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Background/aim: In this study, it was aimed to determine the morpho-
metric properties of the Kager's triangle, which is located in the posterior
region of the ankle where interventional procedures are frequently per-
formed and contains fat pad.

Materials and methods: For our study, bilateral lower extremity of 4
female and 4 male cadavers were dissected. Tibia length, fibula length,
foot length, intermaleolar length, intercondylar length, gastrocnemius
muscle's medial head and lateral head and tendon length, floor, anterior
margin, posterior margin lengths and area of Kager's triangle were
measured in the cadavers. Descriptive and statistical analysis of the
morphometric measurements we made was performed.

Results: All 3 parts of the Kager's triangle, which are defined anatomi-
cally in the literature, have been observed. The base of the Kager's trian-
gle is an average of 24.33+2.05 mm in women and 31.44£3.84 mm in men.
The anterior border of Kager's triangle is 60.10+6.56 mm in females and
67.19+19.05 mm in males. The posterior border of Kager's triangle was
found to be 55.61:6.38 mm in women and 72.52+17.56 mm in men. The
area of Kager's triangle was found to be 6.74t1.15 cm? on average in fe-
males and 9.06+1.85 cm? in males.

Conclusion: The data obtained will be a guide for the injections to be
applied to the region or surgical interventions to be performed in the
region, especially for the treatment of pathologies such as Achilles ten-
dinopathy in this region. It is aimed that this study will contribute to the
literature on the anatomy of the relevant region.

Keywords: Anatomy, calcaneal tendon, Kager's fat pad, Kager's triangle,
pre-achilles fat pad, retrocalcaneal bursa.

1. INTRODUCTION

region.

Calcaneal tendon, which plays a major role in the
movement of the ankle joint, is formed by the
combination of the tendons of the gastrocnemius and
soleus muscles, located on the back of the leg. This
tendon plays a crucial role in energy transfer, energy
storage and energy release during foot and ankle
movement. Calcaneal tendon can be subjected to
loads that increase up to 12 times a person's weight
while running. Therefore, the importance of the
structures that support it is increasing (1). Kager's

triangle is one of the crucial support structures in this

The triangular area, which was defined and named by
Dr Hans Kager, has been called the Kager's triangle
since 1977 (2). The ankle joint is located at the
anteroinferior corner of the triangle (3). Kager's
triangle, which has sharp borders and is radiolucent,
is surrounded by calcaneal tendon posteriorly,
tendon of the flexor hallucis longus muscle anteriorly
and calcaneus inferiorly. Kager's fat pad, also known
as the pre-achilles fat pad, covers the Kager's
triangle, and the adipose tissue can sometimes

extend to the soleus (4).
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Studies reveal a close physical interaction between
Kager's fat pad and surrounding structures during
ankle movement. This suggests that Kager's fat pad
can stabilize and maintain the mechanical function of
the ankle joint. Kager's triangle, located in the anterior
part of the calcaneal tendon and posterior part of the
flexor hallucis longus, also facilitates the movement
of the calcaneal tendon, during ankle plantar flexion
and provides shock absorption for the tendon (3).
Calcaneal tendon, can withstand a pulling force of
approximately 1 ton. Although it is known to be so
strong, it has been reported as the most frequently
injured tendon in the literature. In pathologies
occurring in the region, the boundaries of the Kager's
triangle are disrupted (3). In treatments applied to this
area, this fat pad atrophies. When we look at the
studies in the literature, it has been seen that atrophy
and fibrosis of the Kager fat pad can develop in the
images obtained by magnetic resonance (MR)
technique after steroid injection to this region for
Achilles tendinopathy. Fat pads tendons; lubricates,
insulates, protects and provides structural support (5).
Atrophy of the foot fat pad also disrupts the foot
biomechanics and causes abnormal gait and pain (6).

In addition, it has been observed that the distal end of
Kager's fat pad, the third part, in front of the
retrocalcaneal bursa, is displaced with the
retrocalcaneal bursa during ankle movement in
healthy individuals. However, this displacement was
not seen in individuals with hindfoot disorder. This
‘'variable  piston' mechanism  maintains  foot
biomechanics by minimizing pressure changes in the
body (7).

Kager's fat pad also protects and supports blood
vessels and facilitates the release of synovial fluid
into the calcaneal tendon (3).

Many abnormal conditions of the ankle can include
Kager's fat pad. It is necessary to pay attention to the
borders of this triangle and the angles formed by
these borders. Distortion in these borders and angles
may indicate an abnormality (8).

The aim of this study is to fully reveal the anatomical

and morphometric features of the region and to fully

define the anatomical localization and borders of the
triangle with all its dimensions. With the data
obtained, our aim is to be a guide for surgeons in
injections to be applied to the region for the
Achilles
to be

performed in this region, and to contribute to the

treatment of pathologies such as

tendinopathy, or surgical interventions

literature that related to anatomy of this region.

2. MATERIALS AND METHODS

For the anatomical and morphometric examination of
Kager's triangle, bilateral lower extremities were
studied in 6 fixed cadavers in Department of
Anatomy, Faculty of Medicine, University of Health
Sciences and in 2 fixed cadavers in Department of
Aydin

University. The ethics committee approval was

Anatomy, Faculty of Medicine, Istanbul
obtained from the University of Health Sciences. In
our study, the dissection of 8 cadavers, 4 females and
4 males, was performed with the equipment of our
department. Measurements were made with a
precision digital caliper and data were recorded in
millimeters (mm).

For the base of the Kager's triangle, the distance
between the point where the calcaneal tendon
attaches to the calcaneus and the point where the
flexor hallucis longus passes through the groove for
tendon of flexor hallucis longus was measured
vertically. For the anterior edge of the Kager's
triangle, the distance between the intersection of the
calcaneal tendon and the flexor hallucis longus and
the point where the flexor hallucis longus passes
through groove for tendon of flexor hallucis longus
was measured vertically. For the posterior edge of
the Kager's triangle, the distance between the
intersection of the calcaneal tendon and the flexor
hallucis longus and the point where the calcaneal
tendon attaches to the tuber calcanei was measured
vertically. The area of the Kager's triangle was
calculated with the Heron formula, which was used to
calculate the area of the triangle with known side

lengths (Figure 1).
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Figure 1: Calculating the sides of the Kager tri-

Figure 2: Removal of Kager fat pad
angle and the area of the Kager triangle
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Figure 3: Kager fat pad
3. RESULTS AND DISCUSSION calcaneal tendon, the second part is the part behind
According to the location of the fat pad in the Kager's the flexor hallucis longus muscle extending obliquely
triangle, it was observed as 3 sections as found in the from lateral to medial a little lower, and the third part

literature. The first part is the part just in front of the is the part in front of the retrocalcaneal bursa, which

Table 1: Minimum, maximum mean and standard deviation values of the morphometric data obtained
as a result of the measurements

Parameters | Number of Extremities | Min (mm) Max (mm) Mean (mm) | Standard Deviation
KUT 15 20.66 3622 2812 476
KUOK 15 4062 90.88 63.88 14.60
KUAK 15 49.17 96.34 64.63 15.74
Parameter Number of Extremities | Min (cm?) Max (cm?) Mean (cm?) | Standard Deviation
KA 15 548 12.69 7.98 193

KUT: Kager triangle base, KUOK: Kager triangle anterior margin length, KUAK: Kager triangle posterior margin length, KA: Kager

triangle area
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is above the lowest calcaneus as followed (Figure 2 calcaneal tendon and adhered to the sheath of the

and Figure 3). calcaneal tendon.

The Kager fat pad was observed in front of the In our study, the base of the Kager's triangle was

Table 2: Analysis of the Kager triangle area by gender and side

KA
. Mean (cm?3) &
Parameters N :\:Jedgr; Standard P
3-(1 Deviation
Woman 6.68 (5.89-7.28)
7 €9 6.74*1.15
Man 17 (7.60-9.86) 0.013
8 o P09 0.06+1.85
Right side 8.13 (6.11-9.23)
9 8 3 923 7.85+1.70
Left Sid 28 (6 23) 0784
eft Side . 54-9.
7 / 54923 8.13+2.28

Table 3: Analysis of the anterior edge

, posterior edge and base of the Kager triangle by gender and side

KUOK
. Mean (mm) ¢
M
Parameters N ( Qedgn) Standard P
3-G1 Deviation
Woman 7 69.16 (56.45-61.04) 60.10+6.56
0.536
Man 8 58.62 (48.37-84.11) 67.19+10.05
Right side 8 57.66 (54.12-79.17) 63.83+14.25
- 0.694
Left Side 73 59.94 (58.17-78.38) 63.95+16.15
KUAK
. Mean (mm) ¢
Med
Parameters N ( Qe ;\r; Standard p
3-\1 Deviation
Woman 7 53.06 (51.42-61.98) 55.61:6.38
0.094
Man 8 7167 (54.71-88.74) 72.52+17.56
Right side 8 50.65 (52.20-74.52) 62.97+13.74
0.86
Left Side 7 61.98 (51.42-89.33) 66.52+18.72 /
KUT
. Mean (mm) ¢
M
Parameters N ( Qed(lgn) Standard P
3-G1 Deviation
Woman 7 24.16 (23.05-26.13) 24.33+2.05
0.006
Man 8 32,50 (29.23-33.48) 31.44:3.84
Right side 8 26.10 (23.73-33.13) 2751:4.99
: 0.779
Left Side 7 28.52 (24.16-32.32) 28.82:4.76

KUT: Kager triangle base. KUOK: Kager triangle anterior margin length. KUAK: Kager triangle posterior margin length p<0.05 was
considered significant.
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found to be 24.33t2.05 mm in females and 31.44+3.84
mm in males. The anterior margin of Kager's triangle
is 60.10:6.56 mm in females, 67.19+#19.05 mm in
males, and the posterior edge of Kager's triangle is
55.61:6.38 mm in females and 72.52:17.56 mm in
males. The area of the Kager's triangle was
calculated by Heron's formula, which was used to
calculate the area of the triangle with known sides.
W¥hile this value was 6.74t1.15 cm2 in women on
average, it was 9.06+1.85 cm2 in men. The minimum,
maximum, mean and standard deviation values of the
morphometric data obtained as a result of the
measurements are shown in Table 1. Although there
was a statistically significant difference between men
and women for the base and area of the Kager's
triangle, there was no statistically significant
difference between men and women for the anterior
and posterior sides of the Kager's triangle.

Analysis of the Kager's triangle area by gender and
side is shown in Table 2, and the analysis of the
anterior edge, posterior edge and base of the Kager's
triangle by gender and side is shown in Table 3.

In this study, the anatomical and morphometric
features of the Kager's triangle are detailed. Although
Kager's fat pad is said to act predominantly as a
space filler (7), there are also studies claiming a role in
the force-generating capacity and prevention of
tendon deformity (). It has been assumed that the

Kager fat pad helps to minimize pressure changes in

the retrocalcaneal bursa (3,10). In a study, they stated
that when the extreme point of range of motion is
reached in passive ankle plantar flexion and
dorsiflexion, there is a significant increase in pressure
both in the anterior part of the bursa and in the
middle part of the fat pad (10). The area of the Kager
fat pad decreases in patients with retrocalcaneal
problems and in advanced ages (3). Kager's triangle
appears radiolucent on radiography, but may be
impaired by abnormalities such as the presence of
accessory muscles, tendon ruptures, neoplasms, and
inflammatory conditions (8). In addition, in pathologies
such as Achilles tendinopathy occurring in the region,
corticosteroid injections are preferred because of the
minimal invasiveness of the steroid injection and the
rapid relief of the symptoms of the disease (11).
However, one of the side effects of these steroid
injections is atrophy of adipose tissue (12,13). Steroid
injections deeper than the peritendinous area,
especially applications without imaging techniques,
are injected into the Kager fat pad, and this steroid
injection may have significant negative
consequences due to both chemical factors and
inadequate injection techniques (6). Fat pad atrophy
is a serious problem in the foot as it can cause
significant effects on gait due to disruption of
biomechanics. Extreme ranges of motion (full plantar
flexion or full dorsiflexion) should be avoided, as this

may be detrimental to the Achilles or the surrounding

Figure 4: Vascular structures between Kager fat pad and tendon calcanei
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Kager fat pad (10).

Malegelada et al. investigated the potential role of
Kager fat pad pressure changes in Achilles
tendinopathy in maximum ankle motion in 6 fresh
frozen male cadavers and measured the anterior and
posterior margin lengths of the Kager's triangle.
These values were found to be 10 cm and 7 cm,
respectively (10). In our study, the anterior margin of
Kager's triangle was found to be 60.10:6.56 mm in
women and 67.19+19.05 mm in men. The posterior
border of Kager's triangle was found to be 55.61+6.38
mm in women and 72.52+17.56 in men. We think that
the source of the difference with the other study is
the gender of the cadavers and embalming.

In our study, the area of the Kager's triangle was
calculated with the Heron formula used to calculate
the area of the triangle with known sides. This value
was found to be 6.74+1.15 cm2 in women on average
and 9.06+1.85 cm2 in men. In the literature, 2 studies
were found in which the area of the Kager's triangle
was examined.

Jeon et al. radiologically evaluated the area of the
Kager's triangle, the temperature of the Kager's
triangle and the retrocalcaneal bursa on 20 female
students aged 20-21 years, according to the height of
the shoe heel. It was observed that the temperature
of the Kager fat pad decreased as heel height and
wearing time increased. The mean and standard
deviation of the Kager's triangle area were found to
be 10.62:0.50cm? in the subjects wearing sports
shoes and 9.74t0.29cm? in the subjects wearing high
heels. There was a decrease of approximately 0.9
cm?®-12 cm? in the area, and a decrease in the
temperature of the region by approximately 1.6°C-
0.5°C, compared to those wearing sports shoes, in
high-heeled shoes. The reason for this is that as the
heel height increases, the calcaneal tendon contracts
due to the plantar flexion of the foot and the muscle
fibers become shorter and thicker. As this affects
blood circulation (Figure 4), it causes a decrease in
the temperature in that area. As a result of the
examination of the general radiographic images, it

was determined that the Kager region shrank in the

subjects wearing high heels, and the shape of the
Achilles tendon and Kager's triangle changed (14).

In our study, the area of the Kager's triangle was
calculated with the Heron formula used to calculate
the area of the triangle with known sides. This value
was found to be an average of 6.74 cmz2 for women
and 9.06 cm2 for men. The difference with the results
of the study by Jeon et al. is due to the fact that our
study was conducted on embalmed cadavers, and
the ankles of the cadavers were fixed in planta flexion
due to the effect of gravity. Plantar flexion also
reduces the area of the Kager fat pad (14).

The pre-death habits of the bodies donated as
cadavers are unknown. Therefore, more conclusions
can be reached by comparing Kager's triangle with
radiological data and age; Therefore, we think that it
can generate data for rehabilitation and surgical
procedures in clinics such as physical therapy and

orthopedics.

4. CONCLUSION

Although it is stated that the fat pad in the Kager
triangle is only for the purpose of filling the space, it
supports the calcaneal tendon from the front and
prevents it from bending. It increases the lubricity of
the tendon and facilitates movement. Atrophy of this
structure can disrupt the biomechanics of the foot
and cause pain. For this reason, the boundaries and
area of the Kager triangle should be taken into
account in exercises that force normal joint
movements in the ankle, in injection procedures and
in surgical operations. This study was conducted with
a limited number of cadavers. Enriching the study of
Kager's triangle with radiological images and
functional examinations will provide more precise

information.
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