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Introduction

Semitendinosus (ST) muscle is among the hamstring 
muscles, which are located in the back of thigh region. As the 
name suggests, the ST muscle partly consists of tendon mor-
phology. Its tendon begins approximately at two-thirds of the 
back of thigh [1]. This muscle has its proximal attachment 
at the ischial tuberosity and distally inserts into the deeper 
layer of medial surface of superior part of tibia as a part of pes 
anserinus [1, 2]. The pes anserinus includes the tendinous 
insertions of Sartorius, gracilis and ST muscles. The tendon of 
ST muscle has its clinical application as the autograft in vari-
ous surgeries. The ST muscle tendon autograft has been used 
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Abstract: The purpose of this study was to determine the length of the semitendinosus muscle belly and its tendon in South 
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human cadaveric lower limbs. The length of the semitendinosus muscle belly and its tendon were measured. The neurovascular 
pedicles of the semitendinosus muscle were identified and counted. The diameter of the neurovascular pedicle was measured 
just before its entrance into the semitendinosus muscle. The topographical distance of the neurovascular pedicles from the 
origin of the semitendinosus muscle were determined. The mean length of the semitendinosus muscle belly was 332.3±36.1 
mm and its tendon measured 154.8±31.9 mm. The mean diameter of the vascular pedicle was measuring 11.4±9.1 mm, just 
before its entrance into the semitendinosus muscle. The neurovascular pedicles, of the semitendinosus muscle were ranging 
between 1 and 7. The distance of the entrance of neurovascular pedicle to the semitendinosus muscle from its origin was ranging 
between 46 and 272 mm. It was observed that the neurovascular pedicles were highest (31%) at the range of 151‒200 mm away 
from the ischial tuberosity. The morphometric data obtained in the present study is enlightening to the orthopedic and plastic 
surgeons. The topographical knowledge of the neurovascular pedicles has its implications during the harvesting of the grafts 
and pedicle flaps. The diameter of vessels in the pedicles is enlightening because of new method of anterior cruciate ligament 
reconstruction.
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for the anterior cruciate ligament reconstruction [3, 4]. The 
ST muscle tendon graft is also used to reconstruct the tears 
of tendo-calcaneus [5]. The ST muscle allografts have given 
the good results in the reconstruction of lateral ligaments of 
ankle joint as well [6]. It was described that the preoperative 
knowledge of ST muscle tendon length will help the operating 
surgeon in choosing the alternative grafts [3]. 

The challenges in this procedure are variability in the 
length and thickness of the ST muscle tendon graft and the 
graft harvesting [7, 8]. The ST muscle graft can be harvested 
as double, triple or quadruple forms or in association with the 
gracilis tendon and other combinations [3]. The topography 
of the entrance of neurovascular pedicles into the muscle is 
impor  tant to the operating plastic surgeons, while choosing 
the flaps [9]. It has been reported that, during the plastic sur-
gery, proximal part of the muscle will be incised just superior 
to the entrance of its vascular pedicle and the superior margin 
of the flap will be elevated proximally [9]. However, in spite 
of the clinical implications, there are only few studies be-
ing reported about the morphometry of the ST muscle. The 
anatomical studies about the neurovascular pedicles of ST 
muscle from South Indian population are not being reported. 
The diameter of neurovascular pedicles is of interest because 
of the recent method of the reconstruction of the anterior 
cruciate ligament with a pedicle graft. It was described that 
the harvesting of graft may be sometimes difficult, because 
of lack of reports in the literature from an anatomical point 
of view, which can escort and help their harvesting [10]. In 
this context, the purpose of the present study was to provide 
the morphological database of the ST muscle, its tendon and 
its neurovascular pedicle from the South Indian population, 
which can be utilized by the operating surgeon during the 
procedures like reconstructions of anterior cruciate ligament, 
ligaments of the ankle joint and the tendo Achilles.

Materials and Methods

The present study included 46 formalin fixed adult hu-
man cadaveric lower limbs, of them 26 were right sided and 
18 were left sided. The anatomical specimens which were 
utilized for the teaching of first year medical students were 
used for the present study. The cadavers were donated bod-
ies and unclaimed bodies at the government hospital. They 
were received at the department of anatomy as per the ethical 
committee guidelines of our institution. The lower extremi-
ties were already disarticulated and were stored in a formalin 

tank. Because of this, the age and gender of the cadavers, 
could not be determined. Specimens with congenital deformi-
ties like genu valgum, genu varum and below knee amputated 
specimens were excluded from the present study.

The length of the ST muscle belly and its tendon were 
measured as separate. The length of the muscle belly (AB) was 
measured at the midpoint from its origin from the ischial tu-
berosity (A) until its transition (B) as the tendon (Fig. 1). This 
measurement was performed by using a measuring tape. The 
length of the tendon of the ST muscle (BC) was measured at 
the midpoint from its transition zone as tendon (B) until its 
insertion into the supero-medial surface (C) of the tibia at the 
pes anserinus formation (Fig. 1). This tendon length measure-
ment was performed by using the cotton thread. The mea-
surements were taken at the midpoint as the border between 
ST muscle belly and its tendon was obscured. The diameter of 
neurovascular pedicle was measured by using the digital Ver-
nier caliper (Mitutoyo Corporation, Kawasaki, Japan).

The number of neurovascular pedicles entering into the ST 
muscle (Fig. 2) were counted in each lower limb and distance 
of them from the origin of the ST muscle were measured. For 
the study purpose, the ST muscle was divided into 6 equal 
parts (50 mm each) to observe the site of entrance of neuro-
vascular pedicle. This helped us to analyze the site of entrance 
of the neurovascular pedicle into the ST muscle. This mea-
surement was performed by using the measuring tape. The 

Fig. 1. Measurements performed in the present study (AB, length 
of semitendinosus [ST] muscle belly; BC, length of semitendinosus 
muscle tendon). The border between the ST muscle belly and its ten
don (point B in this picture) was oblique in morphology and serrated.



Morphology of semitendinosus and its pedicles

https://doi.org/10.5115/acb.2018.51.1.1

Anat Cell Biol 2018;51:1-6 3

www.acbjournal.org

data were tabulated (Table 1). 
Each of the measurements were performed by three au-

thors of the present study, to prevent the observer bias. The 
average of the three measurements were obtained and tabu-
lated for the data analysis. 

The length of the ST muscle belly and its tendon were 
tabulated separately for the right and left sides. The statistical 
comparison was performed by using the paired t test.

Results

The present study observed that the border between the 
ST muscle belly and its tendon (transition zone) was ob-
scured. The border was not transverse in morphology but 
it was oblique and serrated. The ST muscle belly measured 
332.3±36.1 mm as its mean length and its tendon measured 
154.8±31.9 mm (Table 1). The data are given in their frequen-
cy of range in Table 1.

The number of neurovascular pedicles of the ST muscle 
were ranging between 1 and 7. The frequency of number of 
neurovascular pedicles entering into the ST muscle are ana-
lyzed and represented in Fig. 3. The distance of the entry of 
neurovascular pedicle to the ST muscle from ischial tuber-
osity was ranging between 46 to 272 mm. The frequency of 
range of distance of neurovascular pedicles from the origin of 
ST muscle (from the ischial tuberosity) is being represented 
in Fig. 4. It was observed that the neurovascular pedicles 
were highest (31%) at the range of 151‒200 mm away from 
the ischial tuberosity. They were least (2%) at the initial 1‒50 
mm and last 251‒300 mm, from the origin of the muscle. The 

diameter of the neurovascular pedicle was ranging between 2 
and 42 mm and the mean was 11.4±9.1 mm. This was at their 
entrance into the ST muscle.

The statistical comparison (paired t test) of the length of 
ST muscle belly and its tendon over the right and left sides 
(Table 2) was not significant (P>0.05). This is being repre-
sented in Table 2.

Fig. 2. Neurovascular pedicles (arrows) entering into the semitendi
nosus (ST) muscle.

Table 1. Morphometric data obtained in the present study
Parameter Mean±SD (mm) Range (mm)

Length of ST muscle belly 332.3±36.1 222‒434 
Length of tendon of ST muscle 154.8±31.9 73‒229

ST, semitendinosus.

1 (2%)

6 (14%)

14 (32%)

2 (4%)

21 (48%)

One pedicle

Two pedicles

Three pedicles

Four pedicles

More than four pedicles

Fig. 3. Frequency of number of neurovascular pedicles entering into the 
semi tendinosus muscle (n=46).

16 (24%)

21 (31%)
17 (25%)

11 (16%)

1 (2%)1 (2%)

1 50 mm

51 100 mm

101 150 mm

151 200 mm

201 250 mm

251 300 mm

Fig. 4. Frequency of distance of neurovascular pedicles entering into 
the semitendinosus muscle from the ischial tuberosity.
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Discussion

The tendons of the medial hamstring muscles are used as 
a source for auto graft, in the reconstruction of anterior cru-
ciate ligament of the knee joint [11]. The ST muscle tendon 
graft is known to give powerful strength, because of its length 
and it is more suitable to bridge the larger gaps [5]. It has been 
reported that the remaining portion of the ST muscle tendon 
regenerates after few years of harvesting the graft from it. 
Cross et al. [12] were the first to opine the higher chances of 
regenerative power of the ST muscle after its harvest. The mi-
croscopic appearance of regenerated tendon was same as that 
of the non-harvested ST muscle tendon on the contralateral 
limb [13]. It has also been radiologically observed, that the ST 
muscle tendon has a greater prospective to rejuvenation after 
its elimination [14]. The ST muscle tendon graft is preferred 
over the patellar tendon graft, because the harvesting of ST 
muscle tendon is easier with a tiny incision. There will be very 
minimal post-surgical pain at the graft donor area. There is 
very minimal discomfort at the movements of the knee joint 
and the long-term clinical results are excellent [15]. For the 
anterior cruciate ligament reconstruction, the ST muscle graft 
is usually tripled or quadrupled. This needs a graft of not only 
acceptable width, but also suitable length [4].

Reboonlap et al. [4] have reported that the ST muscle ten-
don graft length, which is required for the anterior cruciate 
ligament reconstruction ranges between 218 and 337 mm in 
Thai population. Since the graft length is proportional to the 
height of the person, it is advisable to prepare the graft with 
respect to the height of the person. The radiological investiga-
tions like computed tomography and nuclear magnetic reso-
nance can be performed to forecast the length and diameter 
of the grafts, before the surgical procedure [3]. The mean 
length of the ST muscle tendons was 235±20 mm in a Japa-
nese study [16]. It was reported that the tendon of ST muscle 
measured 263 mm in length, in a study performed from Aus-
trian population [17]. The mean length of ST muscle tendon 
in a Brazilian study was 287.5±29.1 mm [3]. The length of 
ST muscle tendon in male and female were 243.3 and 218.9 
mm, respectively, in a Thai population study performed by 

Limitlaohaphan et al. [18]. They opined that the leg length 
can be used to predict the graft length. The comparison of 
the length of the ST muscle tendon of the present study with 
the previous reports from other population groups is given in 
Table 3. The present investigation from South Indian popula-
tion observed that, the mean length of the ST muscle tendon 
was 154.8±31.9 mm. This length of ST muscle tendon, ranged 
between 73 and 229 mm. This is lesser in comparison to the 
previous reports from Brazilian, Japanese, Austrian, and Thai 
populations (Table 3), but our data is similar to the measure-
ment from Nigerian population (Table 3), in which the mean 
length of the ST muscle tendon was 116.8 mm [19]. We be-
lieve that the smaller length of the ST muscle tendon in the 
present study could be because of the racial variations and 
also because of the variation in the measurement performed. 
The previous authors [3, 16-18] might have included the 
extension of the ST muscle insertion (pes anserinus at the 
superomedial part of the anterior surface of tibia) as well. We 
did not include this measurement, as we considered the pes 
anserinus as the conjoint tendon formed by sartorius, gracilis, 
and ST muscles. We clarify with the data of the present study 
that, pes anserinus cannot be included as the length of the 
tendon of ST muscle as it is a confluence of musculotendinous 
structures. The present study used the cotton thread for the 
measurement of the tendon of ST muscle, because the tendon 
was not straight and it was directed anteriorly. The previous 
authors used the Vernier caliper to measure the tendon of 
ST muscle. We believe that, these may be the reasons for the 
smaller dimension of the length of ST muscle tendon being 
observed in the present study in comparison to the previous 
reports. 

The avulsion of the hamstring origin of ST muscle is a very 
rare injury and can happen in young athletes. It can cause sig-
nificant amount of morbidity. In chronic cases, the primary 
repair may not be possible because of the retraction of muscle 
mass [20]. Muellner et al. [20] reported a novel operation 
procedure to reconstruction this type of chronic avulsion by 

Table 2. Comparison of the right side versus left side
Mean±SD (mm)

P-value
Right muscle Left muscle 

ST muscle belly 331.9±39 332.7±33.2 0.91
ST muscle tendon 153.1±35.8 156.5±28 0.39

Paired t test; statistically not significant (P>0.05). ST, semitendinosus.

Table 3. Comparison of the length of ST muscle tendon among various 
population 

Population studied Length of ST muscle tendon (mm)
Japanese [16] 235±20
Austrian [17] 263 
Thai [18] 230±95 
Nigerian [19] 116.8 
Brazilian [3] 287.5±29.1
South Indian (present study) 154.8±31.9 

ST, semitendinosus.
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using contralateral ST muscle autograft.
The neurovascular pedicles are of interest to the plastic 

and reconstructive surgery. Since the data are not available 
about the neurovascular pedicles of ST muscle, the present 
study was performed in South Indian population. The ST 
muscle is considered as the best, for the reconstructive sur-
gery in comparison to the long head of biceps femoris due 
to its topography of vascular and nerve supply [21]. The ST 
muscle was used to reconstruct the anal sphincter since it has 
plenty of arterial and nerve supply [21]. It has been reported 
that any graft harvesting procedure involving the fleshy part 
of ST muscle should preserve its arterial supply [22]. The ST 
muscle receives its arterial supply through the medial cir-
cumflex femoral artery pedicles, near its origin and there are 
also pedicles given from the second perforating branch of the 
femoral artery. The ST muscle receives its nerve supply from 
the sciatic nerve as two motor branches [21]. These arteries 
and nerves together constituted the neurovascular pedicle in 
the present study. In a canine model study, it was observed 
that ST muscle can withstand its arterial supply from anyone 
of its neurovascular pedicles, which supports its possible 
clinical use as the muscle flap [23]. In another animal study, 
it was reported that the superior part of the ST muscle was 
considered as the best for transfer in the treatment of larger 
wounds as a pedicle flap [24]. The present study supports this 
opinion, because the neurovascular pedicles were more in 
number at the superior part of the ST muscle. Guelinckx et al. 
[25] reported that construction of a muscular cuff around the 
anal sphincter can task as a regular anal sphincter in patients 
suffering from fecal incontinence. This is possible because of 
the better neurovascular pedicle of the ST muscle.

Advanced surgical techniques like microsurgery have led 
to the complex, compound and composite pedicle flap pro-
cedures. Because of the novel and rapidly evolving era of the 
perforator flaps, there is no perfectness about the terminology 
and nomenclature, which creates a lot of confusion in the sur-
gical literature [26]. In this context, the present study aimed to 
observe the morphology of the entrance of the neurovascular 
pedicles into the ST muscle. These findings are being hypoth-
esized to give topographical idea to the operating surgeon 
about the exact location of nerve and artery entering into the 
ST muscle.

The present study observed that, 48% of the ST muscles 
have solitary neurovascular pedicle and 32% had double neu-
rovascular pedicles. The neurovascular pedicles were highest 
(31%) at the distance of range of 151‒200 mm away from the 

ischial tuberosity. The pedicles were few (2%) in the initial 
1‒50 mm from the origin of the muscle and in the terminal 
251‒300 mm of the muscle. It was obvious that the neurovas-
cular pedicles were distributed all over the muscle, however 
their number were less near the origin of the muscle and also 
at the transition zone near the beginning of its tendon. So, 
the pedicle flap can be taken from any location of ST muscle 
other than these terminal end parts.

We believe that the present study has provided the novel 
data about the diameter of the neurovascular pedicles en-
tering the ST muscle. This diameter is important to the ar-
throscopic surgeon, because ST pedicle flaps are used as a 
graft, during the anterior cruciate ligament reconstruction. 
The present investigation reported the mean length of the ST 
muscle belly from South Indian population. The ST muscle 
tendon length was also documented in this study, and the 
topographical distribution of neurovascular pedicles of the ST 
muscle was studied. The present study involved the measure-
ment of the distance of the neurovascular pedicle from the 
origin of the muscle. The topography of the entry of neuro-
vascular pedicles into the ST muscle is clinically important. 
For the study purpose, the ST muscle was divided into 6 equal 
parts (50 mm each) to observe the site of entry of pedicle.

It is believed that the morphometric data reported in the 
present investigation will be helpful to the orthopedic and 
plastic surgeons. The data have implications during the har-
vesting of grafts and pedicle flaps. The data are imperative to 
the orthopedician, during the surgical procedures like ante-
rior cruciate ligament and Achilles tendon reconstruction. 

The data about the ST muscle were not available from 
South Indian population and this manuscript provides the 
novel information. We believe that the morphometric and 
topographical data of the present study can be used as an 
anthropological database of the ST muscle of South Indian 
population. This data can be used for global comparison 
across the world. The present study provides the diameter of 
neurovascular pedicles entering the ST muscle, which is being 
reported for the first time and considered as a novel data. This 
is important to the arthroscopic surgeon during the anterior 
cruciate ligament reconstruction. It was observed that the 
pedicles were few in number near the origin of the ST muscle 
and at the transition as tendon. This knowledge about the 
neurovascular pedicles is enlightening to the plastic surgeon.
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