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Coexistence of two accessory flexor pollicis longus heads
or coexistence of two-headed flexor pollicis longus
with an unrecognized anatomical structure?
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Abstract

The flexor pollicis longus (FPL) is located in the anterior compartment of the forearm. It is morphologically variable in both
point of origin and insertion. An additional head of the FPL can lead to anterior interosseous syndrome. This report presents
a morphological variation of the FPL (additional head in proximal attachment and bifurcated tendinous insertion in distal
attachment) and an unrecognized structure that has not so far been described in the literature. This structure originates in
six heads (attached to the FPL or interosseous membrane) that merge together, and inserts on to the FPL. All the variations
noted have clinical significance, ranging from potential nerve compression to prevention of tendon rupture.

Keywords Flexor pollicis longus - Additional head - Unrecognized structure - Anterior interosseous syndrome - Evolution -

Interosseous membrane

Introduction

The deep muscle group in the anterior compartment of the
forearm comprises the flexor digitorum profundus (FDP),
flexor pollicis longus (FPL), and pronator quadratus (PQ)
[12]. The FPL is unipennate, its proximal attachment being
located on the anterior surface of the radius and the interos-
seous membrane. Its distal attachment is represented by a
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long tendinous slip coursing deep to the transverse carpal
ligament as an element of the carpal tunnel and inserting
on to the distal phalanx of the thumb [10]. This muscle is
innervated by the anterior interosseous nerve (AIN), which
provides motor innervation to all muscles in the deep ante-
rior forearm compartment; it is a branch of the median nerve
formed by medial and lateral cords from the C5—C8 nerve
roots [31]. The anterior interosseous artery (a branch of the
ulnar artery) supplies blood to the FPL [10].

The FPL is a primary flexor of the thumb, allowing for
flexion at the metacarpophalangeal and interphalangeal
joints. It also has minor responsibility for radial wrist devia-
tion (also known as radial flexion), which is the bending of
the wrist towards the thumb or radius side [14].

The FPL is very morphologically variable, and an addi-
tional head in the proximal attachment is particularly com-
mon. The results of one study showed that this additional
head was more often present (66.66%) than absent [9]. There
are also cases in which the FPL is fused with another mus-
cle, for example the flexor digitorum longus [17].

Although spontaneous intratendinous flexor tendon rup-
tures are common in the FDP, they also occur in the FPL,
though less frequently. The probable major causes of this
pathology are repetitive impact forces or an uninterrupted
load on the tendon, but the etiology has not yet been offi-
cially confirmed [13]. Another pathology can result from an
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additional FPL head: compression of the interosseous nerve,
which is located underneath this head. This can lead to an
entrapment neuropathy known as anterior interosseous nerve
syndrome (AIS) [3].

The present report describes a morphological variation
of the FPL. A distinctive feature in the proximal attachment
is an additional head originating on the medial epicondyle.
The distal attachment is divided into two tendons inserted on
to the distal phalanx of the thumb. The report also describes
an unrecognized structure originating in six heads attached
to the FPL or interosseous membrane and merging together,
and inserting on to the FPL. Both structures have consider-
able clinical significance. To our knowledge, this is the first
description of such a case.

Methods

Dissection began with removal of the skin from the area
of the forearm and hand it was performed by traditional
techniques [24-26]. These areas were exposed by the sub-
cutaneous tissue and the antebrachial fascia. The next step
included visualizing the FPL. The morphology, together
with the location of the origin and the insertion were evalu-
ated. Morphometric and anthropometric measurements of
the belly and tendon of the FPL muscle and unrecognized
structure were performed. An electronic digital caliper was
used for all measurements (Mitutoyo Corporation, Kawa-
saki-shi, Kanagawa, Japan). Each measurement was carried
out twice with an accuracy of up to 0.1 mm.

Case report

A 69-year-old female cadaver was subjected to routine ana-
tomical dissection for research and teaching purposes at the
Department of Anatomical Dissection and Donation, Medi-
cal University of Lodz, Poland. Traditional dissection of the
right upper limb [20-22, 24-26, 33, 34] revealed a morpho-
logical variant of the FPL and an unrecognized structure
(Figs. 1, 2, 3, 4). The next stage of the investigation involved
a detailed assessment of these two structures.

The origin consisted of two heads, one standard and one
additional. The proximal attachment of the standard head
was located on the anterior surface of the radius and the
interosseous membrane of the forearm. The muscular part
was 166.37 mm long. Then FPL passed into the tendinous
part, which ended in two tendons. In the myotendinous junc-
tion, the width was 5.87 mm and the thickness was 2.36 mm.
The length from this point to the point of division was
92.24 mm. At the point of separation the FPL was 7.10 mm
wide and 2.87 mm thick.
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Fig. 1 Total view of the right forearm. AHFPL, accessory head of the
flexor pollicis longus; FPL, flexor pollicis longus; ?, unrecognized
anatomical structure; tFPL, tendon of the flexor pollicis longus

Regarding the division of the distal attachment of
this muscle into two tendons, the first (more lateral) was
30.08 mm long and the second 30.42 mm. Both insertions
were located on the distal phalanx of the thumb in the pal-
mar surface of the hand.

The additional head was 95.72 mm long. It originated at
the medial epicondyle; here, the width was 7.24 mm and the
thickness was 2.33 mm. The insertion of the additional head
was attached to the upper part of the first head. At this point,
the width was 5.17 mm and the thickness 1.87 mm.

The proximal attachment of the unrecognized structure
comprised six small heads. The first (length 15.28 mm),
third (length 12.25 mm) and sixth (length 21.73 mm) were
connected to the FPL. The second (length 15.01 mm), fourth
(Iength 21.93 mm) and fifth (length 22.19 mm) originated
on the interosseous membrane of the forearm, medial to the
attachment of the FPL. All of these heads merged with each
other and created a single thin band 73.44 mm long. The
distal attachment of this unknown muscular structure was
also connected to the FPL, and at the point of connection, it
was 5.30 mm wide and 1.87 mm thick.

The muscle was measured with an electronic caliper
(Mitutoyo Corporation, Kawasaki-shi, Kanagawa, Japan).
Each measurement was repeated twice with an accuracy of
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Fig.2 Proximal zoom of the accessory head of the flexor pollicis lon-
gus. Anterior view of the right forearm. AHFPL, accessory head of
the flexor pollicis longus; ME, medial epicondyle

up to 0.1 mm. No other anatomical variations were identified
during the dissection.

The morphometric measurements of the FPL are given in
Table 1, and the morphometric measurements of the unrec-
ognized structure in Table 2.

Discussion

The first interesting thing is a possible cause of an occur-
rence such an additional structure. It may be associated with
both, process of evolution and ontogenesis. As an example,
we want to mention about case report described by Yura-
sakpong et al. [32], who recently reported an unknown
fibromuscular structure associated with a variant on the
dorsum of the hand. They believed it was a remnant of the
dorsometacarpales, a group of primitive extensors found in
mammalian ancestors. Maybe, in our case a cause is similar.
However, in the flexor compartment, there is no structure
which disappears in the course of ontogenesis. Moreover,
the FPL appeared only during human evolution. On the other
hand, it could be correlated with the progression of dexterity
and more precise hand movements, so maybe it is something
like an adaptive change. For that reasons, it is difficult to
define the confirmed cause of such a structure [7].

Fig.3 Distal zoom of the unrecognized anatomical structure. I, first
head of the unrecognized anatomical structure; 2, the second head of
the unrecognized anatomical structure; 3, the third head of the unrec-
ognized anatomical structure; 4, the fourth head of the unrecognized
anatomical structure; 5, the fifth head of the unrecognized anatomical
structure; 6, the sixth head of the unrecognized anatomical structure;
t, tendon of the unrecognized anatomical structure tFPL tendon if the
flexor pollicis longus muscle, the white circle indicates the insertion/
connection between the tendon of the unrecognized anatomical struc-
ture and tendon of the flexor pollicis longus

The morphological variants in the case presented were of
three sorts: associated with the proximal attachment of the
FPL, associated with the distal attachment of the FPL, and
occurrence of an unrecognized structure.

As mentioned above, the proximal attachment was repre-
sented by two heads, one of which was an additional head.
This variant is surprisingly common, though the available
literature shows large discrepancies in its reported frequency.
For example, Sembian et al. [29] found that the additional
head of the FPL (AHFPL) was present in 0.5% of upper
limbs, while Mangini [15] reported its prevalence as 73.68%.
This wide divergence of results is puzzling. One explana-
tion could be erroneous classification. The fusion between
the FPL, its additional head and the surrounding superficial
flexors could lead to misidentification in some studies and a
lower reported frequency.

These inaccuracies were the basis for a meta-analysis by
Roy et al. [28]. Their results showed that the pooled preva-
lence of the AHFPL in upper limbs was 44.2%. A very simi-
lar frequency (45%) was noted by Dellon and Mackinnon

@ Springer



766

Surgical and Radiologic Anatomy (2021) 43:763-769

Fig.4 a Cut out flexor pollicis longus with accessory head of the
flexor pollicis and the unrecognized anatomical structure. Ventral
view. AHFPL accessory head of the flexor pollicis longus; FPL flexor
pollicis longus muscle; / first head of the unrecognized anatomical
structure; 2 the second head of the unrecognized anatomical struc-
ture; 3 the third head of the unrecognized anatomical structure; 4
the fourth head of the unrecognized anatomical structure; 5 the fifth
head of the unrecognized anatomical structure; 6 the sixth head of
the unrecognized anatomical structure; the blue circle indicates con-
nection between unrecognized anatomical structure with the tendon
of the flexor pollicis longus; the white circle indicates the bifurcated
of the tendon of the flexor pollicis longus. b Cut out flexor pollicis

[6]. The reported incidence of an additional head was sig-
nificantly higher than average in some studies in this meta-
analysis; for example, 67% by Hemmady et al. [9] and 74%
by Mangini [15]. The meta-analysis results [28] also showed
that an additional head of the FPL in cadavers was mar-
ginally more common bilaterally (prevalence 52.1%) than
unilaterally (prevalence 47.9%). These statistics were con-
sistent with the findings of, for example, Caetano et al. [4],
Hemmady et al. [9], Mangini [15], Dellon and Mackinnon
[6], Oh et al. [19], and Al Quattan [1].

Roy et al. [28] also noticed that the AHFPL is more com-
mon among men (the frequency was 41.1%) than women
(24.1%). This could be closely related to the misclassifica-
tion mentioned above because all structures in upper female
limbs are smaller than those in males, so the AHFPL could
more readily elude identification [28].

It is worth mentioning that the case presented includes
an additional head of which the distal attachment is located
on the medial epicondyle. According to the meta-analysis
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longus with accessory head of the flexor pollicis and the unrecog-
nized anatomical structure. Dorsal view. AHFPL accessory head of
the flexor pollicis longus; FPL flexor pollicis longus muscle; / first
head of the unrecognized anatomical structure; 2 the second head of
the unrecognized anatomical structure; 3 the third head of the unrec-
ognized anatomical structure; 4 the fourth head of the unrecognized
anatomical structure; 5 the fifth head of the unrecognized anatomical
structure; 6 the sixth head of the unrecognized anatomical structure;
the blue circle indicates connection between unrecognized anatomi-
cal structure with the tendon of the flexor pollicis longus; the white
circle indicates the bifurcated of the tendon of the flexor pollicis lon-
gus

results [28], this is the most common type of AHFPL
(43.6%). There are also cases in which the additional head
is attached to the coronoid process of the ulna (25.8%).
Sometimes it has a dual origin on the medial epicondyle
and coronoid process (16.1%) [28].

The additional head has great clinical significance. It is
implicated in Anterior Interosseous Syndrome (AIS). When
the AIN courses underneath the additional muscle belly it
can be compressed, causing AIS [2]. This is analogous, for
example to an accessory subscapularis muscle potentially
causing quadrilateral space syndrome [33], or the tendency
of an additional head of the coracobrachialis muscle to com-
press the median and musculocutaneous nerves [27].

The AIN is provides motor innervation to the FPL, PQ,
and the radial half of the FDP. Patients with AIS usually
report dull pain in the forearm [2, 30]. A characteristic
symptom of this neuropathy is an inability to form an “O”
with the index finger and thumb because the FPL and FDP
are paralyzed. Flexion of the interphalangeal joint of the
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Table 1 Morphometric measurements of the FPL
Standard part of the FPL
Origin Anterior surface of the radius and interosseous membrane
Insertion Distal phalanx of the thumb (both insertions)
Length
Muscular part (mm) 166.37
Tendinous part (mm) 94.24 + 30.08 (first insertion) 90.24 + 30.42
(second inser-

Width
Myotendinous junction (mm) 5.87
Point of division of two insertions (mm) 7.10
Thickness
Myotendinous junction (mm) 2.36
Point of division of two insertions (mm) 2.87

tion)

Additional head of the FPL

Length 95.72 mm
Proximal attachment Distal attach-
ment
Place of attachment Medial epicondyle FPL
Width (mm) 7.24 5.17
Thickness (mm) 2.33 1.87
Table 2 Morphometric measurements of the unrecognized structure
Proximal attachment
Number of heads 1 II v v VI
Origin FPLM Interosseous mem- FPLM Interosseous mem- Interosseous mem- FPLM
brane brane brane
Length (mm) 15.28 15.01 12.25 21.93 22.19 21.73
Length of the common part 73.44
(mm)
Distal attachment
Insertion FPL
Width (mm) 5.30
Thickness (mm) 1.87

thumb and the distal interphalangeal joint of the index fin-
ger is also impaired. Carpal tunnel syndrome causes similar
symptoms, but it also causes numbness, paresthesia, and loss
of sensation, which help to differentiate it [5].

AIS is closely associated with an AHFLP, as confirmed
by Gunnal et al. [8]. They showed that in 90.21% of cases
the AIN was located posterior to the additional head, pre-
disposing to entrapment. Its location was anterior to the
AHFPL in only 9.78%. AIN compression can also be
called Kiloh—Nevin syndrome [11]. AIS can be complete
or incomplete. Complete AIS occurs when the whole nerve
is compressed by the accessory head and movements due to
the FPL, FDP (index and middle fingers), and PQ muscles

are impaired. Incomplete AIS occurs when only the medial
branch of the AIN (innervating the FPL) passes underneath
the additional belly [8].

The next part of our case is the morphological variation
of the distal attachment of the FPL. The tendinous insertion
was bifurcated. However, these two tendons had the same
point of attachment (distal phalanx of thumb). We hypoth-
esize that such an arrangement could have clinical signifi-
cance. Division of the tendinous part of the FPL can indicate
reduced strength but also the possibility of more complex
movements [34]. The mechanical properties of any tendon
will determine its tendency to strength. If material properties
are held constant, a short tendon with a large cross-sectional
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area will tend to be stiffer than a few thin tendons [16]. Evo-
lutionary analysis showed that the FPL only appeared during
human evolution and is present in modern humans [7]. It
can therefore be correlated with the progression of dexter-
ity and more precise hand movements in humans than in
previous evolutionary clades [34]. We hypothesize that the
occurrence of two tendinous insertions increases the range
of more precise movements.

The second advantage of this morphological variation is
protection against tears in all tendinous part during repetitive
movements or as a result of mechanical injury [13]. Flexor ten-
don lacerations are usually caused by injury by a knife, shard of
glass, or sharp metal [7]. The FPL is the only muscle responsi-
ble for flexing the thumb at the distal interphalangeal joint, so
when the tendinous parts are torn, this movement is abolished
[7]. In our case, the two-tendon distal attachment allows muscle
function to be maintained, though it is probably weakened. As
mentioned above, the FPL is also responsible for other move-
ments, but there it works synergistically with other muscles,
so if there are tears there is still movement, albeit possibly
weakened. Summing up these two paragraphs, the bifurcated
tendinous part of the FPL could reflect an evolutionary adapta-
tion that increases the range of more detailed movements and
protects against tears and their effects.

The last but not least part of our case report is the unrec-
ognized structure. Regarding its clinical significance, we con-
sidered two things: its potential function, and the possibility
of compression of other structures. The proximal attachment
of this structure comprised six distinct heads, three of which
were connected to the muscular part of the FPL and three to
the interosseous membrane of the forearm. We hypothesize
that the potential functions of this muscle entail a complex
mechanism. First, FPL tension could be transferred to this
unknown structure by the three heads attached to it, poten-
tially causing the additional organ to contract. Second, the
three heads attached to the interosseous membrane could
transfer shrinkage and contribute to tension of the interos-
seous membrane. This fibrous tissue provides stabilization
for the forearm [18], so this too is a potential function for
the unrecognized structure. The interosseous membrane is
located between the radius and ulna and protects against
excessive relative displacement of these two bones [18].
However, we think our additional structure is too small to
influence this significantly.

Its distal attachment was inserted into the tendinous part of
the FPL; this could also have functional implications. The force
of the FPL muscle’s contraction could possibly be distributed
over two muscles, the FPL and our unrecognized structure.
This force is then transferred via the additional organ to the
tendinous part of the FPL, and thus to the distal phalanx of
the thumb. Such a process could help to protect against FPL
fibrosis.

@ Springer

Additional structures typically compress nerves, arteries
or other muscles. For example, an accessory subscapularis
muscle can cause quadrilateral space syndrome [33]. A very
rare variant of the coracobrachialis longus muscle can entrap
the musculocutaneous, media, and ulnar nerves [23]. Compres-
sion is therefore another possible clinical significance of this
unknown structure to be considered. However, its placement
should not predispose to such a pathology.

In summary, the present case has clinical significance. Since
the morphological variations can be divided into three sorts, the
role of this unknown structure could be very diverse, ranging
from potential compression to prevention of tendon rupture. As
mentioned above, although the additional head of the FPL is a
frequent variant, the unknown structure described here has not
been reported in available literature.

Conclusion

The flexor pollicis longus is characterized by high morpho-
logical variability. Research into variability in this region
is essential for a proper understanding of the functioning
of the hand and forearm. Further studies are also needed to
understand the embryonic and evolutionary origin of this
unrecognized structure.

Acknowledgements The authors wish to express their gratitude to all
those who donated their bodies to medical science.

Authors’ contributions NZ (student)—assistant—project development,
data collection and management. R. Shane Tubbs (MD, PhD)—profes-
sor—data analysis and manuscript editing. BS (MSc)—assistant—data
analysis, manuscript editing. £O (D.P.T., PhD)—assistant professor—
project development, data collection and management, data analysis
and manuscript writing.

Funding There is no funding source.
Declaration

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors. The Local
Bioethics Commission gave consent for the study (Agreement no.
RNN/09/19/KE).

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will



Surgical and Radiologic Anatomy (2021) 43:763-769

769

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

14.

16.

17.

18.

19.

Al-Qattan MM (1996) Gantzer’s muscle: an anatomical study of the
accessory head of the flexor pollicis longus muscle. J Hand Surg.
https://doi.org/10.1016/S0266-7681(96)80114-8

Aljawder A, Faqi MK, Mohamed A, Alkhalifa F (2016) Anterior inter-
osseous nerve syndrome diagnosis and intraoperative findings: a case
report. Int J Surg Case Rep 21:44-47. https://doi.org/10.1016/j.ijscr
.2016.02.021

Ballesteros DR, Forero PL, Ballesteros LE (2019) Accessory head of the
flexor pollicis longus muscle: anatomical study and clinical signifi-
cance. Folia Morphol 78:394—400. https://doi.org/10.5603/FM.a2018
.0091

Caetano EB, Neto JJS, Vieira LA, Caetano MF, Moraes DV (2015)
Gantzer muscle An anatomical study. Acta Ortop Bras 23:72-75.
https://doi.org/10.1590/1413-78522015230200955

Chazerain P (1997) Carpal tunnel syndrome. La Rev du Prat 47:457-459
Dellon AL, Mackinnon SE (1987) Musculoaponeurotic variations along
the course of the median nerve in the proximal forearm. J Hand Surg
Am 12:359-363. https://doi.org/10.1016/0266-7681(87)90189-6
Diogo R, Siomava N, Gitton Y (2019) Development of human limb
muscles based on whole-mount immunostaining and the links
between ontogeny and evolution. Dev. https://doi.org/10.1242/
dev.180349

Gunnal SA, Siddiqui AU, Daimi SR, Farooqui MS, Wabale RN (2013)
A study on the accessory head of the flexor pollicis longus muscle
(Gantzer’s muscle). J Clin Diagnostic Res 7:418-421. https://doi.
org/10.7860/JCDR/2013/4545.2788

Hemmady MV, Subramanya AV, Mehta IM (1993) Occasional head of
flexor pollicis longus muscle: a study of its morphology and clinical
significance. J Postgrad Med 39:14-16

Khan IA, Varacallo M (2020) Anatomy, shoulder and upper limb,
hand extensor pollicis longus muscle. StatPearls 1-6

Kiloh LG, Nevin S (1952) Isolated neuritis of the anterior inter-
osseous nerve. Br Med J 1:850-851. https://doi.org/10.1136/
bmj.1.4763.850

Kistler JM, Ilyas AM, Thoder JJ (2018) Forearm compart-
ment syndrome. Hand Clin 34:53—-60. https://doi.org/10.1016/j.
hcl.2017.09.006

Lee YK, Lee M (2018) Spontaneous rupture of flexor pollicis
longus tendon by tendolipomatosis in proximal phalanx: a case
report. Med 97:1-8. https://doi.org/10.1097/MD.0000000000
012157

Leversedge FJ (2008) Anatomy and pathomechanics of the thumb.
Hand Clin 24:219-229. https://doi.org/10.1016/j.hcl.2008.03.010

. Mangini U (1960) Flexor pollicis lungus muscle. Its morphology

and clinical significance. J Bone Joint Surg Am 42A:467-470.
https://doi.org/10.2106/00004623-196042030-00010

Matson A, Konow N, Miller S, Konow PP, Roberts TJ (2012)
Tendon material properties vary and are interdependent among
turkey hindlimb muscles. J Exp Biol 215:3552-3558. https://doi.
org/10.1242/jeb.072728

Matsui T, Kinoshita M, Taguchi Y (1971) Tendinous fusion of the
flexor pollicis longus muscle and flexor digitorum longus muscle.
Seikei Geka 22:228-231

McGinley JC, Kozin SH (2001) Interosseous membrane anatomy
and functional mechanics. Clin Orthop Rel Res. 383:108-122
Oh CS, Chung IH, Koh KS (2000) Anatomical study of the accessory
head of the flexor pollicis longus and the anterior interosseous nerve
in Asians. Clin Anat 13:434-438. https://doi.org/10.1002/1098-
2353(2000)13:6%3c434::AID-CA7%3e3.0.CO;2-4

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Olewnik L (2019) Is there a relationship between the occurrence of
frenular ligaments and the type of fibularis longus tendon insertion?
Ann Anat 224:47-53. https://doi.org/10.1016/j.aanat.2019.03.002
Olewnik L, Karauda P, Gonera B, Kurtys K, Hatadaj R, Tubbs
RS, Paulsen F, Ramén Sanudo J, Polguj M (2020) Intramuscular
innervation of plantaris muscle evaluated using a modified Sihler’s
staining protocol — proposal for a new classification. Ann Anat-Anat
Anzeiger. https://doi.org/10.1016/j.aanat.2020.151504

Olewnik L, Kurtys K, Gonera B, Podgérski M, Sibiriski M, Polguj
M (2020) Proposal for a new classification of plantaris muscle origin
and its potential effect on the knee joint. Ann Anat-Anat Anzeiger.
https://doi.org/10.1016/j.aanat.2020.151506

Olewnik L, Paulsen F, Tubbs RS, Zielinska N, Szewczyk B, Karauda
P, Polguj M (2020) Potential compression of the musculocutaneous,
median and ulnar nerves by a very rare variant of the coracobrachia-
lis longus muscle. Folia Morphol. https://doi.org/10.5603/fm.a2020
.0085

Olewnik L, Podgorski M, Polguj M, Wysiadecki G, Topol M (2018)
Anatomical variations of the pronator teres muscle in a Central Euro-
pean population and its clinical significance. Anat Sci Int 93:299-
306. https://doi.org/10.1007/s12565-017-0413-y

Olewnik £, Wasniewska A, Polguj M, Podgérski M, Labgtowicz P,
Ruzik K, Topol M (2018) Morphological variability of the palmaris
longus muscle in human fetuses. Surg Radiol Anat 40:1283-1291.
https://doi.org/10.1007/s00276-018-2069-2

Olewnik L, Wysiadecki G, Polguj M, Podgdrski M, Jezierski H,
Topol M (2017) Anatomical variations of the palmaris longus mus-
cle including its relation to the median nerve-a proposal for a new
classification. BMC Musculoskelet Disord 18:1-9. https://doi.
org/10.1186/s12891-017-1901-x

Olewnik £, Zielinska N, Karauda P, Duparc F, Georgiev G (2020)
Polguj M The co-occurrence of a four headed coracobrachialis
muscke, split coracoid process and tunnel for the median and mus-
culocutaneous nerve: the potential clinical relevance of a very
rare variation. Surg Radiol Anat. https://doi.org/10.1007/s0027
6-020-02589-x

Roy J, Henry BM, Pekala PA, Vikse J, Ramakrishnan PK, Walo-
cha JA, Tomaszewski KA (2015) The prevalence and anatomi-
cal characteristics of the accessory head of the flexor pollicis
longus muscle: A meta-analysis. Peer] 2015:1-17. https://doi.
org/10.7717/peerj.1255

Sembian T, Srimathi M, Muhil (2020) A study of the accessory
muscles in the flexor compartment of the forearm. 2020:1-2
Spinner RJ, Amadio PC (2003) Compressive neuropathies of
the upper extremity. Clin Plast Surg 30:155-173. https://doi.
org/10.1016/S0094-1298(02)00103-7

Wertheimer A, Kiel J (2018) Anatomy, shoulder and upper limb,
forearm anterior interosseous nerve. StatPearls 96:4—7
Yurasakpong L, Diogo R, Chaiyamoon A, Meemon K, Suwan-
nakhan A (2020) Extensor indicis radialis and extensor medii
proprius associated with an unknown fibromuscular slip: a
case report. SN Compr Clin Med 2:2456-2459. https://doi.
org/10.1007/342399-020-00545-0

Zielinska N, Olewnik £, Tubbs RS (2020) A very rare case of
an accessory subscapularis muscle and its potential clinical sig-
nificance. Surg Radiol Anat. https://doi.org/10.1007/s00276-020-
02531-6

Zielinska N, Tubbs RS, Podgérski M, Karauda P, Polguj M,
Olewnik L (2020) The subscapularis tendon: a proposed classifi-
cation system. Ann Anat-Anat Anzeiger. https://doi.org/10.1016/].
aanat.2020.151615

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0266-7681(96)80114-8
https://doi.org/10.1016/j.ijscr.2016.02.021
https://doi.org/10.1016/j.ijscr.2016.02.021
https://doi.org/10.5603/FM.a2018.0091
https://doi.org/10.5603/FM.a2018.0091
https://doi.org/10.1590/1413-78522015230200955
https://doi.org/10.1016/0266-7681(87)90189-6
https://doi.org/10.1242/dev.180349
https://doi.org/10.1242/dev.180349
https://doi.org/10.7860/JCDR/2013/4545.2788
https://doi.org/10.7860/JCDR/2013/4545.2788
https://doi.org/10.1136/bmj.1.4763.850
https://doi.org/10.1136/bmj.1.4763.850
https://doi.org/10.1016/j.hcl.2017.09.006
https://doi.org/10.1016/j.hcl.2017.09.006
https://doi.org/10.1097/MD.0000000000012157
https://doi.org/10.1097/MD.0000000000012157
https://doi.org/10.1016/j.hcl.2008.03.010
https://doi.org/10.2106/00004623-196042030-00010
https://doi.org/10.1242/jeb.072728
https://doi.org/10.1242/jeb.072728
https://doi.org/10.1002/1098-2353(2000)13:6%3c434::AID-CA7%3e3.0.CO;2-4
https://doi.org/10.1002/1098-2353(2000)13:6%3c434::AID-CA7%3e3.0.CO;2-4
https://doi.org/10.1016/j.aanat.2019.03.002
https://doi.org/10.1016/j.aanat.2020.151504
https://doi.org/10.1016/j.aanat.2020.151506
https://doi.org/10.5603/fm.a2020.0085
https://doi.org/10.5603/fm.a2020.0085
https://doi.org/10.1007/s12565-017-0413-y
https://doi.org/10.1007/s00276-018-2069-2
https://doi.org/10.1186/s12891-017-1901-x
https://doi.org/10.1186/s12891-017-1901-x
https://doi.org/10.1007/s00276-020-02589-x
https://doi.org/10.1007/s00276-020-02589-x
https://doi.org/10.7717/peerj.1255
https://doi.org/10.7717/peerj.1255
https://doi.org/10.1016/S0094-1298(02)00103-7
https://doi.org/10.1016/S0094-1298(02)00103-7
https://doi.org/10.1007/s42399-020-00545-0
https://doi.org/10.1007/s42399-020-00545-0
https://doi.org/10.1007/s00276-020-02531-6
https://doi.org/10.1007/s00276-020-02531-6
https://doi.org/10.1016/j.aanat.2020.151615
https://doi.org/10.1016/j.aanat.2020.151615

	Coexistence of two accessory flexor pollicis longus heads or coexistence of two-headed flexor pollicis longus with an unrecognized anatomical structure?
	Abstract
	Introduction
	Methods
	Case report
	Discussion
	Conclusion

	Acknowledgements 
	References




