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SUMMARY
This original article postulates a pathophysio-

logical association between two uncommon clin-
ical entities in a cadaveric subject. A female ca-
daver from a willed body donor was procured for 
educational and research purposes.

During surgical dissection, the subject was 
observed to have hallux valgus (HV) and lateral 
plantar venous thrombosis (PVT) on the left foot. 
Clinical significance of HV was confirmed by geo-
metric measurements of the great toe and first 
metatarsal.

Severity of lateral PVT was established by metic-
ulous dissection along full course of the vein and 
all its grossly accessible tributaries. Dissections 
in other regions of the same cadaveric subject did 
not reveal evidence of venous thrombosis else-
where.

Extensive search of the contemporary literature 
confirmed HV is most common in elderly females, 
though not very common in the general popula-
tion. It also established that isolated PVT is very 

rare, the medial type being rarer. No study men-
tioned both HV and PVT in the same subject or 
tried to establish a pathophysiological association 
between both entities.

Analyzing the pedobarographic and phlebology 
literature on HV, PVT, foot veins, gait, posture, and 
foot pressure points led the authors to postulate 
that flattening of medial arch and increased medi-
al forefoot pressure from HV during life in elderly 
females could render Uhl-Gillot’s postulated ‘foot-
pump’ incompetent. Since the principal conduit 
of the foot-pump is the lateral plantar vein (LPV), 
ineffective foot-pump could lead to lateral PVT. 
Considering the paucity of literature on coexist-
ing HV and PVT in living and cadaveric subjects, 
more studies are required to confirm our hypoth-
esis of this pathophysiological association.
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INTRODUCTION
A postmortem dissection study is presented 

wherein both hallux valgus (HV) and plantar ve-
nous thrombosis (PVT) coexisted on the same 
side in an elderly female cadaveric subject. HV 
per se is a well-documented entity, with a pleth-
ora of references over the last 90 years (Piggott, 
1960; Inman, 1974; Wilson, 1980; Mann, 1993; 
Perera, 2011; Kohls, 2022). One of the earliest 
descriptions of HV was in 1928, when they de-
scribed a conservative lateral ligament release 
surgery for ‘bunion’, a hoary procedure that car-
ries the surgeon’s name till this day (McBride, 
1928). Isolated PVT, on the other hand, has been 
much less frequently reported than HV, with the 
exact prevalence still being debatable. One study 
documented 78 cases of PVT from the 1990’s to 
the 2020’s (Rastel, 2021). Another study reported 
less than 20 cases of PVT before 2013 (Karam, 
2013). Bernathova (2005) was among the first to 
demonstrate PVT using sonography and mag-
netic resonance imaging (MRI). All cases of PVT 
documented thereafter coincided with advances 
in radiological techniques (Czihal, 2015; Quinn, 
2018; Rastel, 2021). No description of PVT in a 
cadaveric subject could be found in the litera-
ture. Neither did we find the coexistence of HV 
and PVT in the same individual after extensive 
search of the literature.

Pathophysiology of calf deep vein thrombosis 
(DVT) after HV surgery has been well established 
(Radl, 2003; Saragas, 2014; Kohls, 2022). Howev-
er, no pathophysiological association between HV 
and PVT has ever been described or postulated. 
Therefore, the objective of this study was to postu-
late a pathophysiological association between HV 
and PVT in the same individual. To achieve that 
objective, this study focused on geometric mea-
surements of the cadaveric subject’s foot, analy-
sis of HV-associated gait, followed by correlation 
with pedobarographic and lower limb phlebology 
literature (Blomgren, 1991; Bryant, 1999; Menz, 
2005; Uhl, 2010). Consistent with the study ob-
jective, Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) guidelines 
were considered redundant in this study (Page et 
al., 2021).

MATERIALS AND METHODS
A cadaveric subject wrapped in custom fixative 

was procured from Research for Life, Phoenix, 
AZ. after it was approved for release. The cadaver 
was a donated non- clinical human tissue, intend-
ed for medical research and education purpose 
only, with permission to be exported, with the 
dissected remains imported back to the lending 
institution in the United States for cremation un-
der government regulations stipulated under the 
Pan American Health Organization (PAHO) reso-
lution of October 1996 XVII Conference. A donor 
form giving permission from the executor of the 
deceased is on file at the lending institution. This 
form may not be released to anyone because of 
the United States HIPAA (Health Insurance Porta-
bility and Accountability) Law, which was enacted 
to give privacy in the medical field to all patient 
information.

As per legally disclosed information at the re-
ceiving institution, at the end of life the cadaver-
ic subject was an 84-year-old Caucasian female, 
5 feet tall, weighing 70 pounds. Serology tests on 
the cadaver for hepatitis B surface antigen, an-
ti-hepatitis C virus antibody and anti-human im-
munodeficiency virus (HIV) 1 and 2 antibodies 
were non-reactive or negative. The cause of death 
of the subject was a stroke.

The cadaveric subject was placed in a prone 
position such that both feet were plantar flexed, 
heels were pointing up and soles were facing out. 
The position of the toes and the condition of the 
skin of the sole in both feet were noted. A curvilin-
ear, inverted U-shaped incision was made on the 
left foot from lateral to medial, bridging across 
the calcaneal tuberosity. The skin of the sole was 
carefully dissected out from the underlying plan-
tar aponeurosis (PA) and lifted as a flap based on 
heads of the metatarsal (MT) bones. The prelimi-
nary findings superficial to PA and plantar fasciae 
were noted. Next, the PA was incised at its prox-
imal attachment to the calcaneus and carefully 
dissected off to expose the structures in first ana-
tomical layer of sole.

The flexor digitorum brevis (FDB) was released 
from its proximal attachment to the calcaneus and 
reflected distally, based on its distal digital attach-
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ments. Next, the abductor digiti minimi (ADM) 
was incised at its distal attachment and reflected 
laterally, thereby completely exposing the struc-
tures deep to the first anatomical layer of the sole. 
Finally, the lateral plantar vein (LPV), artery and 
nerve, and their branches and tributaries were 
meticulously dissected out to their maximum ex-
tent from their origin medial to the ankle to their 
grossly visible limits distally and deeply. The con-
dition of these neurovascular structures as well as 
the orientation of the bones of the forefoot were 
noted. The dissected tissues were sprayed with 
proprietary Carolinas Perfect Solution® (www.car-
olina.com) to preserve the tissues, prevent desic-
cation and enable high-contrast image acquisi-
tion.

Using dual iPhone 13 camera, with 12-megapix-
el (MP), f/1.6, 26 mm (wide), 1.7 µm, dual pixel 
phase-detection autofocus (PDAF) features, and 
sensor-shift optical image stabilization (OIS) 12-
MP, f/2.4, 13 mm, 120° (ultrawide) capabilities, all 
findings were graphically documented in land-
scape mode in high resolution and contrast.

A high-resolution image of the dissected sole 
of left foot was scaled to its real size with Micro-
soft Photos (©2022 Microsoft). Black circles were 
drawn on the image to denote the location of me-
dial and lateral sesamoid bones under the head 

of first MT, which were visible and palpable. Next, 
one red line was drawn on the scaled image along 
the long axis of the proximal digit of the left great 
toe and extended proximally till the head of the 
first MT. A second red line was drawn along the 
long axis of the first MT on the same image (Fig. 
1). Next, this image was superimposed on the im-
age of an Online Protractor (OP) from an online 
app Ginifab© that was freely available on the Web 
(copyright © www.ginifab.com). The digital con-
trols on the app were adjusted till the orientation 
and lines on the OP matched the lines drawn on 
the image. The angulation between the two red 
lines was noted on the OP (Fig. 2 / Graphic 1).

Extensive search of the literature published 
from the 1920’s onwards was conducted. The key-
words used in search query were, but not limit-
ed to: ‘plantar vein’, ‘plantar venous thrombosis’, 
plantar vein thrombosis pathophysiology’, ‘hallux 
valgus’, ‘plantar vein thrombosis AND hallux val-
gus’, ‘hallux valgus and gait’, ‘hallux valgus and 
foot pressure’, ‘hallux valgus and posture’, ‘hallux 
valgus AND deep vein thrombosis’. The search da-
tabases and repositories included Pubmed, Med-
line, Google Scholar, Public Library of Science 
(PLOS) and ScienceDirect, among others.

The search queries were structured to extract 
the contemporary pedobarographic and lower 

Fig. 1.- Image of dissected sole of left foot to demonstrate how HV angle was delimited on the image and elucidated in the subject’s 
foot. Plantar aponeurosis has been removed. Black circles denote location of sesamoid bones, which are displaced laterally, under 
head of the medially deviated first MT. Distal red line indicates axis of proximal phalanx of great toe. Proximal red line denotes long 
axis of first MT. Acute angle between the red lines denotes the HV angle. 
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limb phlebology literature in relation to HV and 
PVT. This study was not intended to be a sys-
tematic review or meta-analysis of HV and PVT 
literature. Hence, Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) 
guidelines (Page et al., 2021) were considered re-
dundant in this study.

RESULTS
The first level of dissection of the sole of the 

left foot revealed numerous punctate and linear 
bluish-black discolorations, extending from the 
medial side of the ankle, going under the PA, then 
progressing along the lateral aspect of the sole till 
the distal end of the fifth MT. These discolorations 
were observed piercing through the lateral plan-
tar but not the medial plantar fascia. A few punc-

Graphic 1. Isolated graphic of OP from Ginifab© showing angulation between long axis of first MT and proximal phalanx of great 
toe. 339° subtracted from 360° gives 21°, which is the angle between long axis of first MT and long axis of proximal phalanx of great 
toes. This is suggestive of clinically significant HV (Normal HV angle is <15°).

Fig. 2.- Image of dissected sole of foot to demonstrate how HV angle was recorded using the online app OP from Ginifab©. The im-
age of OP is superimposed on image of Fig. 1. Coordinates of OP are adjusted to match the red lines drawn in Fig. 1. The acute angle 
between long axis of first MT and proximal phalanx of great toe was calculated as 21° (= 360° - 339°). This is suggestive of clinically 
significant HV (Normal HV angle is <15°). 
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tate spots were also observed piercing through 
the proximal part of the PA, but most were distrib-
uted along its lateral margin (Fig. 3). The sole of 
the right foot appeared clinically normal.

Deeper dissection under the PA, and especial-
ly under the first anatomical layer of the sole, 
revealed extensively thrombosed LPV along its 
entire extent, starting proximally superficial and 
medial to the ankle, and extending distally and lat-
erally. The proximal part of the thrombosed LPV 
was in the surgical plane between FDB and qua-

dratus plantae (QP) muscles, which are typically 
characterized as the first and second anatomical 
layers of the sole respectively (Moore et al., 2021). 
The thrombotic processes even included the su-
perficial, deep, and muscular tributaries of LPV. 
Thrombosis of muscular tributaries of LPV from 
FDB and proximal part of ADM muscles had ren-
dered a bluish-black discoloration to these mus-
cles as well. The left medial plantar vein was very 
small and otherwise normal. The veins in other 
areas of the body were normal (Fig. 4).

Fig. 4.- Image of dissected sole of left foot, showing structures in first and second anatomical layers of sole. PA has been excised off. 
FDB has been incised at its proximal attachment and reflected distally. ADM has been incised at its distal attachment and reflected 
laterally. Head of first MT is deviated medially. FHL tendon is over-riding the lateral sesamoid bone under first MT head. Entire LPV 
is dilated, tortuous and thrombosed. Thrombosis extends to its deep and muscular tributaries. FDB and ADM muscles are discol-
ored by the thrombotic process. 

Fig. 3.- Image of dissected sole of left foot immediately after removal of the skin of sole. Thrombosed veins are visible extending from 
medial side of left ankle and progressing to lateral side of left foot. Most of the thrombosed venules are seen piercing through the lat-
eral plantar fascia but not through medial plantar fascia. Some thrombosed veins are piercing through the proximal part of PA also. 
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The head of the left first MT was deviated medi-
ally, and the two sesamoid bones under the head 
of the same MT were displaced laterally. The left 
flexor hallucis longus (FHL) tendon was over-rid-
ing the lateral sesamoid bone instead of passing 
between the two sesamoids. Distinct angulation 
was noted between the long axis of the proximal 
phalanx of the left great toe and the long axis of 
the first left MT. Measurement with the online app 
OP on the digital image revealed an angulation of 
21° between these two axes (Graphic 1).

DISCUSSION

Hallux valgus

Angulation of less than 15° between the prox-
imal phalanx of the great toe and the first MT is 
considered normal (Hecht and Lin, 2014; McK-
ean and Park, 2022). With an angulation of 21° in 
the left foot of our cadaveric subject, a diagnosis 
of HV is reasonable. This is substantiated by the 
observation of partial over-riding of the great toe 
on the second toe in the same subject. This was 
also visible on gross examination of the right foot 
in our subject, although the angle was not mea-
sured on the right foot. HV per se is a well-docu-
mented entity, with a plethora of references rang-
ing from the 1920s till the twenty first century 
(McBride, 1928; Hardy et al., 1951; Haines et al., 
1954; Piggott, 1960; Inman, 1974; Wilson, 1980; 
Mann et al, 1981; Hung et al., 1985; Mann et al., 
1993; Coughlin, 1995; Einarsdottir et al., 1995; 
McDonald, 1996; Torkki et al., 2001; Pique-Vidal 
et al., 2007; Perera et al., 2011; Reina et al., 2013; 
Hecht et al., 2014; Loveday, 2020; Kohls, 2022; 
McKean, 2022). HV has been clinically document-
ed to be more common in elderly females (McK-
ean and Park, 2022). Clinically significant HV sub-
jects also have first intermetatarsal (IM) angle of 
more than 9° (Hecht and Lin, 2014; McKean and 
Park, 2022), but the circumstances of this cadaver 
dissection precluded measurement of IM angle in 
our subject. HV is associated with progressive lat-
eral shift of sesamoid bones under the head of the 
first MT, due to bowstringing traction effect by the 
flexor hallucis brevis (FHB) muscle. As a result, 
the course of the FHL tendon to the great toe also 
gets deviated laterally. HV is also associated with 

partial flattening of the medial longitudinal arch 
of the foot (Moore et al., 2021). This may explain 
the disproportionately higher plantar pressures 
on the medial forefoot during gait and stance in 
HV patients (Plank, 1995; Yamamoto et al., 1996; 
Bryant et al., 1999).

Plantar venous thrombosis

The venous dissection findings in our cadaveric 
subject are consistent with the diagnosis of lateral 
PVT. Isolated PVT has been much less frequent-
ly reported than HV, with the exact prevalence 
still being a moot question. One study document-
ed 78 cases of PVT from 1990 to 2022, giving an 
average prevalence of 2.6 cases per year (Rastel, 
2021). However, another study reported less than 
20 cases of PVT before 2013, thereby indicating 
most case reports began appearing during the last 
two decades (Karam et al., 2013). All clinical cas-
es of PVT documented in the recent years coin-
cided with advances in foot venous compression 
imaging techniques ranging from duplex ultra-
sound (DUS) to MRI (Karam et al., 2013; Czihal 
et al., 2015; Quinn, 2018; Swellengrebel, 2019; 
Edwards, 2021; Rastel, 2021, Sheikh, 2022). The 
most remarkable aspect of PVT is its rarity, and 
the resultant paucity of its reporting in the con-
temporary literature (Karam et al., 2013; Rastel, 
2021).

Roughly two-thirds of cases of PVT are females 
(Czihal et al., 2015). Since the medial plantar vein 
was normal, our subject can be considered a case 
of isolated lateral PVT. Although a few reports 
have described medial PVT, lateral PVT has a pre-
ponderantly higher frequency, ranging from 30% 
to 96% in different studies, often extending into 
plantar arch and metatarsal veins, and a quarter 
of them extending into deep calf veins (Czihal et 
al., 2015; Vansevenant and Vanhoenacker, 2015; 
Quinn, 2018; Edwards, 2021; Sheikh et al., 2022). 
Prior dissections in this cadaver subject had not 
revealed any evidence of DVT in the calf.

About half of all cases of PVT are idiopathic, 
although a few may have occult malignancy, as 
part of paraneoplastic syndrome, or other hyper-
coagulable states, commensurate with Virchow’s 
triad (Karam et al., 2013; Czihal et al., 2015; Van-
sevenant and Vanhoenacker, 2015). Few reports 
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of PVT caused by physical or mechanical strain 
or local trauma to the foot or use of orthoses 
have been mentioned in the literature (Czihal et 
al., 2015; Vansevenant and Vanhoenacker, 2015; 
Swellengrebel et al., 2019; Rastel, 2021).

Considering calf DVT in general, factors such 
as age, gender, footwear, genetic predisposition 
or mutations have all been postulated to play sig-
nificant roles in their pathogenesis. Numerous 
studies have established other risk factors of DVT, 
namely postoperative recumbency, foot surgery, 
smoking, cardiac conditions, paralytic stroke, 
family history, and drug usage, among others 
(Radl et al., 2003; Peterson et al., 2011; Saragas et 
al., 2014; Masaragian et al., 2019; Loveday, 2020; 
Kohls, 2022).

Although our cadaveric subject was known to 
have died from a stroke, it is difficult to speculate 
the role of any of these factors in the pathophysi-
ology of isolated lateral PVT in our subject. In the 
absence of any other sites of venous thrombosis 
like calf DVT, or obvious etiology of isolated lateral 
PVT, and not knowing the subject’s medical histo-
ry during her lifetime, analysis of pedobarograph-
ic and phlebology literature provided vital clues 
towards a possible pathophysiological association 
between HV and lateral PVT in our subject.

Foot phlebology analysis

The foot is drained by a medial and lateral ve-
nous network respectively, the latter being larger. 
The two networks are connected by the first IM 
perforating vein (Uhl and Gillot, 2010; Vansev-
enant and Vanhoenacker, 2015). LPV, being the 
larger of the two plantar veins in the sole of the 
foot, is the main conduit of venous blood flow from 
the sole. It drains venous blood from the toes and 
deep MT veins into posterior tibial Venae Comi-
tantes (VC). LPV follows a course between the FDB 
and QP muscles, which are fleshy muscles of the 
first and second anatomical layers of the sole of 
the foot respectively (Uhl and Gillot, 2010; Moore 
et al., 2021). According to Uhl and Gillot’s ‘foot-
pump’ hypothesis (2010) in their prize-winning 
seminal phlebology work, these muscles are the 
principal actuators of the foot-pump, among oth-
er intrinsic foot muscles.  During various phases 
of normal walking and standing, venous blood 

drains sequentially from toes through deep MT 
veins into the functional ‘receptacle’ of the LPV, 
through the latter’s physiological distal ‘suction 
pole’. Then the blood is transmitted to the posteri-
or tibial VC through the proximal ‘ejection pole’ of 
LPV. This is achieved by the ‘milking action’ of the 
intrinsic foot muscles, including the FDB and QP, 
between which the LPV passes, assisted by nor-
mal lateral plantar pressure of longitudinal arch 
of foot during various phases of gait and stance. 
The components of the foot-pump are designed 
to function synchronously and synergistically in 
normal foot configuration with normal arch sup-
ports. In most cases the medial plantar vein is 
small and does not play a significant role in the 
foot-pump hemodynamics (Uhl and Gillot, 2010).

Pedobarographic analysis

Pedobarographic studies, which assess foot 
pressure patterns and distribution during stance 
and gait, have amply demonstrated abnormal 
stress patterns on metatarsal heads during var-
ious phases of gait in patients with HV. Only 
one study mentioned increased lateral forefoot 
pressures during stance and gait in HV patients 
(Blomgren et al., 1991). Most other studies have 
recorded increased medial foot pressure pat-
terns, namely significantly higher mean, and 
peak medial plantar pressures under first three 
MT heads, especially under first MT head, and in-
creased medial foot contact time in patients with 
HV. The higher peak pressures under first MT 
head correlated with higher HV angle and IM an-
gle (Plank, 1995; Yamamoto et al., 1996; Bryant et 
al., 1999). The slight flattening of the medial lon-
gitudinal arch of the foot in patients with HV may 
explain the higher medial plantar pressures and 
increased medial foot contact times recorded in 
these studies (Moore et al, 2021).

Pathophysiological association of HV and PVT

Correlating these phlebology and pedobaro-
graphic findings leads us to a possible pathophys-
iological association between HV and lateral PVT 
in our subject. Increased medial forefoot plan-
tar pressures are counter-productive to effective 
functioning of the anatomical and physiological 
foot-pump (Uhl and Gillot, 2010). Our female ca-
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daveric subject with HV would have had partial-
ly flattened medial longitudinal arch during her 
lifetime (Moore et al, 2021). She would have ex-
perienced increased medial plantar pressures 
and increased medial foot contact times during 
stance and gait (Plank, 1995; Yamamoto et al., 
1996; Bryant et al., 1999). It could have led to in-
effective functioning of the intrinsic foot muscles, 
thereby impeding venous return from the toes 
and deep MT veins into the LPV. Furthermore, 
inadequate ‘milking action’ of FDB and QP mus-
cles, between which LPV passes, could have led to 
failure of functional components of LPV, namely 
the ‘suction pole’, ‘reservoir’, and ‘ejection pole’ of 
the foot-pump conduit. Resultant stasis in the LPV 
could lead to lateral PVT (Uhl and Gillot, 2010). 
The initiation of lateral PVT may have been from 
the first perforating IM vein, which connects the 
medial and lateral plantar venous networks (Van-
sevenant and Vanhoenacker, 2015; Rastel, 2021). 
Eventually, lateral PVT may be the precursor of 
calf DVT in susceptible subjects (Uhl and Gillot, 
2010) (Fig. 5).

Gait studies in elderly people with HV have 
demonstrated temporospatial gait impairment, 

instability, and risks of falling, especially when 
walking on uneven surfaces (Menz and Lord, 
2005). Physical or mechanical stress on the foot 
may potentially precipitate PVT in elderly sub-
jects (Vansevenant and Vanhoenacker, 2015; 
Rastel, 2021). Therefore, it can be postulated that 
postural factors may have engendered lateral PVT 
in our cadaveric subject in a secondary way. En-
cumbered with HV and advancing age, our subject 
may have been experiencing abnormal mechani-
cal stresses on her foot during her lifetime, lead-
ing to lateral PVT.

CONCLUSION
This study proposes a possible pathophysio-

logical association between HV and PVT in an el-
derly female cadaveric subject. Given the unique 
coexistence of HV and lateral PVT in this subject, 
substantiated by a review of the relevant litera-
ture, it is our postulation that clinically significant 
HV in elderly females may alter posture and gait, 
leading to incompetence of the anatomical and 
physiological foot-pump postulated by Uhl and 
Gillot (2010). Since LPV is the main venous con-
duit of the foot-pump, and intrinsic foot muscles, 

Fig. 5.- Diagrammatic overlay on image of sole of foot to illustrate the ‘foot-pump’ hypothesis of Uhl and Gillot and the possible 
pathophysiology association of lateral PVT and HV in this subject. The ‘foot-pump’ needs properly functioning intrinsic foot mus-
cles, especially FDB and QP in a normally configured and arched foot to propel venous blood effectively through the lateral PV into 
the posterior tibial VC. HV disrupts the medial longitudinal arch of foot, leads to disproportionate increased medial forefoot pres-
sures, and renders the ‘foot-pump’ ineffective. This paves the way for PVT and possibly DVT.
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especially FDB and QP, are the actuators of the 
foot- pump, ineffective functioning of the latter 
can lead to altered venous hemodynamics in foot, 
leading to lateral PVT.

While pathophysiology of calf DVT and its se-
quelae have been documented and described ad 
infinitum, the literature is rather sparse in the con-
text of foot PVT and its etiopathogenesis. It is al-
most nonexistent regarding specific pathophysi-
ological association between HV and PVT, notably 
because of the relative rarity of both individually, 
and especially in combination, in the general pop-
ulation. Therefore, more pedobarographic and 
phlebology studies are required in living subjects 
with coexisting HV and PVT, for our pathophysi-
ological association postulation to be confirmed.
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