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INTRODUCTION

	 	 ascular anatomy has a strong influence on the 
	 	 choice of surgical approach. Anomalies of vas-
	 	 cular patterns may explain uncharacteristic 
physical or clinical findings.1 The importance of the 
branching patterns of the popliteal artery (PA) in surgery 
has been evaluated by different techniques such as dis-
section and angiography. So far, there are many types of 
anatomical variations in PA. Those reports were studied 
in many races, but not in Thais. Popliteal artery (PA), 
the continuation of the femoral artery, begins when this 
artery passes through the adductor hiatus in adductor 
magnus muscle. The PA passes inferolaterally through 
the popliteal fossa and ends at the inferior border of the 
popliteus muscle (PM) by dividing into the anterior tibial 
artery (ATA) and the posterior tibial artery (PTA).2 
	 PA injury can occur in 30%-50% of cases of com-
plete knee dislocation.3 The types of arterial damage 
sustained during these injuries include intimal injury, 
avulsion, occlusion, or aneurysm formation that may be 
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ABSTRACT

	 This study aimed to investigate the anatomical patterns of popliteal artery (PA) in terms of normal and variation 
patterns in Thais. Two hundred and thirty legs of preserved human cadavers were dissected, and the pattern of PA and its 
branches were identified by Kim’s classification. Pattern I-A was mostly found (88.7%), pattern I-B (modified) found 0.4%, 
pattern I-C (modified) found 4.8%, pattern II-A1and pattern II-B found 0.9%, pattern II-A2 found 1.3% and pattern II-D 
(modified) no result in Thais. Two newer patterns were found: pattern new-1 found 0.9%, and  pattern new-2 found 2.2%. 
Compared between genders and sides, all variations showed no significant difference. Regarding undertaking operative or 
interventional procedures within the leg, this knowledge could be applied to prevent complications during the surgical ap-
proach or percutaneous vascular assessment and might be one of the references of variation of these vessels in Thais.
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complicated by rupture or the formation of thrombosis 
or emboli. PA trauma is usually obvious in open knee 
injuries, but recognition of arterial injury after blunt knee 
injuries is usually delayed. If the extent of the injury causes 
flow interruption in the PA, patients may complain of pain, 
paresthesias, or loss of sensation or motor function distal 
to the knee. More commonly, injury creates an intimal 
flap with initial preservation of flow and complete lack of 
symptoms.4 Arterial injury can result in limb loss. If there 
are obvious signs of limb ischemia, immediate surgical 
intervention is required, because ischemia for more than 
4-6 hours can cause irreversible neurologic damage and 
muscle necrosis, which in turn has been shown to correlate 
with adverse outcomes, including limb loss.5 Standard 
management includes surgical revascularization such as 
primary repair and, more commonly, a short bypass with a 
saphenous vein graft.6 If ischemia is prolonged for several
hours, fasciotomies to treat or prevent compartment 
syndrome are mandatory.4 An ATA usually branches off 
the PA at the distal border of the PM and provides blood 
to the anterior compartment of the lower limb and the 
dorsum of the foot. The ATA is particularly susceptible 
to injury with trauma of the anterolateral knee, shin, and 
ankle.4 Kim7 classified a branching pattern of the PA                                                                                           
according to Lippert’s classification8 the level and              
sequence of the branching of the ATA, PTA and PRA, and 
whether they were aplastic, hypoplastic or neither. Kim                                                                                                 
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et	al.,7	described	another	classifi	cation	based	on	angio-
graphic	appearances	with	a	modifi	cation	of	the	classifi	-
cation	by	Lippert	et	al.8	According	to	this	classifi	cation,	
the	division	of	the	PA	was	at	the	normal	level	(below	the	
tibial	plateau)	in	type	I	branching	pattern	of	the	PA.	Type	
II	branching	pattern	of	the	PA	is	presented	when	one	of	
the	branches	arise	above	the	tibial	plateau.9 
	 In	 this	 study,	we	classifi	ed	and	 related	variation	
patterns	of	the	PA	and	the	tibial	arterial	distribution	to	
the	 lower	 leg	 (classifi	cation	of	popliteal	arterial	varia-
tion	suggested	by	Kim).7	Knowledge	and	information	of	
anatomical	variation	of	PA	in	Thais	should	be	considered	
because	 injury	 to	 its	branches	can	cause	 limb-	or	 life-
threatening	condition.	This	knowledge	could	be	applied	
to	prevent	complications	caused	by	endovascular	therapy.	
A	review	of	the	anatomic	characteristics	of	the	PA	and	its	
branches	will	be	benefi	cial	for	surgical	approaches	and	the	
choice	of	suitable	arterial	graft	sites.9	The	collected	and	
analyzed	data	might	be	applied	for	clinical	investigation	
and	reconstructive	surgery	and	referenced	for	variation	
of	these	vessels	in	Thais.

MATERIALS AND METHODS

 Materials
	 All	230	legs	of	116	Thai	cadavers	were	studied,	59	
males	and	57	females	with	the	ages	ranged	from	32	to	101	
years	 (average	71.52	years).	These	preserved	cadavers	
were	provided	by	the	Department	of	Anatomy,	Faculty	
of	Medicine	Siriraj	Hospital,	Mahidol	University	and	
Department	of	Anatomy,	Faculty	of	Science,	Mahidol	
University.	The	using	of	cadavers	 is	exempted	by	 the	
Siriraj	Institutional	Review	Board.
 Methods
	 Regarding	our	cadaveric	study,	a	series	of	230	legs	
of	the	116	cadavers	were	selected.	The	skin	and	superfi	cial	
fascia	were	incised	and	refl	ected.	The	PA	in	accordance	
with	ATA,	PTA	and	PRA	were	dissected,	and	their	origins
and	courses	were	carefully	 identifi	ed.	The	 relation	of	
the	origin	of	the	ATA	and	the	PTA	from	the	PA	were	
recorded.	The	original	sites	of	the	ATA,	PTA	and	PRA	
were	studied.	Then,	the	patterns	of	all	these	four	vessels	
were	classifi	ed	by	their	branching	pattern	of	the	PA	based	
on	Kim’s	classifi	cation	which	was	defi	ned	as	follows:		
	 Pattern	I-B	of	Kim’s	classifi	cation	changed	to	I-C	
(modifi	ed).
	 Pattern	I-C	of	Kim’s	classifi	cation	changed	to	I-B	
(modifi	ed).	

	 And	Pattern	II-C	of	Kim’s	classifi	cation	changed	to	
II-D	(modifi	ed).	
	 The	differences	in	regards	to	their	genders	and	sites	
were	compared	(based	on	Kim’s	classifi	cation)	(Fig	1).	
Chi-square	statistical	analysis	was	applied	for	the	pattern	
of	the	vessels	(α=0.05)	and	unpaired	t-test.
                                  

RESULTS

	 The	results	of	the	study	of	230	legs	(117	legs	in	male	
and	113	legs	in	female)	in	116	human	preserved	cadavers	
have	been	shown:	(Table	1)
 Normal level of popliteal arterial branching:	the	
fi	rst	arterial	branch	arises	lower	to	the	PM.	(Fig	1)
 High division of popliteal artery:	the	fi	rst	arterial	
branch	arises	at	or	above	the	knee	joint.	(Fig	1)

Fig 1.		Modify	classify	branching	pattern	of	the	popliteal	artery		
(PA)		based	on	Kim’s	classifi	cation	(ATA=	anterior	tibial	artery,	
PRA=peroneal	artery,	PTA=posterior	tibial	artery)

Normal level of Popliteal Artery branching

I-A
Usual	pattern

I-B (modifi ed)
Anterior	tibioperoneal	trunk

I-C (modifi ed)
Trifurcation

High division of Popliteal Artery

II-A1
ATA	arise	from	
PA	with	normal	
course	of	ATA

II-A2
ATA	arise	from
PA	with	medial	
initial	curve	in	

ATA

II-B
PRA	arises	from	

ATA

II-D (modifi ed)
PRA	arises	from	

PTA

  Numbers of patterns
  IA IB (modifi ed) IC (modifi ed)  IIA1  IIA2  IIB  IID (modifi ed)  New-1  New-2 
Male	 117	 107	 0		 6	 0	 1	 0	 0	 0	 3
Female	 113	 97	 1	 5	 2	 2	 2	 0	 2	 2
  Percentage of patterns
  IA IB (modifi ed) IC (modifi ed)  IIA1  IIA2  IIB  IID (modifi ed)  New-1  New-2 
	 230	 88.7	 0.4		 4.8	 0.9	 1.3	 0.9	 0	 0.9	 2.2

TABLE 1.	Numbers	and	Frequency	of		Popliteal	Arterial	Variations	in	Thais.

	 Patterns	of	PA	compared	between	genders	and	sides	were	not	statistical	signifi	cant	difference	in	both	groups.	(p-value=0.328	
and	p-value	=	0.350	respectively)	
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 The new patterns
	 1.	The	new	pattern-1	was	found	in	two	legs	(0.9%).	
(Table	1)	The	PA	posteriorly	divides	to	the	inferior	border	
of	the	PM	by	giving	off	the	ATA	and	the	PRA.	The	ATA	
courses	laterally	toward	the	fi	bula	before	running	down	the	
calf	to	terminate	as	the	dorsalis	pedis	artery.	This	pattern
showed	no	PTA.	The	PTA	was	replaced	by	the	PRA.	The	
PRA	runs	down	the	posterior	calf	and	terminates	at	the	
level	of	the	calcaneus	by	bifurcating	into	the	medial	and	
lateral	plantar	arteries	(Fig	3).
	 2.	The	new	pattern-2	was	found	in	fi	ve	legs	(2.2%)	
(Table	1).	This	was	absent	from	the	few	patterns	reported	
in	literature.	The	PA	posteriorly	divides	to	the	inferior	
border	of	the	PM	by	giving	off	the	ATA,	which	courses	
laterally	toward	the	fi	bula	before	running	down	the	calf	
to	communicate	with	 lateral	plantar	artery.	Short	TPT	
terminates	to	the	PTA	and	the	PRA.	The	PTA	is	much	
smaller	than	the	PRA	and	tapers	distally.	At	the	ankle,	
the	dorsalis	pedis	artery	 is	 formed	by	communicating	
between	the	ATA	and	the	PRA.	This	pattern	is	similar	
to	the	pattern	III-C;	hypoplastic-aplastic	PTA	and	ATA	
of	Kim	et	al.,7	but	differs	to	ATA	communicating	with	
PRA.	(Fig	3)

DISCUSSION AND CONCLUSION

	 Despite	improvements	in	vascular	surgical	techniques,
popliteal	vascular	 injuries	and	PA	aneurysms	 remain	
notorious	high-risk	lesions	causing	a	high	percentage	of	
leg	amputations.		Even	though	knee	arthroscopy	is	a	mini-
mally	invasive	procedure	and	injury	of	a	popliteal	artery	
during	orthopedic	knee	surgery	is	very	rare,	the	injury	to	
the	PA	may	result	and	has	serious	consequences.	10,11	Dar	
et	al.,12	demonstrated	that	24.6%	of	patients	with	PA	injury	
had	associated	bone	fracture.	Although	the	anatomy	of	
PA,	ATA,	PTA	and	PRA	have	been	previously	described,	
there	is	no	record	in	Thais.	We	have	followed	the	criteria	
of	PA	variations	in	patterns	as	described	by	Kim	et	al.7 
This	review	of	popliteal	and	tibioperoneal	arterial	varia-
tions	was	initiated	by	technical	diffi	culties	encountered	
during	arterial	reconstruction	in	patients	who	underwent	
femorodistal	bypass	graft	procedures.7	The	results	of	this	
study	have	demonstrated	that	pattern	I-A	in	Thais	is	mostly	
similar	to	that	of	Kim	et	al.,7	Morris	et	al.,13	Lippert	et	al.,8

and	Zuhal	Ozgur	et	al.9	This	knowledge	could	be	applied	
to	prevent	complications	caused	by	either	endovascular	
therapy	(e.g.	percutaneous	balloon	angioplasty	and	stenting)

Fig 2.	An	example	specimen	of	right	leg	shows	all	fi	ve	landmark	
arteries	(Posterior	view)	(PA=popliteal	artery,	ATA=anterior	
tibial	artery,	TPT=tibioperoneal	 trunk,	PTA=posterior	 tibial	
artery,	PRA=peroneal	artery)

Fig 3.	Diagram	 shows	 the	 new	patterns	 (Posterior	 view)
(PA=popliteal	artery,	ATA=anterior	tibial	artery,	PTA=posterior	
tibial	artery,	PRA=peroneal	artery)

    IB IC    IID
Author Source Extremities IA (modifi ed) (modifi ed) IIA1 IIA2 IIB (modifi ed) New-1 New-2
  Examined (%) (%) (%) (%) (%) (%) (%) (%) (%)
Morris,	1961	 Angiography	 246	 88.6	 1.2	 2.9	 3.6	 -	 0.8	 -	 -	 -
Bardsley,	1970	 Angiography	 235	 92.8	 -	 0.4	 4.2	 -	 1.7	 -	 -	 -
Mauro,	1988	 Angiography	 343	 88	 1.2		 4.1	 2.3	 	 0.9	 -	 -	 -
Kim,	Orron,		 Angiography	 605	 92.6	 1.2	 2	 3	 0.7	 0.8	 <0.2	 -	 -
1989
Quain,	1844	 Dissection	 258	 90.3	 6.6		 2.3	 0.8	 -	 -	 -	 -	 -
Adachi,	1928	 Dissection	 770	 96	 0.5		 0.8	 0.9	 1	 0.8	 -	 -	 -
Trotter,	1940	 Dissection	 1168	 93.4	 1.3		 0.5	 1.5	 2.4	 1.4	 -	 -	 -
Keen,	1961	 Dissection	 280	 90.7	 0.4	 4.3	 3.6	 0.4	 1.1	 -	 -	 -
Lippert,	1985	 Dissection	 -	 90	 1	 4	 3	 1	 1	 -	 -	 -
Zuhal	Ozgur,		 Dissection	 40	 90	 -	 2.5	 5	 -	 2.5	 -	 -	 -
2009
Siriraj	 Dissection	 230	 88.7	 0.4		 4.8	 0.9	 1.3	 0.9	 -	 0.9	 2.2

TABLE 2.		Frequency	of		Popliteal	Arterial	Variations
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or surgical revascularization such as a femorodistal bypass 
graft.7 Kim et al.,7 Morris et al.,15 Bardsley et al.,16 Lippert 
et al.,8 Adachi et al.,18 Mauro et al.,19 Quain et al.,20 Trotter 
et al.,21 Keen et al.,22  and Zuhal Ozgur et al.,9 determined 
the normal branching pattern of the PA at 92.6%, 88.6%, 
92.8%, 90%, 96%, 88%, 90.3%, 93.4%, 90.7% and 90% 
respectively (Table 2). Similar to their studies, this most 
common pattern was observed in our study 88.7% up  in 
addition to which this normal branching pattern is the 
most common finding regardless of race and gender. The 
PA posteriorly divides at the inferior border of the PM by 
giving off the ATA, which courses laterally toward the 
fibula before anteriorly running down the calf to terminate 
as the dorsalis pedis artery. The TPT terminates at the 
PRA origin. The PTA runs down the posterior calf and 
terminates at the level of the calcaneus by bifurcating into 
the medial and lateral tarsal arteries.7 The pattern new-1 
was found in two legs (0.9%) (Table 1). This pattern is 
absent in literature. The PA posteriorly divides to the 
inferior border of the PM by giving off the ATA and 
the PRA. The ATA, courses laterally toward the fibula 
before running down the calf to terminate as the dorsalis 
pedis artery. This pattern shows no PTA. The PTA was 
replaced by PRA. The PRA runs down the posterior calf 
and terminates at the level of the calcaneus by bifurcat-
ing into the medial and lateral tarsal arteries (Fig 3). This 
variant has never been previously reported. The pattern 
new-2 was found approximately 2.2% in this study (Table 
1). Although this pattern is classified as a new type ac-
cording to Kim’s classification, this pattern is similar to 
pattern III-C; hypoplastic-aplastic PTA and ATA of Kim 
et al.,7 but differs because the ATA communicates with the 
PRA (Fig 3).  Jiji PJ et al.,23 reported a rare variation of  
PTA that was similar to this study. In the study of Jiji PJ 
et al.,23 the PTA was found and terminated by supplying 
soleus muscle and the PRA was enlarged and supplying 
the posterior crural region. This explanation was similar 
to our finding in pattern new-2. However the PRA in 
Jiji’s study was enlarged and only continued at the lateral 
plantar artery supplying the sole. In our study this artery 
had a different pattern from Jiji, because  it not only ter-
minated into the lateral plantar artery, but also terminated 
as the dorsalis pedis artery at the dorsum of the foot by 
communicating between the ATA and the PRA. This was 
absent from the few patterns reported in literature. The 
PA posteriorly divides to the inferior border of the PM 
by giving off the ATA, which courses laterally toward 
the fibula before running down the calf to communicate 
with the lateral plantar artery. The short TPT terminates to 
the PTA and the PRA. The PTA is smaller than the PRA 
and tapers distally. At the ankle, the dorsalis pedis artery 
is formed by communicating between the ATA and the 
PRA. The new pattern is helpful in patients undergoing 
fibula free flap transfer to prevent a potential complica-
tion when the suitable side is chosen. The results of this 
study demonstrate that there are 2 new patterns in Thais 
and pattern I-A is mostly found (88.7%). All variations of 

patterns did not show statistically significant differences 
between genders and sides in both groups.     
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