 

assessment of popliteal artery variations.
2,6-14 

However, few studies are there assessing the popliteal artery terminal branching variations with MD 

CTA.
15,16

In the current retrospective study, variations in the branching pattern of the popliteal artery have been 

assessed using 16 slice –multi-detector CT angiography. 
 

II. Materials and Methods 
Patient Selection 

At our institution, between October 2018 and October 2019, 100 consecutive patients underwent lower 

extremity CTA because of suspected arterial occlusive disease. We reviewed the CTA data retrospectively for 

anatomic assessment of the popliteal artery and its branches.  

The study consisted of 200 extremities in 100 patients (16females, 84male, 32 to 91years old). The 

study protocol was approved by the Institutional Ethics Committee.  
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Exclusion criteria:  

Patients who have undergone below knee amputation 

Total knee replacement prosthesis  

Metallic implants below knee 

Complete thrombosis of Popliteal artery 

 

Imaging Technique  

Multidetector CT angiography of the lower limbs was obtained with General Electric (GE) Medical 

system Brightspeed Light 16 slice MDCT machine with 5mm collimation, 0.6mm reconstruction interval, 

gantry rotation speed of 0.8 seconds, pitch of 1.375:1. 120kV and automated tube current adaptation(100-

700mA). Patients were placed in the supine position with feet first. The scans covered the area from the level of 

the coeliac axis to the tip of the foot 

For venous access, the antecubital vein and an 18-gauge IV cannula was used. A total of 100–120 cc 

contrast material with high iodine concentration (350 mgI/ml) was injected at a 5 cc/sec injection rate. Scan 

timing was determined by automated bolus triggering; the region of interest was placed on the abdominal aorta; 

the threshold was set as 200 HU. The scan was started 8 seconds after reaching the threshold. 

 

Image Analysis: 

The scans were reviewed on a direct display console. Sagittal and coronal reconstructions were made 

wherever necessary. Newer techniques in Multislice CT like curved planar reformatting, volume rendering, 

Maximum and Minimum Intensity Projections was done as and when necessary. CTA images were reviewed by 

two radiologists. 

The branching pattern of the popliteal artery has been classified based on the classification scheme 

proposed by Kim et al.
8
as follows. Type I: Branching of the popliteal artery (PA) at the normal, expected level, 

i.e., below the level of medial tibial plateau. This classification also proposes three subgroups for Type I: In 

Type IA (normal), the first branch of the popliteal artery is the anterior tibial artery (ATA) with the continuing 

segment of the main artery, known as tibioperoneal trunk, further divided into peroneal (PRA) and posterior 

tibial arteries (PTA). In Type IB trifurcation, branching of ATA, PTA, and PRA is within a distance of 0.5 cm 

without formation of a true tibioperoneal trunk. In Type IC, PTA is the first branch, and ATA and PRA arise 

from the tibioperoneal trunk. In Type II, there is branching of PA above the normal level. Similar to the Type I 

variation, Type II has also three subgroups with further subgrouping. Type IIA denotes a popliteal artery that 

branches at or above the joint space. Its subdivisions are as follows: Type IIA1, normal proximal course of 

ATA, and Type IIA2, proximal and medial course of ATA. Type IIB is defined as the branching of PTA at or 

superior to the joint level, and branching of ATA and PRA from the tibioperoneal trunk. Type IIC is defined as 

branching of PRA at or superior to the joint level. In Type III, there is hypoplasia or agenesis in the branches of 

PA with an alteration in distal blood supply. The Type III pattern includes the following subgroups: Type IIIA 

shows distal substitution of PTA by PRA, along with hypoplastic or aplastic PTA. Type IIIB is defined as 

substitution of the dorsalis pedis artery (DPA) by PRA, along with hypoplastic or aplastic ATA. Type IIIC has 

distal substitution of PTA and DPA by PRA in conjunction with hypoplastic or aplastic ATA and PTA. 

 

III. Results 
A total of 100 patients were examined who were suspected to have peripheral arterial disease. 32 extremities 

were excluded due to complete thrombosis of popliteal artery (27), amputation (1) and metallic implant (4). 

Hence the study consisted of 168 extremities. 

Type I branching pattern was seen in 154 (91.6%)extremities with type I A seen in 152 (90.56%) and type I B 

seen in 2(1.16%) extremities. Type I C was not observed in our study.  

 

Type II branching pattern was seen in in 8 (4.72%) extremities with type II A1 seen in 4(2.36%) and type II A2 

seen in 4 (2.36%) extremities. Type II B and type II C was not observed in our study. 

 

Type III branching pattern was seen in 6(3.5%) extremities with type IIIA seen in 2(1.16%) and type III B in 

4(2.36%) extremities Type III C was not observed in our study. 
 

Results 

Popliteal artery branching pattern Right Left Percentage 

Type I A 78 74 90.56 

TYPE I B  2 0 1.16 

TYPE I C 0 0 0 

TYPE II A1 2 2 2.36 

TYPE II A2 2 2 2.36 

TYPE II B 0 0 0 
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TYPE II C  0 0 0 

TYPE IIIA 2 0 1.16 

TYPE IIIB 0 4 2.36 

TYPE III C 0 0 0 

Table no: 1 – Distribution of the popliteal artery branching pattern 

 

IV. Discussion: 
In the present study the variation in the branching of the popliteal artery occur with an incidence of 

9.44%therefore not that infrequent. Our findings are consistent with variations as reported in other studies are 

7.4-17.6
2,6-8, 17-19

A good knowledge of popliteal artery branching variation is necessary to prevent 

misinterpretations of the imaging findings. The interpretation of this variation is important for interventional 

radiology and surgery.
11, 18, 19

The awareness of this variation is a precondition for the success of the outcomes of 

vascular grafting, vascular repair, angioplasty and embolectomy. 
7, 9, 11, 18-20

The type of appropriate surgical 

approach is dependent on the variation in the branching pattern.
7 

In the study by Klecker et al. that examined the clinical significance of the aberrant anterior tibial 

artery using magnetic resonance angiography (MRA) in 1116 patients, the authors concluded that a good 

knowledge of the aberrant anterior tibial artery may reduce arterial complications in a variety of orthopedic 

interventions such as high tibial osteotomy, revision total knee arthroplasty, lateral meniscal repair, posterior 

cruciate ligament reconstruction, and tibial tubercle osteotomy of the knee joint, including arthroscopy
21

.  

Tindall et al. observed that in all patients with high origin of the anterior tibial artery, the artery was in 

direct contact with the posterior cortex of the tibia. The anterior tibial artery is vulnerable in this variation using 

sharp instruments when a transverse tibial cortex was performed in knee procedures—particularly high tibial 

osteotomy and total knee replacement.
22 

Balloon catheter technology, used to treat lower extremity ischemia in diabetic patients, allows 

percutaneous transluminal angioplasty of small arteries, which could be hindered by different ATA variations in 

the leg
18,23

.  A change in the angioplasty technique is needed if a Type III branching pattern is detected
11,18,24

.  

In addition, harvesting of the PA for the fibular free flap transfer procedure is contraindicated if a Type 

III C pattern is present. This procedure could result in a catastrophic ischemia of the foot as the peroneal artery 

the only artery that feeds the distal parts of the limb in the Type III C branching pattern
18,24

. 

However, to our knowledge, only few studies for variation in popliteal artery branching were used 

based MD CTA. Both Yanik et al. and Calisir et al. have recently evaluated the popliteal artery and its branches 

and classified its branching patterns using MD CTA; they concluded that MD CTA could become the preferred 

method for evaluating arterial variations of the lower limb
18,19

. Our study and these studies were carried out in a 

retrospective manner using a MD CTA. 

The most common variant of the popliteal artery detected by angiography is a Type I variation, with a 

frequency between 89% and 96% 
2,7,9,11,12,18

. Among these cases, normal arterial branching classified as Type IA 

represents the most common. In the studies by Yanik et al. and Calisir et al. examining the variations of the 

popliteal artery branching using with MD CTA, the authors found the frequency of a Type I pattern as 88.8% 

and 87%, and a Type IA pattern as 83.6% and 87%, respectively
18,19

. Our results are similar to these data, with 

the incidence of Type I and Type 1A at 91.6% and 90.56%, respectively. Similar to previous DSA studies and 

Calisir et al. in an MD CTA study, we observed that the incidence of a type IB branching pattern was higher 

than the incidence of type IC 
2,7,8,19

. 

The reported frequency for the Type II pattern varies between 1.6% and 7.8% 
2,7,8,11,18,19

, and this 

pattern occurred at 4.72% in our case. Type IIC, reported in only three cases in the literature, was not present in 

any of our patients. Also, another pattern classified as Type IID and reported in a single case by Mavili et al., 

which exhibits a high trifurcation of PA and medial course of ATA proximally and lateral course of ATA 

distally, has not occurred in any of our cases 
11

. A possible advantage of MD CTA in this group may result from 

its ability to image the popliteus muscle, which affects the subgrouping of Type IIA. 

The Type III variation pattern has been reported to occur in the range 1–7.6%
2,7,8,11,18,19

, and carries a 

particular importance, as its assessment presents certain technical challenges in atherosclerotic patients. Gradual 

decrease in the dimensions of the hypoplastic artery, absence of collateral circulation, a straight course of the 

distal PRA in PTA and dorsalis pedis artery (DPA) tracings, and its not reducing in size at the level of the 

division should suggest a variation 
2
. Particularly in such cases, MD CTA not only provides luminal 

information, but also enables evaluation of the vessel wall, potentially facilitating the process. Yanik et al. and 

Calisir et al. reported the frequency of the Type III pattern to be 3.4% and 3.6%, respectively, whereas Type 

IIIB was not observed by Yanik et al. and Type IIIC was not observed in either of these studies. In our study, a 

Type III pattern occurred in 3.5% of our cases (Type IIIA 1.16%, Type IIIB 2.36%, Type IIIC 0%) 

One of the potential limitations of the present study is that CTA findings were not compared with DSA, 

MRA, US or surgical findings. Such a comparison would be useful for further evaluation of the performance of 

CTA in delineating lower extremity arterial anatomy. 
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V. Conclusion: 
In conclusion, proper characterization of the anatomical properties of the popliteal artery requires an 

adequate knowledge of its terminal branching variants. In the present study, the incidence of variation in 

branching pattern of the popliteal artery was observed in 9.44%of cases. This result shows that variations in 

popliteal branching are not infrequent. The increasing rate of surgical reconstruction and vascular surgical 

procedures of the lower extremity places more significance on having detailed anatomical information. In this 

regard, awareness of the terminal branching pattern of popliteal artery before intervention with MD CTA is 

important, both in the planning of appropriate surgery and to reduce unexpected arterial injury. 

 

 
Figure 1: Volume rendered image shows the normal branching pattern of the popliteal artery Type I A 

 

 
Figure 2: Volume rendered image shows the high branching pattern of the anterior tibial artery with 

medial course of the proximal portion of the anterior tibal artery on both sides- type II A2. 
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Figure 3: Volume rendered image shows the trifurcation, branching of ATA, PTA, and PRA is within a 

distance of 0.5 cm without formation of a true tibioperoneal trunk – type I B on left side and thrombosis 

of the distal popliteal artery with communited intra articular fracture of the tibial plateau and proximal 

fibular shaft on right side. 
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