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Background Pronator quadratus (PQ) is a deeply situated muscle in the forearm
which may occasionally be utilized for soft-tissue reconstruction. The purpose of this
anatomical and clinical study was to confirm vascular supply of PQ muscle (PQM) in
order to optimize its transfer and confirm its utility in clinical situations.

Methods In Part A of the anatomical study, fresh human cadavers (n = 7) were pre-
pared with an intra-arterial injection of lead oxide and gelatin solution, and PQM and
neurovascular pedicle were dissected (n = 14). In the anatomical study Part B, isolated
limbs of embalmed human cadavers (n = 12) were injected with India ink-gelatin mix-
ture and PQ were dissected.

Results PQ is a type Il muscle flap, with one major pedicle, the anterior interosseous
(Al) vessels and two minor pedicles from the radial and ulnar vessels. The mean dimen-
sions of the muscle were 5.5 x 5.0 X 1.0 cm?, mean pedicle length was 9.6 cm, and the
mean diameter of the artery and the vein was 2.3 mm and 2.8 mm, respectively. The
dorsal cutaneous perforating branch (DPB) of the artery supplied the skin over the dor-
sal forearm and wrist. This branch also anastomosed with the 1, 2 intercompartmental
supraretinacular artery (ICSRA).

Conclusion This study confirms the potential utility and vascular basis of the PQM
flap and its associated cutaneous paddle.

In the clinical part, two patients with nonhealing wounds exposing the median
nerve and flexor tendons in the distal forearm were treated using the PQM flap with
good results.

myo-osseous flap based on the distal blood supply has been
reported.'? It has been used as a pedicled flap to cover the

Each new surgical procedure or wave of surgical endeavor
requires further anatomical information. Understanding the
vascular anatomy of individual muscles is critical for muscle
transfers, especially with advancements in microsurgical
reconstruction. An ideal muscle for transfer is appropriately
sized, has constant anatomy, is adequately sized vessels and
also expendable. Pronator quadratus muscle (PQM) has many
of these characteristics.

The PQ is a small deeply seated expendable muscle of
the forearm. The vascular anatomy of PQ and its use as a
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median nerve after neurolysis or excision of neuromas,’ as
a pedicled myo-osseous flap in the treatment of scaphoid
nonunions,* and other conditions,” for coverage of palmar
defects,® forearm and wrist defects,” and as a functioning free
muscle transfer for thenar muscle loss.® Anatomical studies
have also suggested the possibility of using this flap for facial
reanimation.’

Previous studies have not clarified the relationship
between the vascular anatomy of the PQ and surrounding
structures. The objectives of this anatomical and clinical
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study were to (i) define the neurovascular anatomy of the PQ,
(ii) clarify its intramuscular vascularity, (iii) identify the vas-
cular basis of harvesting pronator quadratus as a pedicled or
free flap with skin or bone or both, and (iv) use the PQM flap
for pedicled wound coverage of distal forearm defects.

Materials and Methods

The two-part anatomical study was performed on fresh and
preserved human cadavers.

Part A

Seven fresh human cadavers (4 male and 3 female; mean age
72 years) were injected with the modified lead oxide-gela-
tin injection technique,'® originally described by Salmon'"'?
and Rees and Taylor® and modified by Tang et al.’® A mix-
ture of 5% gelatin (300 Bloom) and lead oxide (100% w/v)
solution was warmed to 40°C and injected through a cathe-
ter placed in the femoral artery. The total injection volume
was 26 mL/kg. The cadavers were then cooled to 4°C for
24 hours. The forearm skin and superficial forearm flexor
muscles were removed. The PQM with anterior interosse-
ous (Al) artery, vein and nerve, radial and ulnar arteries
and their vena comitantes were meticulously dissected
and removed (n = 14). The perforating branch from the Al
artery (AIA) through the interosseous membrane along
with the skin on the dorsum of the wrist it supplied was
noted. The specimens were then digitally photographed and
radiographed. The photographs, dissection notes and radio-
graphs were analyzed and compared.

Part B

Six embalmed cadavers (2 males and 4 females, mean age
70 years) were also available for the study. The subclavian
artery was injected with a mixture of India ink and gelatin.
After 24 hours, the specimens were dissected and analyzed
in the same manner as in Part A.

Results

The modified lead oxide-gelatin injected specimens pro-
vided detailed information regarding the extramuscular and
intramuscular arterial anatomy. The high-resolution angio-
grams provided detailed information regarding the arterial
anatomy.

The pronator quadratus is a quadrilateral-shaped muscle
located in the distal third of the forearm with attachments to
the radius, ulna and the interosseous membrane. Superficial
and deep heads were identified in all specimens. The deep
head was thicker than the superficial head. The mean dimen-
sion of the composite muscle was 5.5 x 5.0 x 1.0 cm® (~Fig. 1).

In all of the specimens, the anterior interosseous (AI)
artery and nerve provided the principal arterial and nerve
supply to the PQ. The average length of the pedicle was
9.6 cm (range 9.0-10.5 cm). The mean diameter of the AIA
was 2.3 mm at its entry into PQ (range 2.0-2.8 mm). The Al
vein accompanied the artery consistently and was usually
single (22 of 26 specimens), with a diameter of 2.8 mm. In
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Fig. 1 Photograph of a preserved cadaver dissection specimen with
India ink injection showing the pronator quadratus muscle (PQM).
The flexor muscle of the forearm has been removed. The radial artery
(radial A) and its branches supplying the PQ is clearly seen as is the
ulnar artery (ulnar A). The anterior interosseous (Al) pedicle with the
artery vein and nerve is seen entering the dorsal aspect of the muscle.

four specimens, there were two venae comitantes (4 of 26
specimens). Minor pedicles from radial and ulnar arter-
ies with diameter averaging 0.5 mm were seen to supply
the muscle from radial and ulnar aspects of the muscle,
respectively (=Fig. 2). The branches from the radial artery
(RA) were identified in all specimens, while those from the
ulnar artery (UA) were seen in 20 of the 26 muscles (77%).

The average length of the Al nerve after the branch to flexor
pollicis longus muscle was 4.8 cm (range 4.0-7.5 mm). The Al
pedicle entered the dorsal aspect of the muscle in all specimens.
At the upper border of the muscle, it gives 1-2 branches to
the deep head and then penetrated it to supply the super-
ficial head with 3-4 branches. The radial artery supplied
2-3 branches that entered the radial border of the muscle from
the volar aspect (=Fig. 1). These branches followed a superfi-
cial course for approximately 1 cm and then penetrated the
muscle to anastomose with the branches from the AIA within
the superficial head. The branches from the UA when present
followed the same pattern. The Al nerve followed the artery
and first gave a branch to the deep head and continued distally
and volarward to divide into 2-3 terminal branches in order to
supply the superficial head.

Dorsal Cutaneous Perforating Branch (DPB) of the
Anterior Interosseous Artery (AIA)

At the proximal border of the muscle, the AIA gave a constant
dorsal cutaneous perforating branch (DPB) in all specimens.
It pierced the interosseous membrane to supply the skin
over the distal third of the forearm and wrist (~Figs. 3, 4).
The average diameter of the DPB was 1.2 mm and the corre-
sponding vein 1.3 mm. It passes between the extensor digito-
rum communis tendons and the tendons of abductor pollicis
longus and extensor pollicis brevis and is located roughly
4 cm proximal to the Lister’s tubercle (LT). The DPB branch
divided into two main branches, one of which supplied
the skin of the dorsum of the distal forearm and wrist. The
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Fig. 2 . Dissected pronator quadratus muscle (PQM) demonstrating
the common interosseous artery (CIA) and anterior interosseous artery
(AIA) from a lead oxide-gelatin injected fresh cadaver. The radial artery
(RA) and ulnar artery (UA) are seen. The dorsal cutaneous perforating
branch (DPB) supplying the skin on the dorsum is shown by the arrow.

mean area of skin supplied by this branch was 21 cm? via
3-5 septocutaneous perforators. The other branch from the
DPB was noted to travel radialward and distally. Interestingly,
it anastomosed with the 1, 2 intercompartmental suprareti-
nacular artery (1, 2 ICSRA)™ from the radial artery in 6 of 6
specimens where this branch was traced (~Figs. 3, 4). =Fig. 5
is a diagrammatic representation of the relationship of the
DPB and 1, 2 ICSRA.

Preserved cadaveric specimens provided useful informa-
tion for correlation with the fresh tissue dissections. The
India ink provided contrast, coloring arteries black. However,
the quality of anatomic detail obtained in preserved cadav-
ers was inferior to the results from lead oxide-injected fresh
specimens.

Clinical Cases

Case 1

A 56-year-old male, known diabetic and hypothyroid on
treatment, presented with chronic nonhealing ulcer of the
tongue. Biopsy of the lesion was reported as moderately
differentiated squamous cell carcinoma. He received neo-
adjuvant chemotherapy followed by right hemiglossectomy
and free microvascular radial artery flap for reconstruction.
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CIA

Fig. 3 Angiogram of the common interosseous artery (CIA) and anterior
interosseous artery (AlA) from the same specimen as in Fig. 2. The intra-
muscular course of the AIA as well as contributions from the radial artery
(RA) and ulnar artery (UA) are very well seen in the pronator quadratus mus-
cle (PQM) on lead oxide-gelatin injection. The dorsal cutaneous perforating
branch (DPB) supplying the skin on the dorsum is shown by the arrow.

Fig. 4 Photograph of a dissection specimen of an injected fresh cadaver
showing the dorsal cutaneous perforating branch (DPB) of the anterior
interosseous artery (AlA) and the 1, 2 intercompartmental supraretinacular
artery (1, 2 ICSRA). The Listers tubercle (LT) is marked for correlation. The
arterial branches supplying the skin paddle from the DPB can also be seen.
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The flap donor site in the left distal forearm broke down and
became an infected ulcer (~Fig. 6 a). Following debridement
and excision of exposed and necrotic flexor carpi radialis
tendon, a pedicled PQM flap was raised and the defect with
the exposed flexor tendons and median nerve was covered
(=~Fig. 6 b, c). A split-thickness skin graft (STSG) was applied
over the muscle. The flap healed well (~Fig. 6 d). Following
healing, he received further adjuvant chemotherapy.

Case 2

A 57-year-old lady with infiltrative ductal carcinoma in left
breast and axillary lymphadenopathy underwent chemoport
insertion and developed a nonhealing ulcer on the left wrist
due to anthracycline extravasation. Pus culture from the
wound grew Staphylococcus aureus sensitive to Cloxacillin.

Skin
paddle

Radius

1,2ICSRA

EPB/ APL

Fig. 5 Schematic representation of Fig.3 showing the relation
between the dorsal cutaneous perforating branch (DPB) of the
anterior interosseous artery (AIA) and the 1, 2 intercompartmental
supraretinacular artery (1, 2 ICSRA). The 1st extensor compartment
tendons (extensor pollicis brevis/abductor pollicis longus [EPB/APL])
and Listers tubercle (LT) are marked.

She was treated with antibiotics and serial wound dressings.
However, the ulcer failed to heal (~Fig. 7 a). She underwent
ulcer debridement, flexor tenosynovectomy, excision of
flexor carpi radialis and palmaris longus muscles, followed
by pedicled PQM flap to cover the defect (=~Fig.7 b, c). A STSG
was applied over the muscle in this case also (~Fig. 7 d). She
then underwent modified radical mastectomy and postop
chemotherapy for her breast cancer.

Discussion

The PQ is a quadrilateral muscle belonging to its own dis-
tinct forearm space in the deep volar compartment of the
forearm.’ It is composed of a superficial and deep head with
an occasional dorsal head.'® In our dissections, the superfi-
cial and deep heads were consistently seen. The dorsal head
could not be identified in these specimens.

Basmajian'” suggested that PQ is the main forearm pro-
nator based on his electromyography studies. He found that
the pronator teres is a reinforcing muscle when rapid pro-
nation or pronation against resistance is required. However,
due to the presence of pronator teres, PQ is considered
expendable and may be removed without obvious weakness
of pronation.? The role of PQ in stabilizing the ulna and in
radioulnar convergence was investigated.'®'® The amplitude
of motion and other physical characteristics of the PQ have
been well-studied.* Brand has reported the resting fiber
length of 3.0 cm, mass fraction of 1.8%, and tension fraction
of 3.0 % for the PQ."°

Previous reports suggest that the PQ receives its primary
blood supply consistently from the AIA. This was confirmed
in our dissections. It also received minor pedicles from RA in
all specimens and from UA in 77% of specimens. Hence, it can
be classified as a type II muscle based on the classification
of Mathes and Nahai (one dominant pedicle and two minor
pedicles).?! Few studies have focused on the intramuscular
vascular anatomy of the PQM. Salmon performed lead oxide

Fig. 6 (a). Patient with moderately differentiated squamous cell carcinoma of tongue had right hemiglossectomy and free microvascular radial
artery flap with flap donor site breakdown exposing median nerve. (b).The wound is debrided, and the pronator quadratus PQ flap is elevated
based on the AIA. (c). A split-thickness skin graft (STSG) applied over the muscle flap. (d). The wound healed well on 3 months follow-up.
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Fig. 7 (a). Patient with infiltrative ductal carcinoma breast had nonhealing ulcer over the left wrist due to anthracycline extravasation.
(b). Following debridement, a pedicled pronator quadratus muscle (PQM) flap is raised. (c). The PQM is then inset and used to cover the defect.
(d). A split-thickness skin graft (STSG) was applied over the muscle in this case also.

injection studies in the 1930’s and wrote his classic book on
the arteries of the muscles of the extremities and trunk.’?
He reported that the PQM receives its blood supply via the
AIA through a series of transverse branches. We found that
the muscle is very well-vascularized by the AIA, which sup-
plied the deep head with 1-2 branches and then penetrated
it to supply the superficial head with 3-4 branches. These
branches anastomosed with branches from the radial and
ulnar arteries within the muscle. This confirms that the PQ is
a type Il muscle flap and also explains how bone grafts from
distal radius based on PQ is very vascular.

The DPB from the AIA has been utilized in the distal dorsal
forearm flap.?? Four types of free flaps based on the AIA have
been described: fasciocutaneous, osteocutaneous, neurovas-
cular and muscle.?

In six dissections, the dorsal perforating branch was
meticulously dissected to trace the DPB supply to the dorsal
wrist. An interesting finding was the anastomosis between
this branch and the 1, 2 ICSRA branch from the radial artery.
This finding has not been reported previously. This was seen
in all the six specimens where this branch was traced. It may
be possible to harvest vascularized bone from the dorsal
aspect of the distal radius, based on this branch from the DPB
of the AIA.

This anatomical study confirms the consistent vascular
supply of the PQ by the Al vessels. The PQ maybe classified as
a type Il muscle based on its vascular supply. The intramus-
cular vascular anatomy is recorded as well as the cutaneous
supply over the dorsal wrist skin by its perforating branches.
Our anatomical study supports the use of this muscle as a
free muscle transfer for coverage of defects up to 5 x 5.5 cm?
or for functioning muscle transfer based on the Al nerve. The
muscle flap dissection is straightforward. The arc of rotation
of the pedicle is approximately 6 cm, which concurs with the
description by Dellon et al®.Harvest of the skin paddle can
increase the area covered by another 5 x 5 cm? but involves a
more difficult dissection. PQ may also be used as a function-
ing free muscle transfer to provide thenar abduction or facial
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reanimation with minimal donor defect. A distally based PQ
flap based on the dorsal branch of AIA has been described.!
The clinical cases highlight the use of the PQM flap in cov-
ering the defects in the distal forearm. The prime indication
of this flap in our opinion is covering exposed median nerve
and providing a soft-tissue cushion for painful neuromas fol-
lowing median nerve repair at distal forearm level. It is also
useful to cover exposed flexor tendons in the distal forearm
level when used as a pedicled flap. The harvest is quick and
simple. There was no weakness of thumb flexion following
the harvest in both patients. Since the vascular pedicle is
medium-sized, it can very well be used as free muscle flap.

Conclusion

We have provided further anatomical clarification of the
PQM flap and demonstrated its use in clinical scenarios. This
muscle appears to be an expendable, easily dissected useful
option, especially in hand and wrist surgery.
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