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ABSTRACT

Objective: A novel surgical technique to reanimate a paralyzed face, utilizing the functional transplantation of the pronator quadratus muscle
(PQM) in combination with a radial forearm flap (RFF) to cover a soft-tissue defect, was recently described. Although it is known that this muscle
is supplied by the interosseous artery, a flap combining the radial artery has shown sufficient vascularization of this muscle as well. The PQM is
generally poorly described in the literature, and there is insufficient information regarding its anatomical landmarks and vascular supply. The
aim of this study was to specify the anatomical features of the PQM and provide a description of its vascularization by the radial artery using
fresh cadavers.

Methods: The study involved the dissection of 20 pronator quadratus muscles from 10 fresh cadavers. To visualize the muscle branches within
the PQM, the radial artery was injected with a methylene blue solution. Measurements were taken for the number of muscle branches, inner-
vation, length, weight, and width of the PQM. Additionally, anatomic landmarks based on the radius bone were documented.

Results: There were up to four muscle branches of the radial artery supplying the PQM. The average muscle weight was 8 + 3 g, with a mean
length of 50 mm and a mean width of 45 mm distally and 48 mm proximally. On the radius, the proximal border of the PQM averaged 169 + 21
mm from the radial head, corresponding to 73 + 3% of the radial bone length, while the distal border was at an average of 218 + 24 mm (95 +
3%). On the ulnar aspect, the proximal and distal borders of the PQM measured on average at 190 + 18 mm (74 + 4%) from the olecranon and
244 + 23 mm (96 + 3%), respectively.

Conclusion: There are up to four muscle branches of the radial artery, each under 0.5 mm in diameter, that arise from the radial artery in the
area of the PQM origin and insertion. These branches should provide a constant blood supply to the PQM when it is raised with a free radial

forearm flap as a chimeric flap.

INTRODUCTION

Facial paralysis patients experience facial asymmetry, impaired emo-
tional expression, and difficulties with activities such as eating, drinking,
speaking, and communicating [1]. Nowadays, functional reconstruction
methods offer established techniques for reanimating the faces of pa-
tients with irreversible facial palsy [2-11]. In cases involving the simulta-
neous resection of skin, muscle, and the facial nerve, the challenge lies in
restoring facial function while achieving skin closure. A case report has
described the use of a chimeric radial forearm flap with innervated pro-
nator quadratus muscle (PQM), achieving satisfactory results [12]. This
surgical technique reanimated a partially paralyzed face by transplanting
the PQM functionally in combination with a radial forearm flap (RFF) to
cover the soft-tissue defect [12].

However, a detailed description of this method regarding the PQM's
blood supply, when combined with the radial forearm flap, has not been
previously reported. In this study, the authors aim to revisit the anatom-
ical landmarks of this flap and provide a comprehensive examination of
the vascular anatomy based on the radial forearm artery, which is used
for free functioning muscle transfer in facial reanimation.
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MATERIALS AND METHODS

Twenty arms were meticulously dissected in ten fresh adult cadavers
(seven males and three females) at the Center of Anatomy, Medical Uni-
versity of Vienna, Austria, to study the diameter, length, and caliber of
the radial artery branches leading into the PQM and their relationship to
bony anatomical landmarks. Additionally, the weight and size of the PQM
were assessed.

The dissection of the PQM flap followed the standard procedure for
the radial forearm flap. Care was taken during the dissection of the radi-
al artery in the distal quarter along the radius. When all flexor tendons
were retracted ulnarly, the arterial muscle branches became visible, orig-
inating from the radial artery and running in an ulnar direction into the
PQM muscle. The interosseous nerve could be dissected at the proximal
border of the PQM, as close to its origin as possible, and then resected
around the midpoint of the radius. After exposing the PQM branches and
the interosseous nerve, the PQM muscle was gently elevated from the
ulna and radius using a raspatory. The PQM blood supply was examined
under 3x loupe magnification after injecting a methylene blue solution
(C.1.52015, LabChem Réttinger, Dinslaken, Germany) into the origin of the
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Table 1. Proximal Borders of the PQM in Correlation With the Lengths of the Radial and Ulnar Bones'

Proximal borders of PQM n Mean (SD), mm
From the radial head 20 168 (20.5) 73 (3)
From the olecranon 20 190 (18.3) 74 (4)

Percentage of the total length of both bones (SD), %

Minimum, %? Maximum, %3
68 80

68 83

The proximal borders of the pronator quadratus muscle exhibit a correlation with the lengths of the radial and ulnar bones. These borders are situated within the range of 68% to 83% of

the total length of both bones.

2The minimum length of the proximal PQM borders in correlation with the lengths of the radial and ulnar bones is expressed as a percentage.
3The maximum length of the proximal PQM borders in correlation with the lengths of the radial and ulnar bones is expressed as a percentage.

Abbreviations: PQM, pronator quadratus muscle; SD, standard deviation.

radial artery. All measurements were taken from proximal to distal. On
the radial aspect, measurements started from the radial head, while on
the ulnar aspect, measurements began from the olecranon.

This study was conducted in accordance with the local ethics regu-
lations of the Center of Anatomy and Cell Biology, Medical University of
Vienna, Austria.

RESULTS

The PQM is predominantly a trapezoid-shaped muscle, with an average
proximal width of 48 + 10 mm, a distal width of 45 + 9 mm, and an overall
length of 50 £ 9 mm. The muscle's weight varied from 3.2 gto 14.6 g.

Among the PQMs (n = 20), 40% exhibited equal proximal and distal
widths, 50% had a wider proximal width than distal, and only 10% (n = 2)
of all muscles were wider at the distal end than the proximal.

The radial bone had an average length of 230 + 24 mm. On the radial
side, the proximal borders of the PQM were found, on average, at 169 +
21 mm from the radial head, accounting for 73 + 3% of the radial bone's
length, while the distal border was at 218 + 24 mm (95 + 3%).

On the ulnar aspect, the proximal and distal borders of the PQM
were measured at 190 + 18 mm (74 + 4%) from the olecranon and 244
+ 23 mm (96 + 3%), respectively. We did not differentiate between the
superficial and deep heads of the muscle (Table 1 and Table 2).

The average origin of the radial artery was 32 + 9 mm from the prox-
imal border of the head of the radius (caput radii). All PQMs had at least
one muscle branch of the radial artery, which was found, on average, at
190 + 23 mm (83%) from the radial head. Among the PQMs, 85% (17 out
of 20) had a second muscle branch, 20% (4 out of 20) had a third branch,
and 10% (2 out of 20) had a fourth branch (Table 3, Figure 1, and Figure 2).

Furthermore, a correlation was observed between the length of the
radius and the location of the first radial muscle branch, as indicated by
the Pearson Correlation coefficient: the first muscle branch branched out
from the radial artery with an increase in the length of the radius bone.
However, no correlation was found between the weight or length of the
PQM and the number of its muscle branches.

We confirm the innervation of the PQM by the anterior interosseous
nerve (AIN). Measured from the radial head, the AIN originated between
the first and second proximal quarter of the radius bone, with an average

proximal measurement from the radial head at 52 + 12 mm (23 + 4%)
and an ulnar measurement from the olecranon at 79 + 17 mm (31 + 5%)
(Table 4).

DISCUSSION

The therapy goal of facial reanimation surgery is the reconstruction of
static and emotional dynamic symmetry [13-16]. The diversity of facial
reanimation procedures indicates the individualized treatment concepts
that account for the specific patients’ symptoms and deficits [17]. latro-
genic causes are the most common etiologies of facial palsy [18]. Facial
nerve injuries may manifest after the surgical removal of cerebellopon-
tine tumors, acoustic neuromas, parotid masses, or the development
of tumors along the path of the facial nerve [18]. In certain instances,
iatrogenic facial palsy arises from deliberate RO tumor resections, char-
acterized by the achievement of clear margins at both macroscopic and
microscopic levels. Conversely, there are situations where postoperative
facial nerve deficits occur unexpectedly [18]. In oncological cases, post-
operative facial palsy needs to be differentiated from preexisting facial
weakness caused by the tumor. Neoplastic causes account for around
5% of facial palsy cases and are usually characterized by gradual onset of
facial weakness [19,20]. In cases of oncological facial nerve resection, the
timing of facial nerve repair and facial reanimation are crucial, as dener-
vated facial muscles undergo atrophic changes which limit their potential
for reinnervation [21,22]. Direct nerve repair, early interposition nerve
grafting [23], even in proximal injuries close to the brainstem during
cerebellopontine tumor surgery [21,24,25] and other facial reanimation
procedures provide the optimal basis to regain facial nerve function.
Additionally static procedures are recommended to be used in combi-
nation with dynamic facial reanimation to improve facial function in pa-
tients with significant comorbidities and limited life expectancy who are
not suitable for complex multi-stage reconstructions [26]. Even in cases
with planned postoperative radiation, complication rates following static
procedures are low [27]. Moreover, in oncological resections, treatment
planning not only has to address reinnervation and the restoration of
missing mimetic muscles, but also consider soft tissue reconstruction for
possible radiation therapy [16,28].

Reports of immediate facial reanimation techniques that combine

Table 2. Distal Borders of the PQM in Correlation With the Lengths of the Radial and Ulnar Bones'

Distal borders of PQM n Mean (SD), mm
From the radial head 20 218 (23.4) 95 (4)
From the olecranon 20 244 (22.6) 96 (3)

Percentage of the total length of both bones (SD), %

Minimum, %? Maximum, %3
88 100

91 100

'The distal borders of the pronator quadratus muscle show a correlation with the lengths of the radial and ulnar bones. Notably, there exists a greater discrepancy between these borders
on each side. On the radial side, the distal border is situated between 88% and 100% of the radial bone length, whereas on the ulnar side, it is positioned within the range of 91% to 100%

of the ulnar bone length.

2The minimum length of the distal PQM borders in correlation with the lengths of the radial and ulnar bones is expressed as a percentage.
3The maximum length of the distal PQM borders in correlation with the lengths of the radial and ulnar bones is expressed as a percentage.

Abbreviations: PQM, pronator quadratus muscle; SD, standard deviation.
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Figure 1. The pronator quadratus muscle perforators of the radial artery in the right forearm are stained with methylene blue.

A BRACHIALIS

Figure 2. This comprehensive illustration provides a detailed view of the pronator quadratus muscle (PQM), its blood supply, and the relative positions of the radius and ulna within
the right forearm. The PQM is highlighted, with the entire lengths of the forearm bones (radius and ulna) marked in grey and outlined in blue. The proximal border of the PQM on the
radius is marked at 73%, while the distal border is marked at 88%. Similarly, on the ulna, the proximal border of the PQM is marked at 74%, and the distal border at 90%. Additionally,
the origins of the perforators from the radial artery are indicated in red at 83%, 87%, and 88%.
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Table 3. Origin of the Radial Artery Perforators in Correlation With the Length of the Radius’

Radial artery perforators n Mean (SD), mm

Perforator 1 20 190 (23) 83 (5)
Perforator 2 17 199 (19.6) 87 (3)
Perforator 3 4 209 (17) 89 (3)
Perforator 4 2 230 (0) 88 (0)

Percentage of the total length of both bones (SD), %

Minimum, %? Maximum, %3

73 90
83 93
86 92
86 86

'Every PQM has at least one perforator originating from the radial artery. Of these, 75% possess a second perforator, 20% have a third, and 10% even exhibit a fourth.
2The minimum length of the origin of the radial artery perforators in correlation with the length of the radius is expressed as a percentage.
3The maximum length of the origin of the radial artery perforators in correlation with the length of the radius is expressed as a percentage.

Abbreviations: PQM, pronator quadratus muscle; SD, standard deviation.

the reconstruction of soft-tissue skin defects with simultaneous function-
al neuromuscular reconstruction during oncological tumor resections
are quite rare. The lateral circumflex femoral system has been utilized
for repairing extensive defects in the head and neck regions, aiming to
restore both facial aesthetics and dynamic function [29,30]. The surgical
anatomy of the anterolateral thigh flap has been meticulously studied
in the past [30-34]. Recent publications have described the innovative
use of a chimeric approach, involving the transplantation of the PQM in
combination with a radial forearm flap [12,35]. This technique has shown
promising results for reanimating paralyzed faces without causing donor
site morbidity.

Anatomic studies of the PQM showed a two-headed muscle. The su-
perficial head of the muscle is more distal; it originates from the distal
fourth of the ulna and inserts with its transverse fasciculi into the distal
fourth of the anterior surface of the radius bone. The deep and more
proximal head of the PQM has oblique fasciculi extending from the prox-
imal ulnar origin to the distal radial insertion. The origins of both heads
are slightly apart, approximately 2 mm apart [36]. The superficial head is
the prime mover in forearm pronation, whereas the deep head functions
as a dynamic stabilizer of the distal radioulnar joint [37].

The muscle is innervated by the AIN, which arises from the median
nerve at the radiohumeral joint line. AIN runs on the anterior surface
of the interosseous membrane of the forearm and passes posterior to
PQM, dividing into three or four terminal branches [38]. The nerve is ac-
companied by the anterior interosseous artery, which is the supplying
artery of the PQM.

Due to the inadequate description of anatomic landmarks for the
PQM in the literature, this study was conducted to elucidate the anatom-
ic features of PQM and its vascularization by the radial artery for clinical
applications. The findings revealed that the average weight of PQM was
8 + 3 g. This muscle, shaped like a trapezoid, had an average length of
50mm and a mean width of 45mm distally and 48mm proximally. On the
radius, the proximal border of PQM averaged at 169 + 21 mm from the
radial head, which corresponds to 73 + 3% of the radial bone length, and
the distal border was at 218 + 24 mm (95 + 3%). On the ulnar aspect, the
proximal and distal borders of PQM were 190 + 18 mm (74 + 4%) from the
olecranon and 244 + 23 mm (96 + 3%), respectively (Table 1 and Table 2).
In addition to the detailed measurements of the muscle's insertion and
origin, as well as the origin of the anterior interosseous nerve, we estab-
lished that PQM receives its blood supply from both the anterior interos-
seous artery and the radial artery. Up to four muscle branches originat-

ing from the radial artery supply PQM. There was no correlation found
between the weight and size of PQM and the number of radial muscle
branches. PQM is innervated by the AIN and can be harvested at length
for nerve reconstruction. The origin of this nerve can be located between
the first and second proximal quarters of the radial or ulnar bone.

Although a former study revealed differences between male and
female specimens in connection with significantly greater radial-ulnar
width (p = 0.005), area (length times width; p = 0.006), and volume (p =
0.033) of the PQM in male specimens, as well as a greater distance from
the radial styloid to the distal arborization of the AIN (p = 0.005) com-
pared with female specimens [39], we could not find any significant dis-
tinction in correlation to weight (p = 0.46) or length (p = 0.2) of male and
female muscles.

The PQM is known to be active during grip strength. The superficial
head of PQM contracts more actively when the forearm is in pronation,
whereas the deep head constantly contracts in all positions. Both heads
play a role in grip strength, with the superficial head contributing to pro-
nation strength [40]. The attachment of PQM to the base of the ulnar sty-
loid process is considered an important structure that prevents the head
of the ulna from impacting against the carpal bones [38]. Despite these
crucial anatomic functions of PQM, there have been no reports of donor
site morbidity after harvesting PQM in the past [12,35,41].

One of the limitations of our study is the restricted number of speci-
mens, which prevented us from correlating sex and laterality (dominant
right or left hand) with the size/weight of PQM. A general limitation of
anatomical studies is the inability to assess muscle function.

In this study, our aim was to analyze clinically relevant anatomical
landmarks of the PQM and its blood supply. Our findings can provide
surgeons with valuable information for specific planning and treatment,
especially when utilizing PQM for reanimating a paralyzed face.

CONCLUSION

The combination of the pronator quadratus muscle with a radial forearm
flap presents a safe and feasible alternative for facial reanimation, espe-
cially for reanimating a paralyzed face. There are up to four radial artery
muscle perforators, each under 0.5 mm in diameter, that arise from the
radial artery at the origin of the PQM. These perforators ensure a consis-
tent blood supply to the PQM when elevated with a free radial forearm
flap, forming a chimeric flap.

Table 4. Anterior Interosseus Nerve and Its Landmarks in Correlation With the Lengths of the Radial and Ulnar Bones

Anterior interosseus nerve Mean (SD), mm

From the radial head 52(12)
From the olecranon 79(17)

Abbreviation: SD, standard deviation.
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Percentage of the total length of both bones (SD), %
23 (4)
31(5)
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