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Abstract: Background: The flexor digitorum brevis tendon to the fifth digit is frequently absent, and
this absence is typically an incidental discovery during dissection or surgical studies. This study
aimed to assess the frequency of a missing flexor digitorum brevis tendon in a Hispanic population
for the first time, the association between the absence of the flexor digitorum brevis tendon, variables
such as sex and ethnicity, and the functional implications of an absent tendon. Methods: Our sample
consists of 30 cadavers whose feet were dissected and examined for the presence or absence of the
digiti minimi tendon. Results: We found no significant relationship between the presence or absence
of the tendon to sex or ethnicity. However, due to a lack of significant effects on human ambulation
from the absence of this tendon, and the ability of adjacent muscles to adapt to its absence, the
absence of this tendon might become increasingly prevalent over time. Conclusions: Knowledge of
the frequency of flexor digitorum brevis variations concerning the demographic characteristics of
patients would be of clinical importance for tendon repair, tendon transfer to correct deformities such
as claw toe or hammer toe, or soft tissue reconstruction in foot surgery.
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1. Introduction

Variations in the ankle and foot muscles are well-known [1-5]. The flexor digitorum
brevis (FDB) belongs to the superficial layer of muscles of the plantar surface of the foot and
serves to flex digits II-V at the proximal interphalangeal joint (Figure 1). The FDB tendons
are typically inserted on the sides of the lateral four digits middle phalanx [1]. They are
potentially clinically significant as the flexor tendons are often used for tendon transfers to
correct deformities such as hammer toe [6]. Paralysis of the FDB results in distortion of the
foot’s arch [7].

Clinical and cadaveric studies reported the incidence of the absence of the FDB’s of one
of its tendons of 72% [6] and 74% [8], respectively. Nathan and Gloobe reported that in 23%
of their cases, a part of muscle and tendon inserting the fifth toe was absent, and in 3% of
cases inserting in the fourth and fifth toe was absent [9]. Standard descriptions mention that
the tendon to the fifth digit is often degenerated or lacking [1,9-12]. In addition, Bergmann
established that the FDB muscle sometimes has a small fifth tendon which replaces the
missing flexor digitorum brevis tendon to the fifth toe [1]. Other reports also indicate that
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anatomical variations often accompany an absent FDB tendon and are sometimes replaced
or compensated by other muscles. For instance, studies found that the missing tendon was
replaced by an extra muscle originating from the calcaneal tuberosity with connections
extending to the tendinous plate of the flexor digitorum longus and the quadratus plantae
in a 75-year-old male cadaver [13].
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Figure 1. llustration showing the anatomy of plantar muscles; the flexor digitorum brevis muscle
(FDB); the tendon of the flexor hallucis longus (FHL) of the left (L) and right (R) feet.

Previous studies have shown that, although there are no significant differences in
peak pressure or contact time during walking in males and females, the contact area of the
foot in males is consistently larger [14]. This foot surface area distinction may suggest a
difference in the underlying anatomy of the foot in males and females, which may extend
to the presence or absence of flexor tendons. Retrospective studies reported the absence of
one of the tendons of the FDB as a common occurrence [1,6,8-11].

From a clinical perspective, the anatomical variations of FDB reinforce the need to
understand anatomical diversity to develop appropriate surgical approaches and diagnostic
tools. Awareness of muscle attachments of the foot will assist in biomechanical modeling
of the foot and surgical procedures, such as tendon transfer, reconstruction of the heel pad,
and correction of claw and hammer toe deformity [6,12].

Despite its significance, there is a gap in knowledge regarding variations of the FDB
muscle in the Puerto Rican population compared to Caucasians and African Americans.
Therefore, the present study assesses the frequency of a missing flexor digitorum brevis
tendon to the fifth digit from a functional standpoint, focusing on its presence or absence
in different populations by ancestry and sex.

2. Materials and Methods
2.1. Data Acquisition

The present study examined 30 embalmed cadavers at the Universidad Central del
Caribe School of Medicine and School of Health and Allied Sciences, the Ponce Health
Sciences University, and the Texas Woman’s University’s School of Physical Therapy.
Specimens were obtained from the Anatomical Donations Boards at the University of
Puerto Rico School of Medicine and the Texas Woman’s University School of Physical
Therapy. Fourteen males and sixteen females were included. Specimens were preserved
using 10% formalin. Clinical history, family history, and cause of death are not available.

2.2. Plantar Aspect of the Foot Dissection

The feet were dissected by a medial and plantar incision, removing the plantar skin.
Next, the tarsal tunnel was dissected, and all anatomical structures were identified. The
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plantar aponeurosis was carefully dissected from the flexor digitorum brevis (FDB) and
reflected proximally. Afterward, the FDB and flexor hallucis brevis (FHB) were dissected
and reflected proximally. Next, separating the FDB from other structures and separate
tendons of the FDB was performed via blunt dissection to keep structures intact. We then
assessed the presence or absence (Figure 2) of the flexor digitorum brevis tendon to the
fifth digit.
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Figure 2. (A) Dissection showing the muscle belly of the flexor digitorum brevis (FDB) of the left (L)
and right (R) feet (1); tendon to second phalanx (2); tendon to third phalanx (3); tendon to fourth
phalanx (4); fourth tendon from flexor digitorum longus (5). (B) Illustration showing the variation
encountered during dissection of left and right feet, the bilateral absence of the fourth tendon of the
flexor digitorum brevis (FDB); the tendon of the flexor hallucis longus (FHL); the missing fourth
tendon from FDB on the left (4L) and right (4R).

2.3. Statistical Analysis

We used a contingency table to analyze relationships among variables. The variables
used were seX, side of the body, ethnicity, and presence or absence of the tendon to the fifth
digit. We performed a Chi-square test to assess the significance of associations between
variables. Still, when our expected results were less than five in the contingency tables,
we also conducted a Fisher’s exact test. The graphs were designed using GraphPad
Prism version 9.0 (GraphPad Software, San Diego, CA, USA). The results were considered
statistically significant when p < 0.05.
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2.4. Ethical and Bioethical Principles

This research was performed following the regulations provided by donor programs
and institutions in compliance with the laws and ethical standards in the country where
the research was conducted. The donors’ identifiers, family histories, clinical histories, and
death certificates were unavailable for the participating medical institutions. The results
provided were used solely for scientific purposes.

3. Results
3.1. Descriptive Statistics

We identified the presence or absence of the FDB muscle tendon to the digiti minimi.
Eight of 30 individuals in our sample (26.7%) were missing the FDB fourth tendon to the
fifth digit. In comparison, 22 of 30 individuals (73.3%) had the standard configuration.
Of individuals with the variation present, 2 (25%) had a unilateral variation, and 6 (75%)
had a bilateral variation. When analyzing the sex of those subjects with the variation,
3 (37.5%) were males, and 5 (62.5%) were female (Figure 3A). Regarding ancestry, 8 (100%)
individuals with the variation were Puerto Ricans. Neither White Americans nor African
Americans had the variation.
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Figure 3. Variables used to evaluate the frequency of FDB variation (A) frequency of male and female
subjects with the variation; (B) presence or absence of the variation by the subject’s sex; (C) type of
variation by subject’s sex; (D) presence or absence of variation by ethnicity.

3.2. Association between Sex, Ancestry, and Presence or Absence of the FDB Fourth Tendon

There is no association between the presence or absence of the variation by sex
(Figure 3B) (X2 = 0.0373, p > 0.05). We also evaluated the association of sex to the type of
variation specifically (Figure 3C). As before, the results indicated no significant difference
between males and females and the type of variation they present (X2 = 2.61, p > 0.05).
We found no association between the presence of the variation and ancestry (Figure 3D)
(X2 =4.47,p > 0.05). Therefore, based on the results, a person’s ancestry is not related to
the presence or absence of the variation.

4. Discussion

Our study aimed to determine the occurrence of variations of the FDB muscle in
the Hispanic population, whether variables such as sex and ancestry were associated
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with the absence of the FDB’s fourth tendon, and the clinical implications related to this
anatomical variation.

The current study found no significant differences between females (37.5%) and
males (62.5%) in the anatomical variation proportion. These percentages are similar to
those reported in other studies, which report frequencies between 18% and 63% [1,9,10].
Furthermore, there were no significant differences in ancestry in our study comparing
Puerto Ricans with White Americans or African Americans. However, previous studies
evaluating skeletal muscle mass showed that African Americans tended to have higher
skeletal muscle mass differences than White Americans and Hispanics [15].

We found a 26.7% frequency of a bilaterally missing tendon to the fifth digit. Specu-
lation about the partial absence of the FDB tendon attributes it to degenerative changes
among diverse populations or evolutionary adaptations [11,16]. Although humans rely
heavily on their feet for walking and support, and the human foot has evolved to be
highly efficient in bipedal walking, humans cannot oppose the first and fifth digits in the
foot, unlike other primates, who use highly dexterous feet to assist with activities such
as climbing [17]. Instead, in humans, the FDB is associated with postural control and
longitudinal arch support [18]. The intrinsic plantar muscles contribute to stiffening the
metatarsophalangeal joints in a late stance during walking or running to assist propulsive
push-off [19]. Additionally, the FDB assists the flexor digitorum longus (FDL) during the
flexion of the second to the fifth toe [20]. However, studies showed that plantar flexion was
not affected by removing the FDB tendon for correction of claw or hammer toe deformities,
and its absence does not affect the stability of the foot during gait [12].

Other studies focused on variation in the foot musculature reveal that the absence of
the FDB tendon is associated with the presence of a particularly rare muscle called the flexor
digiti quinti (FDQ), whose tendon extends from the common flexor digitorum longus [21].
In contrast to the FDB, which develops embryologically from anterior condensations of
abaxial muscle cell precursors [22], the FDQ derives from the distal part of the crural
pronator-flexor mass [21], suggesting that the FDQ is not a variant morphology of the FDB
itself. Nevertheless, none of the cadavers have this associated FDQ variation and not a
separate muscle belly.

Together, these findings suggest that, although compensatory variations are frequently
associated with a missing flexor digitorum brevis tendon, there may ultimately be little
functional effect on individuals with an absent tendon. Recent studies suggest that oxida-
tive stress can influence cell signaling pathways that regulate muscle protein breakdown
and synthesis during a prolonged period of disuse [23]. Thus, the anatomical variation
presented in this study may be a result of skeletal muscle inactivity causing muscle fiber at-
rophy function [24,25]. Although the full functional consequences of this variation relative
to individuals with a normal flexor digitorum brevis are unknown, we suggest that there
might be a more significant clinical indication.

From a clinical standpoint, knowledge about the anatomical variations of flexor digi-
torum brevis has several implications [26,27]. Deformities of the lesser toes are recurrently
encountered with significant morbidity [28]. Hammer and claw toe are deformities that
affect the proximal interphalangeal joint, the metatarsophalangeal joint, and the distal inter-
phalangeal joint, if present. Claw toe instability at the proximal interphalangeal joint may
be corrected by an FDB tenotomy [28]. In procedures like the Valtin approach, as described
by [29], the FDB is used to replace the function of an FDL tendon that has been shortened
due to ischemic muscle contracture. With this technique, the FDB muscle was successfully
used to restore flexion in these sets of patients [29,30]. Also, the FDB muscle is used as
one of the three intrinsic foot muscles to cover diabetic foot wounds through local flaps
for foot reconstruction [31]. This surgical intervention can be used for coverage of minor
foot defects such as calcaneal defects. In addition, tendon variation can impact the viability
of these procedures since the FDB can no longer be used as a graft, assuming the patient
in question has a variation or atrophy of the tendon or muscle belly. One of the potential
limitations of this study was the limited quantity of specimens used for the observations
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and quantitative analysis. Therefore, increasing anatomical studies may provide further
insight into long-term clinical outcomes regarding the availability of specific procedures.

5. Conclusions

The incidental discovery of the absence of the flexor digitorum brevis tendon during
dissections or surgical procedures has been noted for many years. Here, we assessed
the prevalence of this variation in a Hispanic population and whether there were any
links between sex, ancestry, and the presence of this variation. There was no significant
association between the presence or absence of the tendon and sex or ancestry in our
30-cadaver sample. Future directions will include greater samples and completed foot
anatomy and function variation analyses.
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