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Abstract

Background/Objectives: The abductor pollicis longus (APL) muscle exhibits a high de-
gree of anatomical variation, particularly in the number and configuration of its tendons.
Understanding these variants is crucial in surgical contexts, especially for tendon trans-
fer and reconstruction procedures. This study aimed to determine the prevalence and
morphometric characteristics of the accessory abductor pollicis longus (AAPL) muscle
in a Bolivian cadaveric population. Methods: A descriptive, cross-sectional study was
performed on 16 forearms from eight adult cadavers (six males and two females) preserved
in 10% formalin. Cadaveric dissection was conducted following the AQUA guidelines,
with measurements obtained for the AAPL proximal tendon length (PTL), distal tendon
length (DTL), muscle length (ML), and transverse muscle length (TML) using a digital
caliper. Statistical analysis was carried out using SPSS v26. Results: The AAPL muscle
was present in 50% of forearms. Most were unilateral, with one bilateral case. The muscle
exhibited a fusiform shape, with fibers aligned longitudinally. Morphometric analysis
revealed a mean PTL of 1.20 ± 0.08 cm, DTL of 3.91 ± 0.52 cm, ML of 5.30 ± 0.45 cm,
and TML of 0.55 ± 0.056 cm. One case (6.25%) exhibited a multicaudal APL with an
additional tendon measuring 6.23 cm. No significant correlations were found between
muscle and tendon measurements. Conclusions: AAPL muscles are relatively common
and demonstrate notable morphometric variation. While the proximal tendon may be
inadequate for grafting due to its short length, the distal tendon offers a viable alternative
for reconstructive procedures. Recognition of such variants is clinically relevant, as they
may contribute to pathologies like De Quervain’s tenosynovitis or serve as graft sources in
surgical interventions.

Keywords: morphometry; anatomy; anatomical variation; forearm; muscle; abductor
pollicis longus
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1. Introduction
The abductor pollicis longus (APL) is part of the deep layer of the extensor compart-

ment of the forearm, originating distal to the anconeus, on the posterior surface of the ulna
diaphysis, in the interosseous membrane, and the middle third of the posterior surface
of the radius. The muscle then descends, becoming superficial in the distal third of the
forearm, to insert into the lateral face of the first metacarpal and the trapezium bone [1].

Commonly, APL is used for forming tendinous interconnections in surgical procedures,
such as resection-suspension arthroplasty in rhizarthrosis [2–4]. Although the flexor carpi
radialis is also involved in this surgical procedure, the APL is preferred, since the kinematics
of the carpus are less altered with it [5,6], thanks to the variability it presents in its number
of tendons. However, studies have shown that the use of APL in this type of procedure
generates a reduction in several parameters associated with its functionality [7].

In this context, understanding the anatomical variants of this muscle is essential, as
they may provide a valuable source of graft material, particularly for suspension arthro-
plasty following trapeziectomy in rhizarthrosis and for tendon reconstruction. Thus, the
objective of this study was to identify the prevalence and morphometric characteristics of
accessory abductor pollicis longus (AAPL) in cadaveric samples.

2. Materials and Methods
A descriptive, quantitative, non-experimental, cross-sectional study was conducted,

based on the analysis of cadaveric specimens. The methodological planning of this research
followed the Anatomical Quality Assurance (AQUA) checklist: guidelines for reporting
original anatomical studies [8].

We dissected a total of 16 forearms (eight left and eight right), corresponding to
eight adult cadavers (six males and two females) from the cadaveric donation program
of Universidad del Valle, La Paz Campus. This donation program complies with both
the Declaration of Helsinki and national legal and ethical requirements. We performed
the dissection procedure between April 2024 and February 2025. The cadavers had been
previously preserved in a 10% formaldehyde solution. We included only forearms that
showed no signs of injury or previous surgeries that could affect the area of interest in
the analysis.

2.1. Cadaveric Dissection

We dissected the posterior compartment of the forearm and wrist, as well as the
dorsum of the hand, in the cadaveric specimens. First, we made a skin incision and
reflected the skin along with the subcutaneous tissue and superficial fascia to expose the
muscles of the superficial layer. These structures were carefully separated to access the deep
layer, where we examined the AAPL, including its presence, shape, origin, and insertion.

2.2. Morphometric Analysis

We performed the following morphometric measurements on each AAPL: (1) Proximal
tendon length (PTL), defined as the distance from the point of tendon origin to the proximal
myotendinous junction; (2) Distal tendon length (DTL), defined as the distance from
the distal myotendinous junction to the final tendon insertion point; (3) Muscle length
(ML): distance between the proximal and distal myotendinous junctions, following the
longitudinal course of the muscle belly; (4) Transverse muscle length (TML): maximum
length of the muscle belly, measured perpendicular to the longitudinal axis, at its midpoint
(Figure 1). Each measurement was performed three times by the same researcher, using a
TOTAL TMT321501 digital caliper (TOTAL TOOLS CO., PTE. LTD., Stgo, Chile ) with an
accuracy of 0.01 mm.
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Figure 1. Different morphometric measurements made to the accessory abductor pollicis longus,
proximal tendon length (PTL), muscle length (ML), transverse muscle length (TML), and distal tendon
length (DTL).

2.3. Statistical Analysis

The results were recorded in a database generated in Microsoft Excel 2019 software
(Microsoft, Redmond, WA, USA) and analyzed in the SPSS statistical software, version
26 (IBM Corp., Armonk, NY, USA). Measurements were expressed as the mean (standard
deviation, SD) or median, depending on the data distribution. Categorical variables appear
as absolute values (n) and percentages (%).

The normality of the data obtained for each variable was evaluated using the
Kolmogorov–Smirnov test. Subsequently, the differences between PTL and DTL were
analyzed using Student’s t-test or the Mann–Whitney U test. Pearson’s or Spearman’s
correlation tests were applied, depending on the data distribution, to evaluate the associ-
ations of ML and TML with the other morphometric parameters (PTL and DTL), with a
significance level of α = 0.05.

3. Results
The AAPL muscle was present in 50% (n = 8) of the forearms analyzed (six males and

two females), of which six cases were unilateral (two left and four right) and one bilateral.
In all cases, the AAPL exhibited the characteristics of a fusiform muscle, with a wider
muscle belly that narrowed toward its ends. Furthermore, its muscle fibers ran parallel to
the muscle’s longitudinal axis.

In the observed cases, the AAPL originated as an independent structure on the poste-
rior surface of the radius and ulna, at the level of the middle third of the forearm (Figure 2).
Its point of origin was situated above the origin site of the APL, characterized by its con-
sistent and distinct arrangement relative to the nearby muscular structures. Regarding its
insertion, it was situated at the base of the first metacarpal, lateral to the APL tendon. On
the other hand, a multicaudal APL was identified in a single case (6.25%), corresponding
to the left forearm of a male individual (Figure 3). The supernumerary tendon originated
from the lateral margin of the muscle belly and inserted adjacent to the principal tendon, at
the base of the first metacarpal.
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Figure 2. The accessory abductor pollicis longus (APL) as an independent structure, adjacent to the
APL muscle.

 

Figure 3. Multicaudal abductor pollicis longus (APL), adjacent to the extensor pollicis brevis (EPB),
with a supernumerary tendon emerging from its lateral margin.
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Regarding morphometric parameters, significant differences were found between PTL
and DTL (p < 0.001), with DTL being greater. Similarly, the ML, with a mean of 5.30 ± 0.45,
was superior to the TML, whose mean was 0.55 ± 0.056, supporting the classification of
the muscle as long. Regarding correlations, the analysis showed no significant association
between ML and the evaluated morphometric parameters, including PTL, DTL, and TML
(p > 0.05). Likewise, no correlation emerged between TML and the PTL and DTL parameters
(p > 0.05). All measurement data appear in Table 1. Regarding the multicaudal APL, the
only measurement recorded was the length of the supernumerary tendon, which had a
DTL of 6.23 cm.

Table 1. Morphometric parameters of the accessory abductor pollicis longus.

Parameter Minimum–Maximum (cm) Mean ± SD (cm)

PTL 0.68–1.41 1.20 ± 0.080

DTL 2.33–6.95 3.91 ± 0.52

ML 2.78–7.28 5.3 ± 0.45

TML 0.33–0.78 0.55 ± 0.056
PTL: proximal tendon length; DTL: distal tendon length; ML: muscle length; TML: transverse muscle length; SD:
standard deviation.

4. Discussion
Several studies have reported variations in the APL and its prevalence (Table 2), which

include descriptions of a digastric APL [9], biceps [10], and multicaudal [10,11]. However,
reports on the AAPL muscle remain scarce in the literature. Most available descriptions
are limited to case reports involving individuals of Indian [12] and British [13] origin, in
which the AAPL has been described as having a distinct origin, muscle belly, and insertion,
independent of the principal APL muscle. These observations are consistent with our
findings, as the AAPL originated superior to the origin of the main APL and was inserted
lateral to its tendon. The anatomical and prevalence differences among these muscle
variations are likely due to developmental alterations occurring during the embryonic
stage. Although the formation of the upper limbs is regulated by the expression of Pax3,
MyoD, Myf5, and MET [14], it has been shown that mutations in TBX5, specifically in the
muscular connective tissue, cause modifications in the cleavage of the muscle bundles [15].
This process directly affects the APL, since at Carnegie stage 19 (CS19), the APL and the
extensor pollicis brevis form a single muscle bundle located in the dorsal zeugopod of
the upper limb. According to Wilde et al. [16], the division of this bundle begins at stage
CS20, following a distal to proximal direction and with an ulnar orientation, until forming
two differentiated muscle bundles at CS23. Consequently, alterations in TBX5 could lead
to different muscle bundle segmentation patterns, such as the absence of segmentation
resulting in a digastric APL, a partial segmentation resulting in a biceps APL, or as observed
in our study, a muscle branching forming a multicaudal APL, as well as a supplementary
segmentation forming an AAPL. Furthermore, Deshmukh et al. [17] suggested that these
variations may also reflect persistent embryological insertion patterns, specifically toward
the metacarpal, trapezium, and thenar muscles, regulated by molecular signals such as
BMP4, WNT, and SHH.
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Table 2. Frequency and types of APL variants.

Authors Population Morphological
Classification of APL Prevalence (%) Specimens

Analyzed (%)

Fabrizio & Clemente [9] North American Digastric 30 50

Karauda et al. [10] Polish Biceps
Multicaudal

24
50 50

Prameela et al. [11] Indian Multicaudal 80.90 115

Perruisseau-Carrier et al. [18] French Biceps 73 11

This study Bolivian Accessory muscle
Multicaudal

43.75
6.25 16

APL: abductor pollicis longus.

Anatomical variants of APL, such as the biceps and multicaudal morphotypes, charac-
terized by the presence of multiple tendons, have been considered as risk factors for the
development of trapeziometacarpal osteoarthritis [19], intersection syndrome [20], and De
Quervain’s tenosynovitis [12]. In this context, we propose that the presence of an AAPL
may contribute to the development of these pathologies. The additional distal tendon
could increase the structural complexity of the first extensor compartment, disrupt normal
biomechanics, promote friction between tendon structures, and lead to functional overload.
Recent anatomical studies have confirmed that the APL muscle exhibits a high degree
of morphological variability, particularly in the number and distribution of its tendons.
Marí-Gorreto et al. [21] found that 96.67% of upper limb specimens presented multiple
tendinous slips, most commonly inserting into the abductor pollicis brevis, trapezium, or
opponens pollicis muscles. Similarly, Sheth et al. [22] reported that 90% of dissected APLs
had multiple tendons, ranging from two to seven, with the base of the first metacarpal as
the most consistent insertion site, followed by slips to thenar muscles and fascia. Desh-
mukh et al. [17] supported these findings by identifying between one and five tendons per
APL, with 93% inserting into the first metacarpal base and 7% into the trapezium. These
considerations underscore the importance of detailed knowledge of such variations during
clinical assessment, particularly in the affected populations.

The distal APL tendon, according to Rosas et al. [23], in the absence of the palmaris
longus muscle, is used for tendon reconstruction. In addition, other surgical procedures in
the hand are considered, such as suspension arthroplasty by resection in rhizarthrosis [2–4].
However, its use compromises several functional parameters, reducing the range of motion
of the thumb, thumb opposition, tip pinch strength, palmar pinch strength, and lateral
pinch strength [7]. In this context, although the presence of the AAPL could constitute a risk
factor for the development of various pathologies, it could also be considered an anatomical
variant of clinical utility, since being an accessory muscle that fulfills the same function
as the APL, the use of its tendons for tendon reconstruction or other surgical procedures
would not affect the kinematics of the thumb to a greater extent. Additionally, its effects
could be further reduced when the tendon bands used are from the medial portion of the
tendon, thus minimizing the impact on thumb abduction and stability.

While tendon position is a relevant factor in planning surgical interventions, surgeons
must also evaluate other parameters, such as tendon length and muscle belly dimensions.
The required minimum length for reconstructive procedures varies according to the tendon
selected and the specific demands of the surgical technique. However, a minimum length
of 1.5 cm is generally sufficient to achieve adequate graft consolidation and fixation [24].
Thus, the proximal tendon of the AAPL would not be considered a viable option for
reconstructive procedures, given that its length of 1.40 cm, with a mean of 1.20 ± 0.080 cm,
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does not reach the reference values. In contrast, the distal tendon, with a maximum length
of 6.95 cm and a mean of 3.91 ± 0.52 cm, clearly exceeds this threshold, making it the
most suitable option compared to the proximal tendon. Others morphometric analyses
revealed that tendons inserting on the first metacarpal tend to be longer, whereas medial
slips or those originating from supernumerary muscles are significantly narrower [21]. The
AAPL tendons described by Deshmukh et al. [17] had a comparable length but reduced
thickness and width, which may limit their mechanical contribution but enhance their
utility as graft material. Bilateral asymmetry in the number and dimensions of tendons was
noted by both Sheth et al. [22] and Deshmukh et al. [17], highlighting the importance of
individualized anatomical assessment. In surgical contexts, accessory tendons have proven
valuable in reconstructive procedures, including trapeziometacarpal arthroplasty, given
their favorable orientation and sufficient length [21,22]. In surgical contexts, accessory
tendons have proven valuable in reconstructive procedures, such as trapeziometacarpal
arthroplasty, due to their favorable orientation and sufficient length [21,22]. They have also
been applied as grafts in the reconstruction of chronic extensor pollicis longus ruptures,
with the morphometric characteristics of the distal AAPL tendon supporting its suitability
as an optimal option. At two-year follow-up, patients undergoing this procedure showed
significant functional improvement and high satisfaction [25], supporting its potential as
a viable long-term anatomical alternative. Furthermore, high-resolution ultrasound can
detect these anatomical variants with great accuracy, supporting their incorporation into
preoperative planning. However, we did not find studies providing evidence on other
properties, such as tensile strength. Therefore, further research is needed to determine the
maximum load, deformation, and elastic modulus of this tendon.

Regarding the dimensions of the muscle belly, Gulati et al. [26] reported that the APL
has an ML of 15.37 cm, a value higher than that observed in the present study for the AAPL.
In the case of the TML, no previous references were found that would allow contrasting
the obtained mean of 0.55 ± 0.056 cm. These findings support the proposal that surgical
procedures should be performed preferentially on the tendons of the AAPL, given that, as
a smaller muscle, its participation in abduction, extension, and stabilization movements of
the thumb would be limited compared to the principal APL.

Understanding the relationships among the morphometric characteristics of the AAPL
is essential for evaluating its functional viability in surgical procedures, such as tendon
transfers, and for predicting its biomechanical impact on thumb movements. Since no
significant correlations were found between the variables PTL, DTL, ML and TML, the
evaluation of these characteristics should be performed independently, either using com-
puted tomography or more accessible tools, such as ultrasound, which provide valuable
information for clinical diagnosis, thus contributing to risk reduction and more effective
surgical planning [27,28].

5. Conclusions
The AAPL muscle was present in 50% of the analyzed forearms, exhibiting notable

morphometric variability and diverse anatomical configurations, including one case of a
multicaudal variant. These findings reinforce the concept that APL morphological varia-
tions are common and may originate from developmental alterations during embryogenesis.
Specifically, variations such as the presence of an accessory or multicaudal APL could be
explained by differential expression or mutation of regulatory genes like TBX5 or persistent
embryological insertion patterns mediated by BMP4, WNT, and SHH signaling pathways.

Clinically, these anatomical variants are highly relevant. The presence of additional
tendons may increase compartmental complexity, contributing to conditions such as De
Quervain’s tenosynovitis. At the same time, accessory tendons may serve as valuable
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graft material in reconstructive surgeries, particularly when the palmaris longus is absent.
However, due to the short PTL, it is not suitable for grafting purposes. In contrast, the
distal tendon of the AAPL exceeds the minimal length required for grafting and may offer
a viable alternative without significantly compromising thumb function.

These results highlight the importance of thorough anatomical assessments, ideally
using imaging tools such as ultrasonography, in both diagnostic and preoperative planning.
Understanding the frequency, morphology, and clinical implications of APL variations
enhances surgical outcomes and reduces the risk of iatrogenic complications. Future
studies with larger and more diverse samples will be essential to confirm the prevalence
and morphometric variability observed in our population.
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