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Distribution of the subtendons
in the midportion of the Achilles
tendon revealed in vivo on MRI
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Mateusz Polaczek?® & Bogdan Ciszek*

The aim of the study was to check if the subtendons of the Achilles tendon can be identified in vivo
on MRI in the midportion of the tendon. The relation of the plantaris tendon to the Achilles tendon
was also examined. A retrospective study of 200 MRI of ankle joints including the Achilles tendon
was conducted. Statistical analysis of the correlation between the possibility of identifying the
subtendons and the side, gender, presence of the central soleus tendon and plantaris tendon
variation was performed. The inter-observer agreement between two reviewers in their evaluation
of the subtendons was assessed using kappa statistics. The subtendon from the lateral head of the
gastrocnemius muscle was identified in 65% (k =0.63) and was located in the anterior part of the
Achilles tendon. The subtendon from the soleus muscle was recognized in 12% (k= 0.75) comprising
anterior part of the tendon. In 6% the subtendon from the medial head of the gastrocnemius muscle
was identified (k=0.58). The central soleus tendon was identified in 85% of cases. Statistical analysis
shows the weak correlation of the presence of the central soleus tendon and the possibility of
identifying the subtendon from the soleus muscle. The plantaris tendon was directly related to the
insertion of the Achilles tendon in 42.5%. Identification of the subtendons of the Achilles tendon on
MRl is challenging, and most often it is only possible to find the subtendon of the lateral head of the
gastrocnemius muscle.

The Achilles tendon is composed of twisted subtendons corresponding to each part of the triceps surae muscle.
The internal structure of the muscle and tendon has been studied intensively over the last few years because
the incidence of injuries has increased almost three times over the past 30 years (18 vs 55 per 100,000)'7. The
fascicular structure of the Achilles tendon is well known and documented on cadavers*, however, there is no
corresponding radiological work on large material in magnetic resonance imaging (MRI). The Achilles tendon
subtendons initially run vertically, corresponding to the position of the muscle bellies. In the midportion of
the tendon, a clear rotation is observed so that subtendon from the lateral head of the gastrocnemius muscle
(S-LGC) is found in the anterior part while subtendon from the medial head (S-MGC) in the posterior part of
the tendon*”. The subtendon from the soleus muscle (S-Sol), which is a prolongation of the soleus central tendon
(T-Sol)*~ is located in the medial and anterior part of the tendon. Subtendons are separated by thin membranes
which makes it possible to separate them during dissection'.

The midportion of the Achilles tendon is located about 2-7 cm above the calcaneal tuber and is a typical site
for tendinopathy and injury. In most cases, no diagnostic imaging is needed because the clinical examination
is sufficient'!. However, diagnostic imaging supports the diagnosis of Achilles tendinopathy, which is the most
common cause of pain of the Achilles tendon in athletes and the general population®'2. MRI is a very sensitive
method for detecting pathological changes in the Achilles tendon because pathological changes can easily be
identified in the tendon showing a low signal on T2-weighted and proton density sequences'®". The use of ultra-
short pulse sequences techniques allows an increase in the sensitivity of the detecting pathologies in the enthesis
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Subtendon of the Achilles
tendon The plantaris tendon
Sex Side | S-MGC | S-LGC |S-Sol | T-Sol | Absence | Typel |Type2 | Type3 |Type4 | Type5
R 2 33 8 48 6 0 2 18 19 4
Females
L 3 39 6 41 5 2 4 17 16 4
R 4 30 7 43 5 1 3 20 23 5
Males
L 3 28 3 38 4 1 3 22 15 1
n 12 130 24 170 20 4 12 77 73 14
% 6% 65% 12% 85% 10% 2% 6% 38.5% 36.5% 7%

Table 1. Results of the ability to distinguish the subtendons of the Achilles tendon and the plantaris
connection to the Achilles tendon. Side (R—right, L—left). The type of plantaris tendon is according to
Olewnik et al.”>.

Figure 1. MRI right ankle, PD FS at the level of the talus. (a)—The highest section, (d)—the lowest section. A
42-year-old male with ankle sprain without trauma. The arrow marks a narrow septation between the subtendon
from the lateral head of the gastrocnemius muscle and the other subtendons of the Achilles tendon.

organ'®. Ultrasound is a routinely used imaging method of the pathology of the Achilles tendon?, but due to the
fact that our work applies to the use of MRI, we will not discuss ultrasound more broadly.

The aim of the study was to evaluate the possibility of identifying subtendons in the midportion of the Achil-
les tendon in vivo on MRI, assessing the rotation of the subtendons and the relation of the plantaris tendon to
the Achilles tendon.

Results

Identification of the subtendons. Identification of the separation between the subtendons of the Achil-
les tendon was possible in n= 141 cases (70.5%) and occurred on the anterior part of the tendon (Table 1). Identi-
fication of the subtendons was possible due to the presence of thin high-signal planes separating the subtendons,
which usually occur around the S-LGC (Figs. 1, 2, 4). The highest agreement between reviewers was in the case
of the S-Sol (Table 2) while the lowest was seen in identification of the S-MGC. Final determination of the sub-
tendons was made by consensus (Table 1).
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Figure 2. MRI left ankle, PD FS at the level of the talus (a)—the highest section, (d)—the lowest section. A
35-year-old male 2 weeks after ankle sprain, pain laterally. The arrow marks the S-LGC.

'The plantaris tendon
S-MGC | S-LGC |S-Sol | T-Sol | Absent | Typel | Type2 |Type3 |Type4 | Type5
Intraobserver | 0.86 0.86 0.92 0.85 0.93 0.81 0.99 0.90 0.93 0.92
Interobserver 0.58 0.63 0.75 0.68 0.71 0.53 0.97 0.72 0.71 0.56

Table 2. Inter- and intra-observer reliability of identification of subtendons of the Achilles tendon and
variations of the plantaris tendon.

Figure 3. MRI right ankle, PD FS at the level of the talus (a), superiorly to the calcaneus (b) and the Achilles
tendon insertion (c). A 23-year-old male with a suspected anterior talofibular ligament rupture. 1—S-LGC,
2—S-Sol. It is not possible to clearly distinguish S-MGC.

The subtendons from the S-LGC was clearly identified in n=130 cases (Figs. 1, 2, 3). The S-Sol was recognized
in n=24 cases, while the S-MGC in n=12 cases (Fig. 4). Rarely could only the S-Sol (n=5) or S-MGC (n=1)
be identified.
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Figure 4. MRI right ankle, PD FS at the level of the talus (a-c), (a)—the highest section, (d)—the lowest
section and at the level of the deep calcaneal bursa just above the calcaneus (d). A 17-year-old female 1 week
after ankle sprain, pain posteriorly to the lateral malleolus. 1—S-Sol, 2—S-LGC, 3—the plantaris tendon (type
4).

Identification of the subtendons of the Achilles tendon was possible in the midportion of the tendon (Figs. 1,
2,3,4,5, 6,7, 8) whereas septation between the subtendons was not visible in the insertion in any of the cases
(Figs. 7D, 8F).

The anterior outline of the Achilles tendon is always comprised by two subtendons, one from the lateral head
of the gastrocnemius and the other from the soleus muscle, with dominance of the first one in n=114 cases (57%)
(Figs. 2, 3, 4, 5, 7, 8). Less often, the anterior outline is comprised mainly by the subtendon originating from
the soleus muscle (Fig. 6). The posterior outline of the Achilles tendon is composed of the S-MGC (Figs. 6, 8).

The posterior outline of the Achilles tendon is composed by the S-MGC, the medial outline by the S-Sol
while the anterior by the S-LGC and S-Sol. The lateral outline of the Achilles tendon is formed by the S-LGC
and S-MGC.

The presence of the T-Sol was found in n=170 cases (85%) (Figs. 9, 10), however, only a weak statistically
significant correlation between the presence of the T-Sol (Fig. 9) and the possibility of identifying the S-Sol
within the Achilles tendon was demonstrated (r=0.15, P>0.05). No statistically significant correlation was
found between the side or gender of the patient and the possibility of identifying the subtendons within the
Achilles tendon.

Connection of the plantaris tendon to the Achilles tendon. We identified five variations of the plan-
taris tendon (Table 1, Figs. 4, 5, 6, 7, 8, 11). The direct connection of the plantaris tendon to the Achilles tendon
was seen in type 2 and 4, n =89 cases (42.5%). Weak statistically significant positive correlation is visible between
the possibility of visualizing the subtendon from the lateral head of the gastrocnemius muscle and types 3 and 4
of the plantaris tendon (Table 3). In contrast, a negative weak correlation occurs between type 5 or the absence
of the plantar tendon.

The final consensus of the possibility of identification of the subtendons of the Achilles tendon, the central
tendon of the soleus muscle and variation of the plantaris is presented in Table 1.

Rotation of the subtendons in the Achilles tendon. The angles between the long axis of the tibia and
long axes of each subtendon were measured on axial and coronal sections (Figs. 1, 2, 3, 4, 5, 6, 7, 8, Table 4). The
Achilles tendon was visible on 2 (n=49 cases) or 3 (n=151) coronal slides. The mean angles of the long axis of
the subtendons are given in Table 4. R Pearson values near to zero were noted in correlation with the subtendon’s
angles in correlation to gender and side, consequently no explicit differences were noted (Table 4).
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Figure 5. MRI left ankle, PD FS at the level of the talus; (a)—the highest section, (d)—the lowest section. A
48-year-old male presented with the anterior ankle pain. 1—S-Sol, 2—the plantaris tendon (type 5), 3—S-LGC.

Figure 6. MRI right ankle, PD FS at the level of the distal tibia (a—c); (a)—the highest section, (c)—the lowest
section, and the talus (d). A 39-year-old female 4 weeks after ankle sprain. 1—S-Sol, 2—S-LGC, 3—S-MGC, 4—
the plantaris tendon (type 4).
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Figure 7. MRI left ankle, PD FS at the level of the distal tibia (a) is a slightly higher section than (b), the talus
(c) and the calcaneus (d). A 37-year-old male with clinical suspicion of anterior conflict. The central tendon of
the soleus muscle was absent. 1—S-LGC, 2—the plantaris tendon (type 4).

Figure 8. MRI left ankle, PD FS at the level of the distal tibia (a—e), the talus (f); (a)—the highest section, (f)—
the lowest section. 1—T-Sol, 2—S-MGC, 3—S-LGC, 4—the plantaris tendon (type 3).

Discussion

The distribution of the subtendons of the midportion the Achilles tendon found in our study is the following
the S-Sol is located antero-medially, the S-LGC anteriorly while the S-MGC posteriorly. The posterior outline
of the Achilles tendon is formed by the S-MGC, the medial outline by the S-Sol, the anterior by the S-LGC and
S-Sol. The lateral outline is formed by the S-LGC and S-MGC. The internal structure and position of the sub-
tendons of the normal Achilles tendon has not yet been studied on MRI in larger material before. Most of the
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lateral medial

Figure 9. MRI right Achilles tendon, PD FS. The words medial and lateral are given for better orientation.
(A,B) coronal picture of the right Achilles tendon. (C,D) transverse section at level shown on (B). 1—fibers
from the soleus muscle, 2—fibers from the lateral head of the gastrocnemius muscle, 3—fibers from the medial
head of the gastrocnemius muscle, 4—the plantaris tendon.

Figure 10. Two patients. One presented on (a,b) with the central tendon of the soleus muscle marked by an
arrow. The other on (c,d) shows the absence of the central tendon of the soleus muscle.

previous studies assessing the internal structure of the Achilles tenon were conducted on cadavers*>!'*2° and

very few in ultrasound®. We think that our study is necessary due to the fact that MRI is a modern method of
imaging the musculoskeletal and an excellent tool for assessing the Achilles tendon anatomy**>?!. We noticed
that the possibility of identifying the subtendons on MRI is not as clear as during an anatomical dissection and
classical anatomy of the Achilles tendon is significantly different from then radiological anatomy. Identification
of the subtendons of the Achilles tendon on MRI depends on the presence of narrow high-signal septations
between the subtendons?! and the ability to identify is partly dependent on the reviewer. No large-scale MRI
studies such as this have been previously reported. We studied the Achilles tendon between the lower outline
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Figure 11. Five variations of the plantaris tendon. The most common seen variations (a) (type 3) and (b) (type
4). The less often seen variations (c) (type 1), (d) (type 2) and (e) (type 5).

absent Type 2 Type3 | Type4 | Type5
S-MGC 0.08 -0.04 0.06 0.02 -0.07
S-LGC -0.24 0.04 0.21 0.21 -0.29
S-Sol 0.08 -0.05 0.04 -0.09 0.10

Table 3. R Pearson value for the correlation of identification of the subtendons of the Achilles tendon and the
absence or variations of the plantaris tendon (Fig. 11). P<0.05. Type 1 of the plantaris tendon is not included
because of the small number of cases.

Side and gender | Value S-MGC | S-LGC | S-Sol
Angle mean | 12.7° 9.9° 3.9°
Angle min 7.2° 8.1° 2.2°
Right side
Angle max 18.7° 10.6° 12.4°
R Pearson 0.04 0.01 -0.03
Angle mean | 13.3° 10.1° 4.3°
Angle min 3.9° 6.3° 3.1°
Left side
Angle max 17.3° 14.2° 11.3°
R Pearson —-0.04 -0.01 0.03
Right and left Angle mean | 11.1° 9.1° 6.6°
Female R Pearson 0.06 -0.03 -0.02
Male R Pearson -0.06 0.03 0.02

Table 4. Values of angle of the Achilles tendon subtendons in relation to the long axis of the tibia. Correlation
of side and gender with the angles of the subtendons, P<0.05.
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of the soleus muscle belly to the level of the calcaneal tuber, which includes the zone where tendinopathy and
ruptures most often occur®>®?%, Active tracking of the subtendons from the myotendinous junction, distal to the
calcaneus, showed the same twisted structure of the Achilles tendon as revealed previously™!*171820-33 Most often
it was possible to determinate the subtendon originating from the lateral head of the gastrocnemius muscle.
The revealed subtendon’s location described in previous studies*'”?° was consistent with our MRI findings. The
localization of the subtendons revealed in our study is the following: the subtendon from the lateral head of the
gastrocnemius muscle is located in the anterior part of the Achilles tendon, the subtendon from the soleus muscle
is located medially to this, while the posterior part of the Achilles tendon is comprised of the subtendon from
the medial head of the gastrocnemius muscle. We found intermediate to good interobserver agreement values
(k=0.58-0.75). We do not think that different MRI sequences or other cross-section or section thicknesses would
improve agreement but that would presumably improve the assessment of the angles.

In contrast to anatomical studies*'”~2° we were not able to distinguish the subtendons at the level of bone
attachment because the tendon structure is quite compact and the position of the subtendons at the insertion
can be only presumed on MRI'®'”. The tight packing of the fascicles of the Achilles tendon at the insertion may
explain why the subtendons could not be identified. The Achilles tendon shows symptoms of diseases affecting
surrounding structures, e.g. retrocalcaneal bursitis or Haglund deformity. This area is also quite sensitive to
partial injuries causing isolated laxity of the tendon?. The largely uniform structure of the Achilles tendon is
only apparent because the nonuniform function of the Achilles tendon occurs during movement and exercise?®
and internal tendon tears are longitudinal in direction®.

In our study, we revealed that the anterior outline of the Achilles tendon is formed laterally by the subtendon
originating from the lateral head of the gastrocnemius muscle while the subtendon of the soleus muscle is located
anteriorly and medially. This structure is similar to the results of previous anatomical examinations*!”1#20, Usu-
ally, dominance of the subtendon from the lateral gastrocnemius muscle was observed which corresponds to
type Il according to Edama'”'®. In no case was the subtendon from the medial head of the gastrocnemius muscle
divided into parts as was previously suggested*. This difference may be due to the fact that the MRI examination
showed poor fiber rotation within the subtendon, whereas the configuration of superficial fibers is clearly vis-
ible on gross anatomy specimens. This is probably also the reason for the inability to compare with the results of
previous anatomical studies'®-?!. Several anatomical studies have shown different degrees of the Achilles tendon
twist structure, but there are no studies assessing the tendon twist on MRI. Previous anatomical studies assess-
ing the rotation of the tendon fibers give very divergent results from 5 to 90 degrees'’~2°. On MR, it is not pos-
sible to distinguish between fibers in the subtendons, but this is not difficult during anatomical dissection. The
appropriate method of angle measuring should consider the three-dimensional nature of the Achilles tendon®.
The angles measured in our study were estimated based on the axial sections and two or three coronal sections,
which is a projection of the twisted tendon surface to a flat view plane which is a limitation of this study. Our
results also differ from most anatomical works because we measured the angle of the subtendon’s axis, not the
angle of the superficial fibers or the fiber rotation as in most previous anatomical studies. On the other hand,
counting only superficial fibers orientation may lead to misinterpretation of the tendon rotation. The results
of our study are comparable only with the work published Prosenz et al.?!, where the internal structure of the
subtendons was examined. A solution could be the use of ultra-thin MRI sections of the Achilles tendon, which
is not routinely used clinically.

In occasional anatomical studies, variability in the degree of tendon torsion was observed, separating the types
of torsion variability'**!. In our material we did not find cases where only one subtendon formed the anterior
outline of the Achilles tendon, which was revealed by some authors!”. Only a variable size ratio between the
subtendons originating from the soleus and the lateral head of the gastrocnemius muscles was observed.

Previous studies'” have not shown statistically significant differences in the twisted structure between the
sexes and sites examined, however, comparison with our work on larger material and another method is sig-
nificantly limited. In our study, statistical analysis showed virtually no correlation between torsion of tendon
and gender or side.

We decided to assess the location of the plantaris tendon in relation to the Achilles tendon due to its potential
role in the medial Achilles tendinopathy®'°. The connection of the plantar tendon with the Achilles tendon was
seen relatively often (type 2 and 4) most often as a common insertion to the calcaneal tuber or as a contribution
to the medial outline of the Achilles tendon. Considering the methodology of our study, we decided to use the
plantaris tendon classification according to Olewnik et al.'*, which is a good compromise between the classifica-
tion according to Cummins and Anson® and one according to Sterkenburg et al.?®. The reason is that MRI has
a lower sensitivity than dissection for the visualization of small tendon connections which is described in some
rare variants'>%.

There was no correlation between the possibility of subtendon identification and the side, gender, presence
of the central tendon of the soleus muscle or the anatomical variant of the plantaris tendon. According to our
knowledge, no studies of similar relationships were carried out either on anatomical specimens or MRI.

The limitations of our study were: its retrospective character and no anatomical-surgical correlation.

Classical and radiological anatomy of the Achilles tendon are different. Identification of the individual subten-
dons in a healthy Achilles tendon on MRI is possible above the calcaneus, although it is challenging. Most often
only the subtendon from the lateral head of the gastrocnemius muscle can be identified, which, together with
the subtendon from the soleus muscle, forms the anterior outline of the Achilles tendon. The posterior outline
of the Achilles tendon is formed by the subtendon from the medial head of the gastrocnemius muscle. In most
cases, the plantaris tendon has a direct connection to the medial part of the Achilles tendon. The application of
the results of our study allows a more accurate association of the subtendons with individual parts of the triceps
surae muscle. This is very valuable knowledge in prevention the development of overuse, tendinopathy and
Achilles tendon ruptures.
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Methods

We conducted the retrospective study of 200 ankle MRI of athletes (112 males and 88 females; the average age
29 (range 16-47) years; 101 right ankles and 99 left ones) without history of trauma or obvious abnormality in
relation to the Achilles tendon. Only patients without tendinopathy of the Achilles tendon and with complete
clinical data were included.

MRI examinations were performed at our institution over six months (between November 2018 and April
2019), about 2-4 weeks after the ankle injury (mean duration 2.8 weeks) for clinical purposes. All examinations
were performed using a 3.0-T MRI scanner. The systematic re-evaluation was conducted by two independent
observers. We used Cohen’s Kappa coefficient to determine inter-observer agreement. A coefficient was calculated
for each subtendon, the central soleus tendon and each type of soleus. The kappa coeflicient ranges from—1 to+1,
agreements may be qualified as: excellent (> 0.81), good (0.61-0.8), intermediate (0.21-0.60), or poor (<0.21)¥.
Final determination of the subtendons was made by consensus.

Due to the known internal structure of the Achilles tendon*?, T2-weighted or PD (proton density) images
on the frontal and transverse planes were used. On the coronal plane, it was assessed whether the rotation of the
subtendons could be identified, then the position of the soleus central tendon was identified.

The angles between the long axis of the tibia and long axes of each subtendon were measured. Active track-
ing enables the determination of the geometric center of each subtendon at the highest possible cross-section
(called X1). Then each subtendon was tracked on subsequent lower axial sections for the S-MGC and S-LGC
and on coronal sections for T-Sol. Afterwards, a point X1 of the subtendon was connected with its point X2 to
define the axis of the subtendon.

On the transverse plane, we assessed whether the subtendons described in the literature could be distin-
guished on MRI and whether their location was consistent with the previously described Achilles tendon struc-
ture. At a later stage, the relationship of the plantaris tendon to the Achilles tendon was determined, using the
plantaris tendon classification according Olewnik et al.'°.

The methods were carried out in accordance with the relevant guidelines and regulations, and informed
consent was obtained from all participants, and for participants under 18, from a parent and/or legal guardian.

Ethics approval. Ethical approval was waived by the Institutional Ethics Committee at Medical University
of Warsaw, Poland in view of the retrospective nature of the study and that all the procedures being performed
were part of routine care. The Institutional Ethics Committee at Medical University of Warsaw, Poland was
informed about the ongoing retrospective study and the Committee stated there was no need for its approval
(AKBE/258/2019).

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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