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SUMMARY: The injury of Biceps Femoris long head (BFIh) and Semitendinosus (ST) is caused by over-stretch of the muscles
at the back of the thigh. This condition encompasses almost one third of sports-related injuries and has severe consgyasipegs, s
and weakness of the muscles. This injury is related namely to quick and demanding activities, such as short distanicesslimittdg
time period. The Common Origin Tendon (COT) for these two muscles is affected in these injuries. This tendon is formdetby the B
and ST muscles which together have a common origin in the ischial tuberosity. Given the lack of complete knowledge dbiedthe de
structure of the COT, we dissected cadaveric limbs, describing their morphological characteristics, and discussing @kdndction
clinical implications.: Thirty-five human cadaveric lower limbs were dissected after fixation to analyze the morphology@f .the
focusing on their volume and muscular/tendinous proportion. We identified two subtypes of COT. The most frequent was the
musculotendinous type, in which the origin of the BFIh was mainly tendinous, while the ST muscle was mainly muscularr{@ie4%). |
tendinous type both muscles had a tendinous origin (8.6%). In the musculotendinous type, the ST muscle ends with a microscopic
connective tissue that extend into the ischial tuberosity. We conclude that there is a variability in the anatomicabpiesetitatCOT,
and we propose that this will correspond with biomechanical differences in the risks and the response to regional irgorieseciiiie
tissue between the COT and the neighbouring structures could be a risk factor for adhesion tearing.
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INTRODUCTION

The injury of Biceps Femoris long head (BFIh) andST is a delicate structure located in the position where most
Semitendinosus (ST) is caused by over-stretching of théthe muscle injuries are observed of the lower limb (Stepien
muscles at the back of the thigh. These are common in spatsl, 2019); therefore, understanding the COT anatomy is
that involve sudden increases and frequent changescmicial for therapeutic planification. These two muscles are
running speed, such as sprinting (Wangensteah 2017), connected by a 7.5 cm long aponeurosis extending from their
and can almost reach one-third of all sports-related injurigsiatic origin (Standring, 2016), while their tendinous
(Sivasundaranet al, 2015). Importantly, they and are thestructure it is described to measure 5 to 6 cm in length
most common injury in professional soccer players (EkstraiiBaturet, 1951). The Semimembranosus (SM) muscle can
etal, 2011), representing 17% of the soccer players injuriég also considered in this common origin (Tukttz, 2016).
from teams under the Union of European Football
Associations (UEFA) and being the most common non- The origin of the COT is an oval area located 4 cm
contact injury in elite football (van Dy#t al, 2018). lateral to the vertex of the ischial tuberosity, with a surface

area of approximately 10 énThe BFIh and the ST and SM

The Common Origin Tendon (COT) of the BFlh andnuscles join in a common tendon approximately at 2 cm to
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their ischial insertion (Neuschwander al, 2015). The purposes signing a form approved by the Human
proximal insertion of these muscles is identified in two aredsxperimentation Ethics Committee of the Universitat
of the ischial tuberosity: an anterolateral insertion for th&utonoma de Barcelona (procedure 2904 approved 27/03/
SM, and a posteromedial insertion for the BFlh and S2015). This 35 lower limbs from cadaveric human samples
muscles. There is a direct connection between the tendomefative for hepatitis B and C and HIV, including just
the BFIh and the sacrotuberous ligament, which has not besamples without signs of surgery in the region of interest.
observed in the case of the ST muscle (8a&h, 2012). In  Bodies were preserved by arterial perfusion of Cambridge
these injuries, the pain is mainly located in the COT regimolution (phenol, ethanol, glycerin and formaldehyde) and
(Lempainenet al, 2009). If some tearing is occurring inmaintained at 6 °C until their use. The average age of the
this area, it is important to elucidate if this tendinous regicsubjects was 786 17.2 years, 48.6 % were male and 51.4
is formed mainly by tendon, muscle and/or connective tissu, female, while 57.1 % of the lower limbs were right legs
indicative of a strong or weaker biomechanical propertiesd 42.9 % were left legs.
to resist over-stretching or tearing events. Pain and adhesions
will be also predictable for the presence of more connective The anatomical dissection was conducted in planes.
tissue within the COT region, which is more prone to formintn the first step, the skin and subcutaneous cellular tissue were
adhesions. Moreover, it is important to consider that the CQ&terally lifted. The dissection started in the gluteal region until
is adjacent to the sciatic nerve. This anatomical relationégposing its deep fascia. A descending section was made in
clinically important as the sciatic nerve is often affected bhe medial aspect of the thigh, extending horizontally to the
injuries to the COT, which causes chronic neuropathy, atateral side of the limb. During this procedure, the fasciae latae
need to be considered in the differential diagnosis of timeuscle was preserved. In order to highlight the origin of the
sciatic nerve disease (Buckradral, 2014). How COT and COT, the gluteal muscle in the proximal third of the thigh was
the sciatic nerve relation also need to be studied in detaikectioned and laterally removed, exposing the fascia that was
covering the ischial tuberosity, as well as the COT, the sciatic
In summary, information about the COT is focusederve, the pelvic muscles and their associated vessels and
on its functional, clinical and anatomical characteristics sucterves. Once the structures were exposed, the anatomical
us its relations and insertions (Satoal; Bucknoret al;  relations between the COT and the sciatic nerve were registered
Neuschwandest al; Tubbset al). However there are aspectsand investigated.
of the COT that need to be reviewed: for instance, its
morphology, structure, histology of the insertion in the ischiginatomical determinations were made as follows:
tuberosity and its anatomical relation with the sciatic nerve.
Importantly, all the clinical implications of these aspectMorphology of the COT: Fibres were classified as muscu-
should also be discussed. lar, tendinous or both, based on their macroscopic
observation.
The aim of this study was to investigate the insertion
of the COT in the ischial tuberosity and the composition dfength of the COT: It was measured placing a tape in the
this structure in human lower limbs. We aimed to identifynidline of the COT insertion at the ischial tuberosity, which
the tendinous, muscular and connective tissues presentvas considered as a proximal reference, and in the
this area all together with the anatomical relation with th@yotendinous junction of the BFIh.
sciatic nerve. The results of this work will help to understand
the morphology of the COT and its functional and clinicaCross section diameter of the COTThe cross-section
implications: including the differential response to injury irdiameter of the COT was measured at three different levels:
this region, regarding vulnerability to tearing, adherendde tendon was divided into three equal portions. The
formation, pain and recovery. thickness of the proximal part of the upper third, the central
part of the middle third, and the distal end of the lower third.

MATERIAL AND METHOD Measurement of the tendinous area in comparison with

the surrounding muscular tissue: One-centimetre thick

cross sections of the COT were obtained at the three levels
Preparation of the specimensThis study investigated 35 (upper third, middle third and lower third). The undersides
lower limbs from bodies donated to the Faculty of Medicinethere then photographed with a 12-Mpx camera on a tripod.
of the Universitat Autbnoma de Barcelona. All the specimerishe photographs were taken 26 cm above the sample. Areas
were collected from persons that had expressed tbeCOT, the BFlh, ST and SM muscles were measured using
willingness to donate their bodies for medical and scientifitmageJ 1.51 software.
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Microscopic examination of the osteotendinous junction conformation showed that this region was formed by
of common origin tendon: The structure of the proximal fibrocartilage of 1.148 mn#(0.715) thick (Fig. 1D, E). The
insertions of the ST muscle and the BFlh in the ischighklcified portion of the fibrocartilage measured 0.542 mm
tuberosity were analysed by histology. Whether thet 0.435), while the uncalcified portion measured 0.606 mm
osteotendinous junction was muscular or tendinous wés 0.354) (Fig. E). We detected similar proportions of the
determined and registered for all the samples. For this, &@lcified vs uncalcified tissue (Fig. 1E), together with their
randomly selected samples were fixed in formalimistological similarities with the rest of the tissue external
decalcified and embedded in paraffin. Sections ofid0 to them, that means, the uncalcified portion with the muscle
were obtained and stained with Masson'’s trichrome. and the calcified portion with the bone (Fig. 1D). This allows
to infer that the COT has a transition tissue to transmit force
Statistical analysis Each measurement was done twice witho the ischial tuberosity, in which the non-calcified
different evaluators. Data obtained from these observatiofilsrocartilage could work together with the muscle, and the
were analysed with SPSS 24.0 software. Ranges, frequencgedcified fibrocartilage with the bony surface of the ischial
measures of central tendencies and standard deviations wakeerosity.
calculated with a confidence interval of 95 %. The COT
specimens were compared with a Tukey’s multiple The morphology of the COT reveals an hourglass
comparison test and ANOVA. In all cases, p<0.05 washape, while the semimembranous tendon is more prominent.
considered statistically significant and represented Bi/hile exposing the COT to perform its macroscopic
asteriscs: *p<0.05; **p<0.01; ***p<0.001. observation, we observed that some loose connective tissue
from the deep face of the gluteus maximus muscle, was
arranged transversely, enveloping the COT, and was exten-
RESULTS ded up to the ischial region. This loose tissue needed to be
removed to allow the observation of the anatomy of the COT
in detail.
The COT is formed by the proximal union of the
tendon of the BFIh and the ST muscles, which reach their The results of the macroscopic measurements of the
insertion in the ischial tuberosity, the tendon of the SM wa3OT were: mean length 67 mm, and the mean cross section
observed how an independent tendon of the COT, being siiameter of the upper third 25.5 mm, medial third 21.7 mm,
parable. In our sample, the composition of the COT was nand the lower third 26.8 mm, presenting a hourglass shape
the same in all cases, presenting variations in morpholodkig. 2A,B Table I). Statistical analysis showed significant
organization and anatomical relations. differences between the cross-section diameters of the three
portions of the COT (Fig. 2B, One way ANOVA p< 0.001).
The conformation of the COT was mainlyTukey multiple comparison tests showed that the average of
musculotendinous in most of the samples. Two differetihe cross-section diameter of the middle portion was
conformations of the COT were observed, one consisting sifjnificantly smaller (p< 0.001) than those of the other two,
a muscle-tendon (Fig. 1A) attachment and the otherhich in turn did not show significant differences between
consisting of the attachment of two tendons (Fig. 1B). them. Interestingly, in 28 of the cases (80 %), the mean
diameter of the central cross-section was around 2 mm less
In the muscle-tendinous conformation of the COThan the diameters at the two thirds. In 3 cases, the mean
the portion corresponding to the BFlh was a tendinouwsameter of the central cross-section was 1 mm less than
structure in all cases (100 %, Fig. 1A, C). In contrast, the SAat at the upper third, and in 4 cases (11 %), the mean
portion was a muscular structure in 32/35 of the cases (9Hiameter of the central cross-section was the same as those
%, Fig. 1B, C), and was attached to the ischial tuberosi&f the two thirds.
throughout a short tendon located medially to the BFlh
tendon (See arrow in Fig. 1A). In the other three cases (8.6 ~ While most of these measurements formed a waist in
%, all males), the ST muscle was completely tendinous two dimensions showing an hourglass shape, the area of the
the COT area (Fig. 1B). COT revealed an cone form: the average area of the upper
third of the COT was 9.7 ninthe area of the middle third
The muscle portion (ST) of the COT was insertetas 16.5 mrf) and the total area of the lower third was 26.5
into the ischial tuberosity through a fibrocartilage and inn¥ (see white columns in Fig. 2C). Measuring which muscle
represented most of its area. Histological microscopigas represented in each third, the data show that the ST is the
analysis of the osteotendinous junction between the CQain component of the COT (Table I). In the case of the SM,
and the ischial tuberosity in the muscle-tendinouthe upper third is morepresented (Fig. 2C, Table 1).
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Fig. 1. Different conformations of the Common Origin Tendon: the musculo-tendinous and the tendinous conformations.
(A-B) Posterior view of the Common Origin Tendon (COT). (A) Musculotendinous conformation. (B). Tendinous
conformation. (C) Distribution of the muscles and tendons in both conformations. (D) Trichrome staining in histological
longitudinal section at the level of the COT insertion in the ischial tuberosity (Masson'’s trichrome staining modified by
Goldner), showing that a fibrocartilage form the connection between the muscle and bone in the musculotendinous
conformation. In the dense regular conjunctive tissue of the tendon, the arrow indicates the fibroblast nucleus; in the
uncalcified portion of the insertion fibrocartilage, the arrow indicates the chondrocyte nucleus; in the calcified portion of
the insertion fibrocartilage, the arrow indicates the chondrocyte nucleus and finally the bone tissue comes from the ischial
tuberosity. (E) Proportions of the fibrocartilage in this region. BFlh = Biceps Femoris long head muscle, ST = Semitendinosus
muscle, IT = Ischial Tuberosity. Arrow = Short tendon of the ST. Scale bars: A-B = 1cm; D100

The anatomical organization of the COT is variablgFig. 3A). In 8 cases (22.9 %), the muscular fibres of ST
and influences its anatomical relations. Regardingrigin were observed on the surface of the COT, covering
positioning of the structures that make up the COT, in 2Re tendon of the BFlh (Fig. 3B). In these cases, the tendon
cases (77.1 %) the tendon of the BFIh muscle was locatefdthe BFIh was deeply embedded in the muscular fibres,
laterally to the tendon or muscular fibres of the ST muschaut always positioned laterally, which could be verified by
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Fig. 2. The Common Origin Tendon has an hourglass shape. (A) Posterior view of the COT, the length and cross-section
measurements and their respective lower view of three cross-section cuts of the COT at the levels of the upper, middle and
lower third. (B) Graph of the quantifications represented in A, in which a hourglass shape is detected. (C) Muscular area of
the region separated by muscles and the total area. The SM tendon area contributes more to the COT level compared to the
ST and BFIh. BFlh = Biceps Femoris long head, ST = Semitendinous.

observation and palpation. It was also confirmed that in these We investigated the anatomical relation between
cases the union of the two muscles happened in the proxir@@T and the sciatic nerve. The sciatic nerve was located
third of the thigh, to a distance of 67 mm¥2) from the laterally to the COT, and covered by transversally arranged
ischial insertion (Fig. 1B). The cross-linking of the ST muscleonjunctive tissue that comes from the fascia of the BFlh
fibres on the surface of the COT was determined, leavirigig. 3A,B). This tissue was different from that coming from
the tendon of the BFlh anteriorly or laterally positioned inhe gluteus maximus. This connection causes the
relation to ST muscle (Fig 3A, B). The posterior localizatiodisplacement of the nerve when the COT is pulled. The nerve
of the ST muscle in relation with the BFlh is atypical, due torosses deeply to the muscular belly of the BFIh, identifying
normally the ST is medially located to the BFIh. connective tissue between these two structures. The COT
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CHT relationships

Fig. 3. The inferior third of the Common Origin Tendon is in relation with the sciatic nerve. Posterior view of
the Common Origin Tendon, where two forms can be observed of the anatomical structural organization of the
COT. (A) Shows the BFIh located laterally to the ST muscle. (B) Shows the BFIh, located anterior to the ST
muscle. BFlh = Biceps Femoris long head muscle, ST = Semitendinosus, sn = sciatic nerve, IT= Ischial tuberosity
covered by conjunctive tissue. CT=conjunctive tissue, which covers the COT. Scale bar =1 cm

Table I. Measurements of the common origin tendon of th&as also related to the gluteus maximus near its insertion in

biceps femoris and semitendinosus muscles. the ischial tuberosity interposing adipose tissue between both
Common tendon Min. Max. Mean SD  Structures (see CT inFig. 3A, B). In the medially localization
Length (mm) 43 95 67 12 of the ST in the COT, the sciatic nerve get close to a tendon
Cross section diameter (mm) ~ Min. Max. Mean SD  (Figure 3A), while in the posterior localization of the ST in
Upper third cross section 15 34 255 43  the COT is close to a muscle (Figure 3B).
Middle third cross section 13 31 21.7 43
Lower third cross section 17 37 26.8 4.6
ST area in the COT (mm?) Min. Max. Mean SD DISCUSSION
Upper third 32 123 6.9 2.5
Middle third 53 236 128 41
Lower third , Ab328 195059 The injuries of the BFIh and ST is the most common
BFlharea in the COT (mm’) Min. Max. Mean SD . . .
Upper third 12 48 23 08 ;pgrtg-related lower-limb muscular Ies!o_n, arjd tr_\e COT in-
Middle third 1 6.9 37 14 Juriesisthe mostcommon non-contact injury in elite football
Lower third 35 14 7 2o (van Dyket al). It is particularly common among athletes
Total area COT (mm?) ST BFIh Total SD  that make forced hip flexion at the same time as extending
Upper third 6.9 2.8 9.7 29  the knee, as when sprinting, kicking or jumping. In many
Middle third 12.8 3.7 16.5 47  cases, the consequences of this injury implies the temporal
Lower third 19.5 7 265 7.3  cessation of the sport practice, and has a high rate of
Total area SM (mm?) Min. Max. Mean SD recidivism (12% - 32%) (Elliotet al, 2011). Prevention of
Upper third 25 127 6.3 27  this injury is achieved through a correct planning of the
Middle third 1.8 9.1 3.5 14 physical activity, which gradually allows these muscles to
Lower third 0.8 3.6 2.2 0.7

resist the demands of the sport. Consequently, anatomical
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knowledge of this muscular group is necessary to identifjile average areas measured at different levels of the COT.
individual risks and develop preventive protocols, and, i@verall, the ST muscle in all levels it had an area larger than
case of injury, to support adequate treatment to avoide BFlh, represents 74.1 % of the COT and the BFlh only
recurrence. 25.9 % (average of three areas indicated in the Table I). It is
also interesting to note that there was a proximal decrease
Few works have studied the anatomicalefthe area of the COT, inversely proportional to the increase
morphological structure of the COT. Most of the researabf the area of the SM tendo (Fig. 2C, Table I), this could be
refers to the area of insertion of COT on the surface of ti@erpreted as a way to compensate the muscular component
ischium or these clinical and fuctional importance. Moreoveof the ST, providing connective tissue to support the tensile
this anatomical structure does not have an official term nequirements.
the International Anatomical Terminology (Federative
International Programme for Anatomical Terminology, When the COT was tendinous, it was inserted directly
2019). When searching reliable databases such as "PubMéual'the ischial tuberosity on top of its fibers. In contrast, if
hundreds of works appear under the concepts of "hamstrithg conformation was musculotendinous, the muscular fibres
proximal”, "hanstring proximal tendon”, "origin of the reached the tuberosity and were inserted through
hamstring tendon” etc. to refer to the common tendon of tlfibrocartilage that transmits the force between the bone and
BFlh and ST. There is no an anatomical term such as fibore muscle, and that during ossification of the ischial
example "conjoint tendon” that can include all thestberosity may not have enough strength to support the
descriptions, which would facilitate the work of researcherssaction of the COT (Fig. 1D). This observation could be
teachers and clinicians interested in this topic, being relegatedated to avulsion injuries that occur with certain frequency
to the anatomical term by descriptions that seek to explaamong adolescents (Beltraat al., 2012) in which
something referred to this structure. For this reason, we belidwgperflexion of the hip is combined with the extension of
it is necessary to give the COT an official anatomical termthe knee (van der Madk al, 2019).

It is important to highlight that we discovered that Also, we confirmed the presence of transversally
this anatomical structure was normally musculotendinouatranged conjunctive tissue that covers the COT, which has
rather than solely tendinous. This has functional and cliniceéen described, as a “retinaculum” that was considered a
implications, due to the tendon and the muscle have differergk factor for tear by adhesion (Pérez-Bellmetrdl, 2015).
biomechanical characteristics: the tendon is designed to redikts suggests that if the COT is musculotendinous, the risk
tension in one or multiple traction angles, while thef tearing by adhesion is greater than it is only tendinous,
contractile properties of the muscle allow its fibers tonoreover in 22.9 % of cases, ST muscle fibres covered the
lengthen or shorten (Neumann, 2010). The highlighteadndon surface, increasing the risk. When the ST muscle is
difference can be detrimental to its tensile efficiency becauseperficial to the BFlIh, the proximity of the gluteus maximus
of the difference in elongation coefficients between theuscle to the COT is important. However, due to the amount
muscle vs the tendon (Hameit al, 2015). It has been done of connective celluloid adipose tissue between them,
the biomechanical description of the stress and force cunesthesion injuries are less likely to occur. A COT tear tends
of the tendons and ligaments, explaining that the initiad compromise the sciatic nerve with which it shares a
tension of the tendon is followed by an elastic phase in whiclonjunctive connection (Bucknet al), which give rise to
the tendon is able to progressively adapt to the applied loa&urological symptoms in 28 % of cases (Wilstral.,
maintaining a linear relation between load and stress. Th2§17), causing denervation of the muscles innervated by the
when the pulling force is removed, the tendon recovers #siatic nerve (Aggen & Reuteman, 2010), and alterations in
original length and shape, demonstrating that this elastensitivity. Also, it has been described that the impairment
recovery contributes to mobilize the segment in movemeint the sciatic nerve conductivity may exist in athletes with
(Oatis, 2009). In contrast, the mechanical response of trepeated stress injuries to this tendon (Kouebél, 2017),
muscle is regulated by nervous stimulus (Enoka, 2015). Rehich should be considered in athletes who have had mus-
this reason, and from a biomechanical point of view, theular denervation as a consequence of a avulsion of the
behaviour of the COT differs depending whether it iproximal tendon (Stepieat al). This indicates that the
tendinous or musculotendinous. When the conformation aatomical relation between the COT and the sciatic nerve
tendinous, the COT'’s tension work is more efficient, witls clinically relevant, mainly at the level of the lower third
more competent levers and torques, whereas when tifehis tendon (Fig. 3) which as observed in this study, the
conformation is musculotendinous, a part of the tension wo@OT has its largest cross section diameter, the contact surface
is replaced by contractile work, making it less efficient imvith the sciatic nerve is greater and has been described as
mechanical terms. This is very important when considerirte most frequent site of injuries (van der Matlal, 2015).
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