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Introduction Knowledge of anatomical variations in the origin and in the course of
the dorsal metatarsal arteries (DMTAs) is valuable for many procedures, including
reconstructive surgeries and flap selection. However, there is a paucity of data on these
arteries among black Africans.

Materials and Methods The present study studied the origin and the location of
DMTAs in 30 formalin-fixed cadaveric feet of adult black Kenyans at the Department of
Human Anatomy of the University of Nairobi, Nairobi, Kenya.

Results Dorsal metatarsal arteries were present in all of the cases. Of the right
dorsalis pedis artery (DPA), in the majority of the cases, the 1°* DMTA arose as the
continuation of the DPA, while the 2" to 4™ DMTAs were given off as branches from
the arcuate artery (AA). On the left feet, in the majority of the cases, the 1°* DMTA arose
as the continuation of the DPA, while the rest were given off as branches from the AA. In
relation to the dorsal interossei muscles, all of the the arteries were either within the
muscle fibers (53%) or beneath them (47%), on the right side. On the left side, the 1%
DMTA was above the muscles in 40% of the cases; within the muscles in 53%; and
beneath the muscles in 7%. The 2"¢ and 3 DMTAs were above the muscles in 57% and
in 53% of the cases, respectively.

Conclusion These results reveal that the DMTAs show variation in their origin and
position relative to the dorsal interossei muscles. These variations display bilateral
asymmetry.

Knowledge of anatomical variations in the origin and in the

The dorsal metatarsal arteries (DMTAs) are the main blood
supply to the structures located dorsally between the digits.
They course between the metatarsal bones to bifurcate at the
web of the toes into the proper dorsal digital arteries.
Normally, the 1°* DMTA is a branch of the dorsalis pedis
artery (DPA), given off before the deep plantar artery and the
arcuate artery (AA). The other DMTAs arise as branches from
the AA, which is a branch of the DPA."-?

Variations have been reported on the origin of these
vessels, as well as on their course between the web spaces.>~°
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course of the DMTAs is valuable to endovascular surgeons
when selecting the artery to be revascularized based on the
angiosome concept in critical limb ischemia cases in order to
avoid amputation of feet of diabetic patients. It is also
important in reconstructive surgeries and in flap selection
in order to select the vascularized bone graft for reconstruc-
tion of metatarsals and digits of the amputated limb and
for the reconstruction of the eyelids and of the nasal tip.*
There is a paucity of data on these arteries among black
Africans. Therefore, the present study aimed to investigate
the anatomical variations in the DMTAs in a select Kenyan
population.
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Methods and Materials

The present study, a descriptive cross-sectional study with a
sample size of 30 specimens, was performed at the Depart-
ment of Human Anatomy of the University of Nairobi,
Nairobi, Kenya. The formalin-fixed specimens used were of
adults of Kenyan indigenous ethnicity.

To dissect out the DMTA, the skin, the fat, and the fascia of
the dorsum of the feet were removed. This exposed the DPA
and its branches. The AA was then identified as the artery
that branched from the tarsalmetatarsal joint and arched in a
semicircular manner beneath the tendons of the extensor
hallucis brevis muscle. The extensor digitorum brevis was
therefore retracted to allow access to the branches of the AA.

The 1°* DMTA was identified as the branch of the dorsalis
pedis artery given off before the deep plantar artery and the
AA. The other DMTAs were identified as the arteries that
branched from the AA and coursed between the metatarsal
bones to bifurcate at the web of the toes into the proper
dorsal digital arteries. These vessels were then cleaned and
tagged for visibility.

The origins of the arteries were then measured from the
base of the respective metatarsal bones and recorded. The
variations of the origin of the DMTAs, as well as their courses,
were also observed and noted. Data was recorded and
variations were photographed with a 12.1 megapixels digital
camera Carl Zeiss Ikon (Carl Zeiss, Oberkochen, Germany).

The data was coded into SPSS version 21, IBM, in which the
means of the different data were calculated. Side variations
were also analyzed using the paired t-test. A p-value < 0.05
was considered significant at a 95% confidence interval (CI).
Data were presented using tables and photographs.

Results
All of the the DMTAs were present.

Origin of the Dorsal Metatarsal Arteries

There were different topographical as well as morphometric
points of origin as measured from the bases of the respective
metatarsal bones.

Topographical Origins of the Dorsal Metatarsal
Arteries

In 33% of the right DPAs, the 1°* DMTA arose as a branch of the
DPA, while the rest were given off as branches from the AA. In
20% of the right DPAs, the 15 DMTA arose as the continuation
of the medial dorsalis pedis branch, while the rest were given
off by the lateral dorsalis pedis branch. In the remaining 47%
of the right DPAs, the main DPA gave off the 15 DMTA, the 2"¢
DMTA was given off as a direct branch from the DPA, while
the 3™ and 4" DMTAs arose as branches from the lateral
tarsal artery (LTA).

In 47% of the left feet, the 15* DMTA arose as a branch of the
DPA, while the rest were given off as branches from the AA. In
13% of the cases, the 1°* DMTA arose as the continuation of
the medial dorsalis pedis branch, while the rest were given
off by the lateral dorsalis pedis branch. In 40% of the cases,
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the 15* DMTA arose as a branch of the DPA, the 2"¢ DMTA was
given off as a direct branch from the DPA, while the 3™ and
4™ DMTASs arose as branches from the LTA. (~Figs. 1-3)

Morphometric Origin of the Dorsal Metatarsal
Arteries as Measured from the Respective Metatarsal
Bases

The mean distance of the 1°* DMTA on the right side arose ata
point 2.36 mm from the base of the 1°* metatarsal bone. The
mean distance of the 2", 3™ and 4™ DMTAs arose at
1.18mm, 1.52mm, and 1.46mm from their respective meta-
tarsal bases, respectively. On the left side, the mean distance
of the 1* DMTA arose at a point 1.46 mm from the base of the
1t metatarsal bone. The mean distance of the 2"¢, 37 and 4"
DMTAs arose at 2.60mm, 1.60mm and 1.60mm from their
respective metatarsal bases, respectively (=Table 1).

Relation of the Dorsal Metatarsal Arteries to the
Dorsal Interossei Muscles

On the right feet, all of the DMTAs were noted to lie either
within the muscle fibers of the dorsal interossei muscles or
beneath them. The vessels lay within the muscles in 53% of
the cases, and beneath the muscles in 47%. However, on the
left feet, the relation of the DMTAs to the dorsal interossei
muscles varied. The 1°* DMTA was noted to be above the
muscles in 40% of the cases, within the muscles in 53%, and
beneath the muscles in 7%. The 2" DMTA was noted to be

2y
Medial tarsal’

R

Fig. 1 Image showing the 1st type of branching pattern of the dorsalis
pedis artery. Note the dorsalis pedis artery giving the arcuate artery artery
(which gives the 2" to 4" dorsal metatarsal arteries), while the dorsalis
pedis artery continues as the 1°* dorsal metatarsal artery.
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Fig. 2 Image showing the 2" type of branching pattern of the
dorsalis pedis artery. Note the dorsalis pedis artery dividing to give a
lateral dorsalis pedis artery and a medial dorsalis pedis artery. The
lateral dorsalis pedis artery gives the 2" to 4" dorsal metatarsal
arteries, while the medial dorsalis pedis artery continues as the 1%
dorsal metatarsal artery.

above the muscles in 57% of the cases, and within muscles in
43%. The 3™ DMTA. On the other hand, it was above the
muscles in 53% of the cases, and within the muscles in 47%.
The 4™ DMTA was noted to be above the muscles also in 53%
of the cases, and within in 47% (~Table 2) (~Fig. 4A-BC).

Discussion

All of the the DMTAs were present in all of the cases of the
present study. This is similar to data derived by Yeo et al’ in
the Singapore population, who found that the 15* DMTA was
present in 100% of the specimens. However, in contrast, in
the American population, Upton® found that the 1°¢ DMTA
was absent in 9% of the cases, while Kulkarni et al® found
that the 1°* DMTA was absent in 33.3% of the cases in the
Indian population. In another Indian study, Awari et al®
found that the 1% DMTA was absent in 8% of the feet.
Absence of the DMTA could be attributed to some combina-
tions of persistent primitive arterial segments, to abnormal
fusions, to segmental hypoplasia of arteries, or to absence
during the embryological development.'’ The presence or
absence of DMTAs could influence their selection for
flaps;'%'3 however, since all of the DMTAs were present
in our study, their selection in flap and reconstructive
surgeries is recommended.

Variations of the Dorsal Metatarsal Arteries

Amuti et al.

;}.ir al
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Fig. 3 Image showing the 3™ type of branching pattern of the
dorsalis pedis artery. Note that the dorsalis pedis artery gives out the
2" dorsal metatarsal arteryas a single branch, and the lateral tarsal
artery (which gives out the 3'¢ and 4" dorsal metatarsal arteries). It
then continues off as the 1°* dorsal metatarsal artery.

Table 1 Morphometric distance of the dorsal metatarsal
arteries from their respective metatarsal bone bases

Side Number Morphometric distance
(mm)
Mean Range
Right .5t 2.36 0.55-.44
" 1.18 1.01-2.82
3" 1.52 0.84-2.71
40 1.46 0.84-3.02
Left e 1.46 0.57-3.83
" 2.60 0.65-2.70
5 1.60 0.60-2.84
40 1.80 0.60-2.62

Regarding the origin of the DMTAs on the right feet, the 1%
DMAT originated mostly as a branch of the main DPA, while
the 2" DMTA was given off as a direct branch from the DPA,
while the 3™ and 4™ DMTAS arose as branches from the LTA.
On the left feet, however, the 15 DMTA originated mostly as a
branch of the main DPA, while the 2"9, 3™ and 4™ DMTAs
arose as branches from the AA. These findings on the origin
of the 1%* DMTA are similar to those in the Indian population,
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Table 2 Relation of the dorsal metatarsal arteries to the dorsal
interossei muscles

Side (n = 30) Relation of the Frequency
DMTA to the dorsal | (%)
interossei muscles

Right (All DMTAs had | Above —

the same pattern)

Within 53
Beneath 47

Left

1t Above 40
Within 53
Beneath 7

2nd Above 57
Within 43
Beneath -

31 Above 57
Within 43
Beneath -

4t Above 57
Within 43
Beneath -

in whom the 1% DMTA was a branch of the DPA in most of the
cases.

Regarding the origin of the other DMTASs, data from Egypt
found that the 29, 3™, and 4™ DMTASs arose from the AA in 85%
of the specimens.? In the Indian population, the 2", 3", and 4™
DMTAs were seen arising from the AA in 60%, 54%, and 40% of
the cases,’ respectively. Additionally, in the same Indian study,
the 2" DMTA originated from the DPA in 10% of the feet, from
the deep plantararchin 18% of the feet, and from the LTAin 10%
of the feet. The 3™ DMTA originated from the deep plantar arch
in 16% of the feet, and from the LTA in 22% of feet. The 4™ DMTA

originated from the deep plantar arch in 24% of the feet, and
from the LTA in 18% of the feet. Another study on the Indian
population also revealed that the 3™ and 4™ DMTAs arose from
the 2" DMTA in 5% of the cases.’

However, data on the 2™, 3™ and 4™ DMTAs contrast
slightly. Data from Australia (El Saeed et al)8 and India (Awari
et al)® suggest that these DMTAs originated majorly from the
AA. This is similar to data obtained in our setting, but
specifically for the left feet. The origins of the 2" to 4
DMTASs on the right feet, however, contrast sharply from all
of the data that has been reported on it from other popula-
tions. Data on the origin of the DMTAs can help endovascular
surgeons to select the artery to be revascularized based on
the angiosome concept in critical limb ischemia cases to
avoid the amputation of feet of diabetic patients, as well as in
reconstructive surgeries.'>'3 Therefore, in our setting, it is
worth noting that approaches to the DMTA flaps should be
slightly different when comparing procedures in the left feet
with those in the right feet.

The DMTAs on the right feet were predominantly within
the muscles, as compared with beneath or above. On the left
feet, the 1°* DMTA was predominantly within the muscles,
while the other DMTAs were mostly above the muscles. This
data contrasts sharply with that of the Chinese population,’
in whom the first dorsal metatarsal artery lies superficial to
the muscles in 11% of the population, and between the
muscles and the 1°° metatarsal bone in 84%. It has been
documented that the flap selection is easy when the dorsal
metatarsal artery is superficial, since, in this case, the dis-
section of the pedicle is easy. Therefore, in the present study,
the left 29, 3" and 4" DMTAs would be more suitable for
flap selection as compared with the other DMTAs.

The Dorsal Metatarsal artery has also been shown to
portray variations in its relation to the dorsal interossei
muscles. Data, especially on the 15 DMTA from the Chinese
population, showed that the vessel lies superficial to the
muscle in 11% of the population, and between the muscle
and the 1% metatarsal bone in 84%.° However, in our case, we
did not record any vessel that lay between the muscle fibers

Fig.4 (A) The dorsal metatarsal arteries are above the muscles. (B) The dorsal metatarsal arteries are within the dissected muscle fibers (*). (C)
The 1°" dorsal metatarsal artery appears deep into the dissected muscle fibers (*).
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or beneath the muscles. When the vessel lies beneath or
within the muscles, surgeons have been reported to cut open
the muscles and try to dissect out the artery during flap
selection. This causes many pitfalls during the surgery, by
damaging the muscles, jeopardizing the blood supply to the
skin, making the procedure more complicated, and prolong-
ing the surgical time.® This is in contrast to when the vessel is
superficial, when the dissection of the pedicle is easy. The
differences noted in the origin and in the course of the
DMTAs may be due to the heterogeneity in the genetic
makeup of different races. This difference may account for
the different embryological development of the vessels and,
therefore, in variant anatomy.

In conclusion, these results reveal that the DMTAs show
variation in origin and in position in relation to the dorsal inter-
ossei muscles. These variations display bilateral asymmetry.
Surgeons should be ware when taking flaps from the dorsum of
the foot. Preoperative ultrasound evaluation is recommended.
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