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Anatomical evaluations 
of the adipose tissue surrounding 
the flexor hallucis longus tendon
Tatsuhito Kawada 1,2, Yasushi Shinohara 3*, Toshiyuki Kurihara 4, Hayato Satake 1, 
Kana Itokawa 1, Masaki Fukuyoshi 2, Norio Hayashi 5 & Katsumasa Sugimoto 6

This study aimed to evaluate the presence of adipose tissue surrounding the flexor hallucis longus 
(FHL) tendon through gross dissection and magnetic resonance imaging (MRI). Grossly, we observed 
the FHL tendon and surrounding tissues in nine cadavers. Using MRI, we quantitatively evaluated 
each tissue from the horizontal plane in 40 healthy ankles. Macroscopic autopsy revealed the presence 
of adipose tissue behind the ankle joint between the FHL and fibula, and horizontal cross-sections 
showed an oval-shaped adipose tissue surrounding the tendon. The cross-sectional area on MRI 
was 14.4 mm2 (11.7–16.7) for the FHL tendon and 120.5 mm2 (100.3–149.4) for the adipose tissue. 
Additionally, the volume of the adipose tissue was 963.3 mm3 (896.2–1115.6). There is an adipose 
tissue around FHL tendon and maybe this close anatomical relationship might influence the function 
of the tendon and be involved in its pathologies.
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Abbreviations
FHL	� Flexor hallucis longus
MRI	� Magnetic resonance imaging
CSA	� Cross-sectional area

Adipose tissue, which are present around tendons, plays a role in reducing friction and compressive stress1,2. In 
addition, adipose tissue contains nerve endings that serve the nociceptive function of tendons1,3,4. Moreover, 
because adipose tissue surrounding tendons also moves with tendon and joint movement5, decreased mobility 
of adipose tissue may cause tendinopathy and postoperative pain6,7. Pingel et al.8 reported that changes in gene 
expression in samples of Achilles tendonitis patients were more consistent with inflammation of Kager’s fat pad 
than healthy controls, suggesting that adipose tissue is involved in the pathogenesis. Therefore, adipose tissue is 
one of the important tissues for understanding the pathogenesis of tendinopathy8, and it is necessary to determine 
adipose tissue distribution for treatment in the field of rehabilitation and orthopedics.

The flexor hallucis longus (FHL) originates at the distal two-thirds of the posterior fibula and interosseous 
membrane of the lower leg, transitions into a tendon at the distal tibia, passes through the fibro-osseous tunnel, 
changes direction with the sustentacular tail, and courses towards the base of the great toe distal phalanx9,10. 
Tendon disorders of the FHL muscle reportedly occur in the between the fibro-osseous tunnel11, the great toe 
sesamoid11, at the junction of the tendon of the flexor digitorum longus12 and the base of the great toe phalanx13. 
Particularly, disorders occur more frequently between the fibro-osseous tunnel and great toe sesamoid because 
of the poorer blood flow to the FHL tendon than that in other regions, considerable changes in the course of 
the tendon, and the application of excessive stress11. Although the affected area is more distal to the ankle joint, 
some patients experience posteromedial ankle pain after an ankle injury14,15. Furthermore, previous studies 
using magnetic resonance imaging (MRI) reported that some cases of pain around the FHL tendon after ankle 
trauma showed scarring of the surrounding tissue16. Although adipose tissue may also be present around the 
FHL tendon, its detailed anatomical structure remains unclear. Combined examination using gross anatomy 
and MRI has been performed for anatomical observations of adipose tissue17–19.
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This study aimed to investigate the presence of adipose tissue surrounding the FHL tendon through gross 
dissection and MRI.

Materials and methods
Gross anatomical examination
Subjects for systematic dissection included nine cadavers and nine feet (average age: 86.8 ± 3.2 years; 4 men, 5 
women; 5 left feet, 4 right feet). To determine the structure of the FHL tendons and surrounding tissues, patients 
with a history of trauma, including fractures around the ankle and soft tissue injuries, were excluded.

An autopsy was carefully performed while inspecting each tissue to identify the FHL tendon and surrounding 
structures behind the ankle. The same procedure was performed by the same examiner for all cadavers.

First, the skin and subcutaneous adipose tissue were removed from the posterior ankle joint. The Achilles 
tendon and the Kager’s fat pad were exposed distally to observe the relationship and boundary between the deep 
FHL tendon and surrounding tissue and the Kager’s fat pad. To observe the positional relationship between the 
FHL tendon and surrounding tissues, we identified and removed the long and short peroneus, tibialis posterior, 
tibial nerve, and tibial posterior artery. Subsequently, the trochlea of the talus was used as an indicator to traverse 
the FHL tendon and surrounding tissues, which were also observed in the horizontal plane. Morphometry was 
performed using a digital caliper (SCALE-BK-150-MM, Waves, JAPAN) to measure the long and short axes of 
the FHL tendon and surrounding tissues at the level of the talar trochlea. Each measurement was performed 
three times, and the average value was used in all analyses. The intra-rater reliability of the FHL tendon and 
surrounding tissue measurements was verified by intraclass-correlation-coefficient (ICC), and the major axes 
(ICC = 0.88–0.98) and minor axes (ICC = 0.97–0.98) of the FHL tendon and major axes (ICC = 0. 95–0.99) and 
minor axes (ICC = 0.88–0.98) for surrounding tissue were excellent, respectively.

MRI study
A total of 40 feet from 20 healthy adults (12 men and 8 women; mean age, 22.3 ± 1.0 years) were examined. 
Patients with a history of fracture around the FHL tendon, those with tendon disorders of the ankle joint, and 
those with significant limitation of range of motion or pain in the ankle joint were excluded. The study design 
was approved by the ethics committee of Ritsumeikan University (BKC—LSMH—2021—033), and all procedures 
were performed in accordance with the Declaration of Helsinki (last modified in 2013) and the Japanese guide-
line entitled, “Ethical Guidelines for Medical and Health Research Involving Human Subjects.” All participants 
provided written informed consent.

Morphometry of the FHL tendon and surrounding adipose tissues
Using a 3.0-T MRI scanner (MAGNETOM Skyra; Siemens Healthineers, Japan), the patients were laid in a 
supine position with their knees extended and their legs parallel to the long axis of the gantry; the ankles were 
fixed in the plantar–dorsiflexed neutral position. T1-weighted spin echo images were captured using body coils 
with a matrix of 512 × 512, field-of-view of 350 mm, TR/TE of 700/8.8 ms, flip angle of 120°, and with no gap 
at 3-mm intervals from the distal lower leg to the calcaneus, focusing on the height where the FHL and soleus 
muscles meet. FHL tendons and surrounding adipose tissue were identified from the horizontal plane. After 
observing the positional relationship of each tissue, they were traced with reference to a slice of the trochlea of 
the talus, and their cross-sectional area (CSA) and volume were measured. The volume was calculated by adding 
all measured CSAs and multiplying them by the slice thickness (3 mm)20. Observations and measurements were 
quantitatively evaluated using Horos ver. 4.0 (Horos Project, USA).

Relationship between morphometrics and physical characteristics of patients
We investigated the influence of the physical characteristics of the patients on the morphometrics of the sur-
rounding adipose tissue of the FHL tendon. Patients’ characteristics, including body height, body weight, body 
mass index, lower leg length, and foot length, were measured, and the relationship between sex, left–right com-
parisons, and basic characteristics in each of the surrounding adipose tissue were assessed.

Examining the positional relationship between the FHL tendon and surrounding adipose tissue
The location of adipose tissue around the FHL tendon relative to the tendon around the ankle joint was exam-
ined. Based on the slice level of the trochlea of the talus, a straight line passing through the center of the talus 
and center of the Achilles tendon was defined as the y-axis, and the line perpendicular to the y-axis passing 
through the maximum bulge of the lateral malleolus was defined as the x-axis, with an intersection point at the 
origin (0, 0) (Fig. 1). Positive values were defined as lateral or posterior, whereas negative values were defined 
as medial or anterior.

Thereafter, we measured the coordinate centers of the FHL tendon and surrounding reference adipose tissue, 
the Achilles tendon, peroneal tendon, and tibialis posterior tendon to confirm their positional relationships. 
The coordinate center was measured using ImageJ software (v.1.53, National Institutes of Health, USA, https://​
imagej.​net/​ij/​index.​html).

Statistical analysis
The relationship between height, weight, lower leg length, and foot length in each value of the surrounding 
adipose tissue was examined using Spearman’s correlation coefficient, and the Mann–Whitney U test was used 
for sex- and left–right side-based comparisons. SPSS Statistics 20.0 (IBM, USA) was used for all analyses, with 
significance set at < 5%.

https://imagej.net/ij/index.html
https://imagej.net/ij/index.html
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Ethical approval
This study was conducted after obtaining prior approval from the Ritsumeikan University Ethics Review Com-
mittee (BKC—LSMH—2021—033).

Results
Gross anatomical examination
In the posterior ankle joint, adipose tissue was observed between the FHL tendon, fibula, and lower lateral 
malleolus in all nine feet (Fig. 2a). Transverse observation of the FHL tendon and adipose tissue from a horizontal 
plane using the trochlea of the talus as a reference point revealed oval-shaped adipose tissue surrounding the 
tendon; the deep (anterior) layer was in contact with the posterior articular capsule and ligament of the talocru-
ral joint (Fig. 2b), and this tissue could be clearly distinguished from Kager’s fat pad, which is a single layer of 
adipose tissue located in the superficial layer (posterior) of the FHL tendon (Fig. 3).

Horizontal cross-section morphometry of the FHL tendon and surrounding adipose tissue revealed mean 
dimensions of 6.3 ± 0.8 mm and 3.2 ± 0.5 mm in the major and minor axes, respectively, for the FHL tendon and 
22.1 ± 1.3 mm and 7.6 ± 2.2 mm in the major and minor axes, respectively, for adipose tissue (Fig. 4).

MRI study
Observation and morphometry of the FHL tendon and surrounding adipose tissue
On axial MRI images (horizontal plane), the FHL tendon at the level of the talocrural joint in all 40 feet was 
surrounded by oval-shaped adipose tissues, while the ligament and posterior articular capsule of the talocrural 
joint were in the deep layer (Fig. 5). When the CSAs of the FHL tendon and adipose tissue were measured using 
the trochlea of the talus as an index, the median CSA of the FHL tendon was 14.4 mm2 (11.7–16.7 mm2) and that 
of the adipose tissue was 120.5 mm2 (100.3–149.4 mm2) (Fig. 6). Furthermore, the median volume of adipose 
tissue was 963.3 mm3 (896.2–1115.6 mm3).

Relationship between morphometrics of adipose tissue surrounding the FHL tendon and physical characteristics of 
the patients
Data on the physical characteristics of all patients are presented in Table 1.

The CSA of the adipose tissue demonstrated positive correlation with body height (r = 0.60), body weight 
(r = 0.62), body mass index (r = 0.50), lower leg length (r = 0.40), and foot length (r = 0.57) of the patients. Addi-
tionally, the adipose tissue volume demonstrated positive correlation with body height (r = 0.66), body weight 
(r = 0.63), body mass index (r = 0.40), lower leg length (r = 0.48), and foot length (r = 0.63) (Table 2).

The CSA and volume of the adipose tissue were significantly greater in men than those in women (p < 0.05) 
(Fig. 7). However, no significant difference was observed between the left and right feet (p > 0.05) (Fig. 8).

Figure 1.   Coordinate axis settings. X-axis: Straight line to the Y-axis through the maximum bulge of the lateral 
malleolus. Y-axis: Straight line through the center of the talus and center of the Achilles tendon. Red circle: each 
center point; yellow circle: origin. FHL-T, flexor hallucis longus tendon; A-T, Achilles tendon; P-T, peroneal 
tendon; TP-T, tibialis posterior tendon; T, talus, MM, medial malleolus; LM, lateral malleolus; Pos, posterior; 
Ant, anterior; Lat, lateral, Med: medial.
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Positional relationship between the FHL tendon and surrounding adipose tissues
The coordinate centers (x, y) of the FHL tendon, adipose tissue, Achilles tendon, peroneal tendon, and tibialis 
posterior tendon are presented in Table 3. Additionally, the coordinate center of the adipose tissue surrounding 
the FHL tendon was located at a level (y value) similar to that of the peroneus tendon (Fig. 9).

Discussion
This study aimed to evaluate the presence of adipose tissue surrounding the FHL tendon through anatomical 
observations and MRI findings. The clarification of these structures aims to enhance our understanding of 
diseases, guiding treatment selection for post-traumatic posteromedial ankle pain, such as ankle sprains and 
fractures, encountered in clinical practice.

In gross posterior view of the ankle, adipose tissue was present in the gap between the FHL tendon and 
fibula, while horizontal section of the talocrural joint revealed oval-shaped adipose tissue surrounding the FHL 
tendon. Although the FHL part of Kager’s fat pad is in the superficial layer5 of the FHL tendon, the boundary of 
each tissue was clearly demarcated from the ligament, suggesting that the adipose tissue surrounding the FHL 

Figure 2.   Adipose tissue surrounding the flexor hallucis longus tendon. (a) Adipose tissue surrounding the 
flexor hallucis longus tendon of the left ankle joint (posterior view). (b) Adipose tissue surrounding the flexor 
hallucis longus tendon at the level of the talocrural joint (horizontal). Dotted line: contour of adipose tissue. 
FHL-T, flexor hallucis longus tendon; T, talus; C, calcaneus; MM, medial malleolus; LM, lateral malleolus; Pos, 
posterior; Ant, anterior; Lat, lateral; Med, medial.

Figure 3.   Border between adipose tissue surrounding the flexor hallucis longus tendon and superficial Kager’s 
fat pad. Black dotted line: boundary with Kager’s fat pad. FHL-T, flexor hallucis longus tendon; KFP, Kager’s fat 
pad; Lat, lateral; Med, medial.
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tendon is different from Kager’s fat pad. However, since these boundaries were not observed histologically in 
this study, further investigation is necessary.

Morphometric analysis indicated that the volume of the adipose tissue surrounding the FHL tendon was 
963.3 mm3 (median: 896.2–1115.6 mm3). Malagelada et al.21 reported that the volume of Kager’s fat pad to be 
10.6 mL (10.600 mm3) using the Archimedean principles from cadaver dissection. The measurement of tissue 
volume using MRI in this study has also been validated in previous studies22,23, and the volume of the adipose 
tissue surrounding the FHL tendon measured in this study was approximately 1/10 the size of Kager’s fat pad. 

Figure 4.   Methods for measuring the major and minor axes of the flexor hallucis longus tendon and 
surrounding adipose tissue. The maximum width of each tissue was defined as the major axes, and the 
maximum length was defined as the minor axes. White double arrows: major axes; black double arrows: minor 
axes. FHL-T, flexor hallucis longus tendon; LM, lateral malleolus.

Figure 5.   Magnetic resonance image of adipose tissue surrounding the flexor hallucis longus tendon. (a) At 
the level of the trochlea of the talus. (b) One slice proximal to the trochlea of the talus. (c) One slice distal to the 
trochlea of the talus. Dotted line: contour of adipose tissue. FHL, flexor hallucis longus; FHL-T, flexor hallucis 
longus tendon; T, talus; MM, medial malleolus; LM, lateral malleolus; Pos, posterior; Ant, anterior; Lat, lateral; 
Med, medial.
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Additionally, when the relationship between the adipose tissue CSA and volume and physical characteristics 
of patients was examined, a positive correlation was observed between each physical characteristic, which was 
significantly greater in men than in women. Patel et al.24 examined the relationship between the FHL tendon 
and physical characteristics of patients using B-mode ultrasound and reported a positive correlation between 
the tendon form and foot length. Rosso et al.25 examined the sex-based differences in the Achilles tendon length 

Figure 6.   Method of measuring the cross-sectional area of adipose tissue around the flexor hallucis longus 
tendon. The cross-sectional area of adipose tissue was defined as the difference between the cross-sectional area 
of the flexor hallucis longus muscle and that of adipose tissue. Black dotted line: adipose tissue trace section. 
White line: flexor hallucis longus trace section. FHL, flexor hallucis longus; FHL-T, flexor hallucis longus 
tendon.

Table 1.   Patients’ physical characteristics. Y, years; cm, centimeter; Kg, kilogram; BMI, body mass index.

Men
n = 12 (24 feet)

Women
n = 8 (16 feet)

Total
n = 20 (40 feet)

Age (y) 23.0 (21.0–23.0) 23.0 (22.5–23.0) 23.0 (21.0–23.0)

Body height (cm) 175.5 (169.9–179.9) 161.8 (158.7–164.7) 168.3 (164.2–175.6)

Body weight (kg) 71.7 (63.3–76.0) 58.4 (54.3–60.0) 63.3 (58.4–73.6)

BMI (kg/m2) 22.2 (21.5–24.2) 21.6 (21.1–23.2) 22.2 (21.2–23.5)

Leg length (cm) 37.7 (36.3–40.0) 34.5 (34.0–36.1) 36.4 (35.2–38.0)

Foot Length (cm) 25.8 (24.8–26.5) 22.8 (22.2–23.5) 24.2 (23.0–26.0)

Table 2.   Relationship between the cross-sectional area and volume of adipose tissue and patients’ physical 
characteristics. CSA, cross-sectional area; cm, centimeter; Kg, kilogram; BMI, body mass index.

(a) Relationship between the cross-
sectional area of adipose tissue and physical 
characteristics

Adipose tissue CSA r value p value

Body height (cm) 0.60  < 0.05

Body weight (kg) 0.62  < 0.05

BMI (kg/m2) 0.50  < 0.05

Leg length (cm) 0.40  < 0.05

Foot Length (cm) 0.57  < 0.05

(b) Relationship between the volume of 
adipose tissue and physical characteristics

Adipose tissue Volume r value p value

Body height (cm) 0.66  < 0.05

Body weight (kg) 0.63  < 0.05

BMI (kg/m2) 0.40  < 0.05

Leg length (cm) 0.48  < 0.05

Foot Length (cm) 0.63  < 0.05
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and its relationship with lower leg length and body height using MRI and reported that the Achilles tendon 
length was significantly longer in men than in women, demonstrating a positive correlation with lower leg 
length and body height. Furthermore, a report investigating the relationship between the form of the intrinsic 
foot muscles, including their CSA and thickness, and physical characteristics using ultrasound imaging showed 
a positive correlation between the form of the intrinsic foot muscles and body height, body weight, foot length, 
and arch height26. Thus, it can be said that the size of organs and tissues constituting the body, such as muscles, 
tendons, and adipose tissues, is proportional to the body size. Similarly, the CSA and volume of adipose tissue 
is positively correlated with the physical characteristics, suggesting that the morphology of adipose tissue may 
be influenced by body size.

The adipose tissue around the tendon of the lower limbs is represented by Kager’s fat pad5,21,27 around the 
Achilles tendon and infrapatellar fat pad28,29 around the patellar tendon. Adipose tissue not only serves as a buffer 

Figure 7.   Cross-sectional area and volume of adipose tissue by gender. (a) Adipose tissue cross-sectional area 
by gender. (b) Adipose tissue volume by gender. CSA, cross-sectional area.

Figure 8.   Left–right comparison of cross-sectional area and volume of adipose tissue. (a) Left–right adipose 
tissue cross-sectional area. (b) Left–right adipose tissue volume. CSA, cross-sectional area.

Table 3.   Mean value of the center of coordinates in each tissue (mm). Each value (x, y) represents the distance 
(mm) from the origin (0,0). FHL-T, flexor hallucis longus tendon; A-T, Achilles tendon; P-T, peroneal tendon; 
TP-T, tibialis posterior tendon.

FHL-T Adipose tissue A-T P–T TP-T

x value  − 6.8 ± 1.9 3.5 ± 1.3 0.2 ± 0.7 25.5 ± 2.3  − 23.2 ± 2.4

y value 7.9 ± 3.0 9.7 ± 2.4 32.1 ± 3.5 9.0 ± 2.3  − 9.0 ± 2.7
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to avoid direct collision between the tendon/ligament and bone21,30 but also has proprioceptive and nociceptive 
functions for the tendon1,3 because of the presence of nerve endings and neuro-related proteins.

Adipose tissue surrounding the FHL tendons may also be involved in the function and diseases of FHL ten-
dons. However, the results of this study are insufficient to clarify the function of adipose tissue on FHL tendons 
or the involvement of adipose tissue in the disease. Therefore, further evaluation is needed on this topic.

Conclusions
We evaluated the presence of surrounding adipose tissue in the FHL tendon through gross dissection and MRI 
examination. Adipose tissue, which is different from Kager’s fat pad around the adjacent Achilles tendon, was 
observed around the FHL tendon.

Data availability
The data that support the findings of this study will be available from the corresponding author upon reason-
able request.
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