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Background: The accessory tendon of the extensor hallucis longus (ATEHL) muscle is a common abnormal structure, and its clini-
cal significance remains debatable. In this study, we provide the incidence of the ATEHL and characterize its morphological types in

Asian cadavers and investigate its clinical applications.

Methods: The tendons from 50 adult cadaveric feet, fixed in 10% formalin, were analyzed. \We measured the length and width of

both the ATEHL and the extensor hallucis brevis (EHB).

Results: All dissected specimens had an ATEHL. The first metatarsophalangeal joint was surrounded by an accessory tendon that
inserted onto the joint capsule and the dorsal base of the proximal phalanx. We classified the ATEHL into 3 types based on their

directions. Differences in ATEHL type based on sex were not statistically significant.

Conclusions: We found an ATEHL in all cadaveric specimens in this study. We surmise that the ATEHL acts as an antagonist with
the EHB when the toe is extending, which might help prevent the occurrence of hallux valgus deformity.
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The anatomy and function of the extensor hallucis longus
(EHL) muscle has been well described. The EHL devel-
ops from the deep surface of the primitive tendon plate
and may subdivide during embryonic development, giv-
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ing origin to an accessory tendon (AT)." Supernumerary
tendinous slips attached to the hallux proximal phalanx
or the first metatarsophalangeal (MTP) joint capsule ap-
pear in the majority of lower limb specimens."” However,
studies disagree on the incidence of ATs. Thus, we aimed
to determine the rate of occurrence of the AT of the EHL
(ATEHL) and classify it based on its morphology. Despite
the high frequency of the ATEHL, its clinical importance
is relatively minor, and its possible association with hallux
valgus (HV) deformity is disputed.*®

The relationship between the ATEHL and develop-
ment of HV deformity is still unclear. In an anatomical
study of 60 adult human cadavers, Al-Saggaf” found that
the ATEHL increased susceptibility to the development of
HV deformity secondary to an imbalance during exten-
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sion of the first MTP joint in the first toe. According to his
theory, the extension force of the ATEHL on the medial
side of the proximal phalanx of the first MTP joint may
play a role in countering the EHL at the distal aspect of the
distal phalanx, leading to HV deformity. However, this hy-
pothesis is not based on any biomechanical or functional
anatomical research on the ATEHL. On the contrary, we
believe that the ATEHL acts contrary to the axis of the
deformity force, and thus the AT might prevent the occur-
rence of HV deformity rather than reinforce it.

We hypothesized that a study of ATEHL structure
may provide preliminary data for novel treatments for
HV deformity. Therefore, we provide information on the
structure and function of the ATEHL and suggestions for
novel treatments for HV deformity.

METHODS

Materials

The Institutional Review Board of Yanbian University
reviewed and approved the study. Our study used 50 legs
from 25 Asian cadavers (mean age, 82.2 + 8 years; 10 feet
from women and 40 feet from men). All specimens had
been sterilized with alcohol and preserved in 10% forma-
lin and had no history of trauma or surgery. All individu-
als had donated their bodies to medical education and
research. Surgical instruments for dissection, surgical mi-
croinstruments, vernier calipers with 0.02 mm accuracy,
and a digital camera (5D MARK III; Canon, Tokyo, Japan)
were used.

Dissection

The skin, superficial fascia, deep fascia, and muscle above
the region of the EHL were removed in sequential order.
Then we harvested and dissected the tendon sheath of
the EHL and found the origin of the ATEHL on the main
tendon, followed by dissection of the EHL hood and iden-
tification of the ATEHL insertion. Next, we measured the
length and width of the ATEHL and extensor hallucis bre-
vis (EHB) at the proximal end of the first MTP joint.

Table 1. Length and Width of the EHB and ATEHL

Variable EHB ATEHL
Width (mm) 2.16 +0.06 1.43 £0.05*
Length (cm) 6.51+0.17 5.89+0.14*

Values are presented as mean + standard deviation.

EHB: extensor hallucis brevis, ATEHL: accessory tendon of the extensor
hallucis longus.

*p < 0.05, compared with the EHB.

Statistical Analysis

We performed statistical analyses using Prism 4.0 (Mi-
crosoft, Redmond, WA, USA). Data were analyzed with
t-tests, and the results are expressed in the form of mean
and standard deviation.

RESULTS

The length and width of the ATEHL and EHB (n = 50) are
shown in Table 1. The EHB was significantly wider and
longer than the ATEHL. Differences in the ATEHL based
on sex were not statistically significant (Table 2).

Morphological Observations

The ATEHL originated from the main tendon of the EHL
and ran along the medial side of the EHL. The AT sur-
rounded the first MTP joint, inserted onto the dorsal base
of the proximal phalanx, and had a tight junction with the
dorsal fibrous layer of the joint capsule. After dissection and
observation, we classified the ATEHLs into 3 types (Table
3). Type I (96%) had 1 AT along the medial side of the EHL
inserted into the dorsal base of the proximal phalanx. The
EHL inserted onto the hallux at the dorsal distal phalanx
surface (Fig. 1). In type II (2%), the AT also ran along the
medial side of the EHL and inserted onto the dorsal aspect
of the distal phalanx (Fig. 2). Type III (2%) had 2 ATs that
ran on the both medial and lateral sides of the EHL (Fig. 3).
The insertion of the medial AT was the same as the former
types, and the lateral AT inserted onto the EHB.

Table 2. Comparison of the Tendons of Feet between Male and
Female

Variable Male (n = 40) Female (n=10)
Length of the ATEHL (cm) 5.97+0.15 5.60+0.30
Width of the ATEHL (mm) 1.48 + 0.06 1.25+0.07
Length of EHB (cm) 6.52+0.20 6.47 +0.37
Width of EHB (mm) 2.25+0.07% 1.81+0.06

Values are presented as mean + standard deviation.

ATEHL: accessory tendon of the extensor hallucis longus, EHB: extensor
hallucis brevis.

*p < 0.05, compared with the width of EHB of female.

Table 3. Types of ATEHL and the Ratio of Each Type

Variable Type | Type Il Type Il
Number of cases 48 1 1
Per centum (%) 96 2 2

ATEHL: accessory tendon of the extensor hallucis longus.
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Fig. 1. Morphological structure of type | accessory tendon (AT) of the
extensor hallucis longus (EHL). The AT runs on the medial side of the
main tendon and inserts onto the dorsal base of the proximal aspect of the
proximal phalanx. A: extensor hallucis brevis, B: EHL, C: AT of the EHL.

Fig. 2. Morphological structure of type Il accessory tendon (AT) of the
extensor hallucis longus (EHL). The AT accompanies the main tendon until
the end of the distal phalanx. A: extensor hallucis brevis, B: EHL, C: AT of
the EHL.

DISCUSSION

Bardeen’s seminal study of human embryonic lower ex-
tremity development described the EHL tendon as gen-
erating from the deep surface of the primitive tendon
plate, which is variously subdivided during embryonic
development.” Several anatomic variations according to
its different directions and various attachments have been
described; the EHL tendon divides into 2 or 3 indepen-
dent slips and inserts separately. Moore described how
programmed cell death plays an important role during
development by influencing the separation of digital rays.”
Variability within these developmental processes may con-
tribute to anomalies in leg musculature such as ATs or the
duplication or complete absence of muscles.” The findings
of the present study show that the ATEHL can be classified
into 3 types according to its morphology.

The existence and attachment of the ATEHL has
been described in previous studies. In 1871, Macalister de-

Fig. 3. Morphological structure of type Il accessory tendon (AT) of the
extensor hallucis longus (EHL). Two ATs run on the medial side and lateral
side each. A: extensor hallucis brevis, B: EHL, C: AT of the EHL.

scribed the ATEHL, which was attached to the base of the
proximal phalanx.'” More recent studies have investigated
anatomical variation in AT attachments. Al-Saggaf® de-
scribed how the ATEHL attaches at the dorsal base of the
proximal phalanx of hallux and the first MTP joint cap-
sule. The findings of the present study are similar to those
findings in that the ATEHL either inserted onto the dorsal
base of the proximal phalanx of hallux and first MTP joint
capsule or combined with the EHL and inserted onto the
dorsal distal aspect of the distal phalanx and first MTP
joint capsule.

It has been implied that the ATEHL may be as-
sociated with HV deformity.” There are usually multiple
causes of HV deformity, including patient factors (e.g.,
genetic predisposition, wearing uncomfortable shoes, and
poor compliance with postoperative instructions) and
surgical factors (e.g., type of procedure and surgeon’s tech-
nical skills)."” The imbalance of the tension force between
the abductor and adductor muscles of the hallux is also an
important factor in the development of HV deformity.""

In the current study, we found most ATEHLs (96%)
were type I, running along the medial side of the EHL
tendon and inserting onto the dorsal base of the proximal
phalanx. When the ATEHL is in this position, it can exert
antagonistic effects on the EHB to maintain the normal
form of the hallux. Our hypothesis, therefore, was that the
ATEHL acts as an antagonist to the deformity force of the
EHB in a varus rather than valgus direction, and thus the
anatomy of the ATEHL might provide evidence for the
prevention and clinical treatment of HV deformity.

In addition, if the ATEHL bears prolonged pressure
on the medial side of the toe, produced by factors such as
wearing tight, narrow shoes or high heels, the insertion
side of AT will move laterally as a result. This will cause
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the force between the ATEHL and EHB to become imbal-
anced and put the big toe at risk for HV deformity. If the
external pressure is not relieved, the angle between the AT
and main tendon will continue to decrease, and the pull of
the AT and EHB will move laterally. When the hallux val-
gus angle between the first metatarsal and proximal pha-
lanx reaches 15° or greater, it is considered HV deformity.

We conclude that as the EHL, AT, and EHB all aid
in extending the first toe, their function needs to be dis-
cussed together, which is in accordance with the study by
Al-Saggaf.” Type I ATEHL specimens can be subdivided
into two groups. In one group, the AT and the fibers of
the EHB insert onto the middle of the dorsal base of the
proximal phalanx; with this structure, the tension of the
AT has no effect on the EHL. In the other group that has
a large percentage of cases, the AT inserts onto the medial
side of the base of the proximal phalanx; in this configura-
tion, the AT has antagonistic effects on the EHB. Based on
our results, we surmise that the position and morphology
of the ATEHL have a corrective effect on HV deformity;
we also conjecture that because in most cases the ATEHL
is of type I, it exerts an antagonistic effect on the EHB to
maintain the normal angle of the hallux.

In a previous study, Bayer et al.” concluded that the
function of the ATEHL is to provide preloading on the
joint capsule to prevent shock when the hallux is dorsi-
flexed. According to our study, this inference is rational.
The dorsal traction from the AT to the joint capsule can
lessen the shock to plantar structures when the first MTP
joint is dorsiflexed. Denk et al.” also regarded the distal
division of the EHL to be an adaptive change related to
bipedalism. Bibbo et al."¥ also hypothesized that the exis-
tence of the AT was an adaptive change for human beings
to be able to stand and walk as bipeds. They noted that
the AT is a structure unique to human beings that has not
been found in other quadrumana. During our dissections,
we observed that all of our specimens had an ATEHL.
Based on our study and the theoretical evidence from the
literature, we deduced a surgical treatment method in

ance between the ATEHL and EHB.

This study has several limitations. First, there was
no statistically significant association between sex and HV
deformity or the presence of an ATEHL; however, this
study only included 5 females (10 feet). Second, there was
only 1 type IT and 1 type III case identified during dissec-
tion, so we cannot draw conclusions on the meaning of
these types of ATEHL. Third, the present study was fo-
cused on the morphological characteristics of the ATEHL,
and no biomechanical functional investigation was per-
formed.
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