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Abstract
Purpose  The pes anserinus (PA) is characterized by high morphological diversity. As the semitendinosus and gracilis muscle 
tendons are routinely harvested for the reconstruction of other tendons, especially the anterior cruciate ligament (ACL), it is 
of clinical importance. The presence of accessory bands within PA tendons can handicap the harvesting process. Therefore, 
the purpose of the study was to suggest a new morphological classification of the PA morphology.
Methods  Classical anatomical dissection was performed on 102 lower limbs (56 right, 46 left) fixed in 10% formalin solu-
tion. The morphology and insertion of the PA (including accessory bands) were assessed, and morphometric measurements 
were taken.
Results  In all cases, the PA was present and composed of the sartorius, gracilis and semitendinosus tendons. Six types of 
PA were distinguished based on the presence of accessory bands. The most common composed of monotendinous sartorius, 
gracilis and semitendinosus—54 limbs (52.9%). Additionally, three types of insertion were noted (short, band-shaped and 
fan-shaped). The mean length between the insertion and the origin of the accessory bands to the fascia of the gastrocnemius 
muscle was 63.5 mm.
Conclusion  The morphology of the PA was highly variable. The gracilis and semitendinosus tendons often had accessory 
bands that would complicate the harvesting process. The planning of surgical procedures may be improved by our proposed 
classification.
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Introduction

The pes anserinus (PA) is anatomically defined as the con-
joined tendons of three muscles that insert onto the antero-
medial surface of the proximal part of the tibia. It is com-
posed of the sartorius tendon (ST), gracilis tendon (GT) and 
the semitendinosus tendon (STT). In their distal part, near 
the insertion, the Anserinus plate is formed by the fusion 
of the tendons with the fascia of the leg. This tendon plate 
consists of superficial and deep layers, which both have an 
insertion on the medial side of the tibial tuberosity. The 
superficial layer is formed by the sartorius tendon, while 
the deep one is formed by the gracilis and semitendinosus 
tendons.

Previous studies have discussed the variability of the 
muscles and tendons present in the lower limb; however, 
the degree of variation in the PA is of major clinical 
importance due to its role as a source of grafts [1, 2, 9, 
10, 14, 16, 17]. The most common variation lies with the 
accessory tendinous band, departing from the gracilis and/
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or semitendinosus tendon [1, 2, 9, 14, 16]. Their number 
varies individually [7, 14]. During embryological develop-
ment, adhesions or accessory bands may occur between 
anatomical structures such as the tibial collateral liga-
ment, superficial fascia, gastrocnemius aponeurosis and 
surrounding connective tissue layers [7, 14].

A strong autograft can be created with hamstring ten-
dons. The semitendinosus and gracilis, in particular, are 
commonly grafted for the reconstruction of the anterior 
cruciate ligament (ACL) [1, 2, 9, 14, 16], medial knee 
reinforcement [1, 9], reconstruction of the patellar reti-
naculum after patellar subluxation, and for repairs to the 
patellar tendon after rupture [1]. Nevertheless, compli-
cations associated with PA tendon grafting have been 
reported, with the most common being tendon rupture 
[8]. In our opinion, one of the causes may be anatomical 
variations in this region.

Previous studies have described only variations, includ-
ing the presence of accessory bands within the semiten-
dinosus tendon [2, 9, 14, 16]. Accessory tendinous bands 
can be present in all PA tendons is our hypothesis. The aim 
of the study is to characterize variations in the morphology 
of PA tendons and their accessory bands. Second, to create 
a classification that can assist during the planning proce-
dure of tendon grafting, particularly, adjusting a grafting 
technique to different types of the PA.

Materials and methods

One hundred and two (56 right, 46 left) lower limbs fixed 
in 10% formalin solution were obtained from adult Cau-
casian cadavers. The median age of the cadavers was 
61 years (35–88).

A dissection of the thigh and the crural region was per-
formed using traditional techniques according to a strictly 
specified protocol [10–12]. Upon dissection, the following 
morphological features of the PA were evaluated:

•	 Types of PA morphology—including number of bands 
creating the PA.

•	 Types of the PA insertion (short, fan-shaped or band-
shaped) and their location. To better characterize the 
exact location, measurements were taken of the inferior 
distance (line A) and medial distance (line B) to where 
the tibial tuberosity attaches to the structure (Fig. 1).

•	 The morphometric characteristics of tendon bands, 
such as their length and thickness, were measured, as 
were the crus length and distance between the insertion 
of the PA and the tibial tuberosity, the distance between 
the insertion of the PA and the origin of the accessory 
bands.

The first two sets of features were used to create a classifi-
cation of the PA. They were chosen as the most important for 
the grafting procedure, particularly using a tendon stripper.

An electronic digital caliper was used for all measure-
ments (Mitutoyo Corporation, Kawasaki-shi, Kanagawa, 
Japan). Each measurement was carried out twice with an 
accuracy of up to 0.1 mm.

The study procedure was approved by the Medical Uni-
versity of Lodz Bioethical Commission (Agreement No. 
RNN/297/17/KE).

Statistical analysis

The statistical analysis was performed using Statistica 12 
software (StatSoft Polska, Cracow, Poland). A p value 

Fig. 1   Schematic drawing of the pes anserinus and the potential line 
between tibial tuberosity and insertion of the pes anserinus. Red line 
indicates distance A—distally to the tibial tuberosity. Black line indi-
cates distance B—medially to the tibial tuberosity. lhVL lateral head 
of the vastus lateralis, mhVM medial head of the vastus medialis, RF 
rectus femoris muscle, P patella, PT patellar tendon, TB tibial tuber-
osity, SM sartorius muscle, ST semitendinosus tendon, GM gracilis 
muscle, GT gracilis tendon, STTM, STTM semitendinosus muscle, 
STT semitendinosus tendon, GM gastrocnemius muscle
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below 0.05 was considered significant. The results are 
presented as mean and standard deviation, as well as the 
smallest and largest values, unless otherwise stated. The 
Chi2 test was used to compare the difference in the mor-
phology of the PA between sexes and body sides.

Continuous data were checked for normality with the 
Shapiro–Wilk test. As the data was found to be not nor-
mally distributed, the Mann–Whitney test was used to 
compare the anthropometric and morphometric measure-
ments between two muscles or two types of attachment. In 
case of multiple comparisons, the Bonferroni correction 
was applied. In the tables, the values underlined in red 
indicate significant differences.

Results

Variation in morphology of PA components

In 102 lower limbs (46 left and 56 right) the PA was dis-
sected. Forty limbs were derived from females and 62 
from males.

Based on the distribution of tendons and accessory 
bands six types of PA were differentiated:

1.	 Type 1-1-1 monotendinous ST, GT, STT. Present in 54 
limbs (52.9%) (Fig. 2).

2.	 Type 1-1-2 monotendinous ST and GT and one accessory 
band from STT. Present in 32 limbs (31.4%) (Fig. 3).

3.	 Type 1-1-3 monotendinous ST and GT and two acces-
sory bands from the STT. Present in nine limbs (8.8%) 
(Fig. 4).

4.	 Type 1-2-3 monotendinous sartorius, one accessory band 
from the gracilis and two accessory bands from the sem-
itendinosus. Present in one limb (1%) (Fig. 5).

5.	 Type 2-1-2 one accessory band from sartorius, a single 
band from the gracilis and one accessory band from the 
semitendinosus. Present in two limbs (2%) (Fig. 6).

6.	 Type 2-2-3 every muscle had one accessory band, one 
accessory band from sartorius and the gracilis, and two 
accessory band from the semitendinosus. Present in four 
limbs (3.9%) (Fig. 7).

Type and location of insertion

Three types of insertion could be distinguished (Fig. 8a–c).

7.	 Short a short tendinous extension of the elongated mus-
cle belly.

8.	 Band-shaped typified by an insertion less than two times 
wide than the tendon above.

Fig. 2   Type 1-1-1 insertion of the pes anserinus. Medial view of the right lower limb. ST sartorius tendon, GT gracilis tendon, STT semitendino-
sus tendon
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9.	 Fan-shaped the insertion is at least twice the width of 
the tendon above.

Distribution of types of tendons insertion according to the 
type of band are presented in Fig. 9.

Morphometric measurements

Morphometric measurements did not differ between sexes 
(Supplementary Table 1). The findings regarding the acces-
sory bands are as below.

Gracilis tendon

The point at which the accessory band departed from the GT 
was 29.8 mm below the muscle belly for the fan-shaped type 

and 31.8 mm for the band-shaped type. The length of the 
first accessory band was 22.0 mm in the fan-shaped type and 
25.8 mm in the band-shaped type. These parameters were 
not significantly different (Supplementary Table 2).

Semitendinosus tendon

The first accessory band emerged from the muscle belly at 
a mean distance of 82.4 mm for the fan-shaped type, and 
99.1 mm for the band-shaped type. The mean length of the 
first accessory band was 39.4 mm in the fan-shaped type, 
and 34.1 mm in the band-shaped type.

The second accessory band emerged from the muscle 
belly at 107.9 mm in the fan-shaped type, and 119.5 mm in 
the band-shaped type; its length was 33.1 mm for the fan-
shaped type, and 22.1 mm for the band-shaped type. These 
parameters were not significantly different (Supplementary 
Table 2).

The mean length of the semitendinosus tendon between 
the insertion and the origin of the accessory band to the gas-
trocnemius muscle was 63.5 mm: 70.1 mm in the fan-shaped 
type and 49.9 mm in the band-shaped type (Supplementary 
Table 2).

Detailed information on the morphology of the insertion 
of the gracilis and semitendinosus muscles is presented in 
Table 1. Data presenting the localization of the insertion 
with regard to tibial tuberosity type is presented in Table 2.

The insertion was significantly wider for the semiten-
dinosus tendon than the gracilis tendon (p = 0.0000). For 
the fan-shaped type insertion, the thickness of the tendon at 
the extension point was significantly greater in the gracilis 
muscle than the semitendinosus muscle (p = 0.0144). At the 
myotendinous junction, the semitendinosus tendon was sig-
nificantly wider than the gracilis tendon (p = 0.0000).

Discussion

The most important input of the present work is the sys-
tematic classification of the PA accessory bands and their 
insertion type.

Relatively little is known about the accessory bands of 
hamstring tendons. In addition, no classification of the PA 
has been drawn up, which would assist the planning of sur-
gical procedures in this area. Previous anatomical studies 
on cadavers described only their variation with regard to 
the occurrence of accessory bands of the semitendinosus 
muscle [2, 9, 14, 16]. Alternatively, latest studies concerned 
mainly variation in the course and branching pattern of the 
infrapatellar branch of the saphenous nerve [17]. However, 
in these studies, little attention was paid to variants of PA 

Fig. 3   Type 1-1-2 insertion of the pes anserinus. Medial view of the 
right lower limb. SM sartorius muscle, ST sartorius tendon, GT graci-
lis tendon, STT semitendinosus tendon, aSTT accessory band of the 
semitendinosus tendon, GM gastrocnemius muscle
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tendons. LaPrade et al. [5] observed that the ST inserted to 
the superficial fascial layer, whereas the GT and STT are 
located in the deep surface of the superficial fascial layer. 
Similar results were obtained by Lee et al. [6], although they 
found the ST to be inserted deeper than the GT and STT 
in one case, and that the ST was bifurcated in another [6]. 
In the present study, no cases were observed where the ST 
was inserted deeper than the GT or STT; however, the ST 
was found to be bifurcated in six lower limbs. Candal-Couto 
et al. [2] reported that the accessory bands may arise from 
the GT or STT and insert separately into the PA. Accessory 
bands were also observed in the GT and STT. The GT had 
one–four accessory bands (usually two), while the ST had 
two–three accessory bands (usually two). Based on arthros-
copies of 25 patients Yasin et al. [16] found the number of 
accessory bands to range from one to three in the GT, and 
from one to four in the STT. In addition, accessory bands 
were lacking only in one GT l, which was far more than what 
was observed in the current study. In a study of PA anatomy 
in 30 fresh cadaveric knees, the GT was found to have two 
accessory bands in five cases, and three accessory bands in 
only one case; in addition, the STT was found to have two 
accessory bands in seven cases but three accessory bands in 

only one case [14]. In a study of a Korean population [6], 
morphological variability was only observed for the STT, 
where 57 sampled lower limbs (66%) had one accessory 
band, 28 limbs (31%) had two and one limb (3%) had three.

A threefold classification was proposed by Ashaolu et al. 
[1] based on tendinosus formation, union of the tendons and 
point of insertion. Six types of tendinous formation were 
proposed (type I–VI), with the most common type being 
monotendinous ST, GT and STT with one accessory band. 
A comparison of these results with our own is presented in 
Table 3. The number of bands originating from the GT and 
STT is an important taxonomic category; however, due to 
the great variability inherent in PA morphology, it is likely 
that the numbers of specimens used in previous studies were 
too low to reflect all the important variations [2, 14, 16]. 
Although the classification based on tendinous formation 
proposed by Ashoulu et al. [1] focuses on detailed anatomi-
cal aspects, a classification proposed in this research may be 
more clinically relevant to facilitate more effective tendon 
grafting. Unlike other studies, our findings indicate that the 
most common type of PA comprised the monotendinous ST, 
GT and STT, accounting for 54 out of 102 cases (52.9%).

Fig. 4   Type 1-1-3 insertion of the pes anserinus. Medial view of the left lower limb. ST sartorius tendon, GT gracilis tendon, STT semitendino-
sus tendon, aSTT accessory band of the semitendinosus tendon, fGM fascia of the gastrocnemius muscle, fL fascia of the leg
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The type of insertion is a second feature in our classifica-
tion. For the GT and STT a band-shaped and a fan-shaped 
types of insertion were recognised. The fan-shaped form 
occurred in 20 cases (19.6%) for the GT and in 82 cases 
(80.4%) for the STT. In addition, it can be present in both 
the main tendon and the additional bands. This might be 
an important feature because, for the fan-shaped tendon, 
it might be harder to recognize the correct tendon and to 
expose the point where the tendon stripper can be placed. 
Interestingly, earlier studies have failed to identify the type 
of insertion of the PA tendon [1, 2, 6, 9, 14, 16, 17].

Last but not least, to identify the correct tendons for 
grafting, the place of insertion should be recognised. Dur-
ing a surgical procedure, concrete landmarks are required 

to navigate the site of incision and to identify tendons. As 
the tibial tuberosity is arguably the best candidate for this 
purpose, lines A and B (Fig. 1) were proposed as meas-
urements to better locate these tendons. Although this is 
helpful for localizing the main tendons of the gracilis and 
semitendinous, accessory bands might be a potential cause 
of complications [3, 7, 13, 15].

There are two important aspects for recognizing acces-
sory bands—their length and point of insertion. It is believed 
that inspection of 10 cm proximal to the insertion of PA 
ensures the safety in presence of accessory bands. How-
ever, Candal-Cauto et al. [2] reported the origin of acces-
sory bands more than 10 cm proximal from PA insertion in 
eight of ten tested specimens. Tuncay et al. [15] noted that 

Fig. 5   Type 1-2-3 insertion of the pes anserinus. Medial view of the 
right lower limb. SM sartorius muscle, ST sartorius tendon, GT gra-
cilis tendon, STTM semitendinosus muscle, STT semitendinosus ten-
don, aGT accessory band of the gracilis tendon, aSTT accessory band 
of the semitendinosus tendon, fL fascia of the leg, fGM fascia of the 
gastrocnemius muscle, GM gastrocnemius muscle

Fig. 6   Type 2-1-2 insertion of the pes anserinus. Medial view of 
the right lower limb. SM sartorius muscle, ST sartorius tendon, aST 
accessory band of the sartorius tendon, GT gracilis tendon, STT 
semitendinosus tendon, aSTT accessory band of the semitendinosus 
tendon, fGM fascia of the gastrocnemius muscle, GM gastrocnemius 
muscle
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accessory bands started 6–8 cm from insertion and ended 
within 8–12 cm. Nevertheless, in the present study, the ori-
gin of the accessory bands was localized 63.5 mm from the 
main PA insertion and the mean length of the accessory 
band was 63.5 mm for the STT (70.1 mm in fan-shaped 
and 49.4 mm in band-shaped types) and 118.8 mm for the 
GT (117.7 mm in fan-shaped and 119.3 mm in band-shaped 
types). Thus, our study suggests that a margin of 10 cm is 
sufficient.

The location of the insertion of accessory bands is not 
fully known. Candal-Cauto et al. [2] observed accessory 

bands in 20 lower limbs (100%), whereas Ashaolu et al. [1] 
observed them in 19 lower limbs (95%); however, in the 
present study, they were only observed in 47.1%. The acces-
sory bands of the STT were reported to insert into the gas-
trocnemius fascia or popliteal fascia, while those of the GT 
into the sartorius or gastrocnemius muscle or deep fascia [2]. 
Reina et al. reported the presence of accessory bands within 
the GT, running towards the fascia of the medial head of the 
gastrocnemius muscle, in 17 of 29 studied cases [14], while 
the other band followed a different course. Generally speak-
ing, in accordance with our findings, the accessory bands of 
the STT always ran towards the aponeurosis of the medial 
head of the gastrocnemius muscle. However, no insertion 
into the popliteal fascia was identified. Due to the restricted 
field of view through the small incision, inspection of the 
area 10 cm proximal to the PA insertion might be difficult; 
therefore, the best feature for identifying the presence of an 
accessory band would be to recognize the fusion with fascia.

The present study does have some limitations, one being 
that no sample size calculation was performed; however, 
the study is the largest cadaver-based study yet performed 
on the anatomy of the PA. Second, being heterogeneous, 
the proposed classification depends on several morphologi-
cal details, such as type of insertion or presence of acces-
sory bands. In addition, as the dissected lower limbs were 
obtained from different donors, it was not possible to evalu-
ate the symmetry of the types. Finally, as this is only an ana-
tomical study, a spectrum of variation could be presented. 
As the pattern of PA tendons and their accessory bands 
varies according to the individual, it would be desirable to 
be able to recognise the anatomy of this area in patients 
being prepared for surgery. Further studies should examine 
the potential value of ultrasound or MRI for this purpose. 
Nonetheless, this study helps raise awareness of “what and 
where” to look for, and offers a uniform classification and 
terminology to act as a foundation for communication with 
surgeons. Surgical harvesting of tendons can be facilitated 
by our findings. First, the proposed classification recognises 
the possibility of the existence of additional bands for each 
PA tendon and provides information on their topography 
and morphology. Second, knowledge of these variants and 
application of the proposed classification may serve as com-
mon practice for specialists if modification of the surgical 
techniques is introduced. Third, this work might provide a 
segue to studies on diagnostic imaging to determine PA mor-
phological variations in vivo and not to mistake them with 
pathologies of the PA.

Fig. 7   Type 2-2-3 insertion of the pes anserinus. Double insertion of 
the sartorius tendon. Medial view of the right lower limb. SM sarto-
rius muscle, ST sartorius tendon, abST accessory band of the sarto-
rius tendon, GT gracilis tendon, abGT accessory band of the graci-
lis tendon, STT semitendinosus tendon, abSTT accessory band of the 
semitendinosus tendon, fGM fascia of the gastrocnemius muscle, GM 
gastrocnemius muscle
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Fig. 8   Types of the insertion of the gracilis tendon and semitendi-
nosus tendon. a Band-shaped type gracilis tendon and fan-shaped 
type semitendinosus tendon. Medial view of the lower limb. ST sar-
torius tendon, B-S GT band-shaped type gracilis tendon, F-S STT 
fan-shaped type semitendinosus tendon. b Fan-shaped type gracilis 
and semitendinosus tendon. Medial view of the left lower limb. ST 

sartorius tendon, F-S GT fan-shaped type gracilis tendon, F-S STT 
fan-shaped type semitendinosus tendon. c Band shaped type gracilis 
and semitendinosus tendon. Medial view of the right lower limb. ST 
sartorius tendon, B-S GT band-shaped type gracilis tendon, B-S STT 
band-shape type semitendinosus tendon
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Conclusion

Introducing a new classification may help improve the plan-
ning of surgical procedures, because every uncommon for-
mation of PA increases the risk of failure while harvesting 
the tendons. Differently shaped tendons can affect the ease 
of tendon harvesting. The careful use of a tendon stripper 
10 cm proximal to the PA insertion is essential. The mor-
phological variability of the PA is considerable, particularly 

regarding the distance from the PA insertion of accessory 
bands and their shape, and the present work is the first to 
examine its nature in such great detail.

Fig. 9   Types of insertion of the main band (continuous line) and 
additional bands (dashed line) for sartorius (ST), gracilis (GT) and 
semitendinosus (STT)

Table 1   Parameters between the 
gracilis and the semitendinosus 
muscle

According to the Bonferroni correction, p < 0.004 is significant

Parameter (mm) Gracilis Semitendinosus p value

Width in distal attachment 8.42 (3.88) 11.23 (3.56) 0.0000
ExP thickness 2.29 (0.57) 1.91 (0.61) (n.s.)
ExP width 7.46 (1.64) 7.75 (2.10) (n.s.)
Distance between insertion and beginning of the ExP 28.42 (5.49) 27.88 (6.41) (n.s.)
Muscle belly length 287.10 (36.55) 275.82 (39.59) (n.s.)
Tendon length 139.57 (20.91) 152.11 (24.58) 0.0001
Width of tendon in myotendinous junction 5.13 (1.20) 6.17 (1.60) 0.0000
Thickness of tendon in myotendinous junction 5.59 (28.55) 2.96 (0.74) (n.s.)
Width of tendon at the level of the 1st band 4.52 (0.53) 5.34 (1.19) (n.s.)
Thickness of tendon at the level of the 1st band 2.47 (0.76) 2.41 (0.64) (n.s.)
Width of the 1st band 2.89 (1.40) 2.41 (0.97) (n.s.)
Thickness of the 1st band 1.04 (0.54) 1.01 (0.46) (n.s.)
Width of tendon at the level of the 2nd band 4.58 (1.38)
Thickness of tendon at the level of the 2nd band 1.94 (0.55)
Width of the 2nd band 1.65 (0.86)
Thickness of the 2nd band 0.66 (0.45)

Table 2   The distance between the insertion of the pes anserinus and 
tibial tuberosity (TT) (mm)

Gracilis Semitendinosus p value

Medial to TT 2.66 (1.15) 3.21 (3.30) 0.0000
Inferior to TT 2.32 (9.02) 1.40 (3.82) 0.0000

Table 3   Comparison of classification

ST sartorius tendon, GT gracilis tendon, STT semitendinosus tendon, 
SMT semimembranosus tendon, TCL tibial collateral ligament, aSTT 
accessory band of semitendinosus tendon, aGT accessory band of the 
gracilis tendon, aST accessory band of the sartorius tendon

Classes Ashaolu et al. [1] Current study

ST + GT + STT 1 (5%) 54 (52.9%)
ST + GT + STT + aSTT + SMT + 

TCL
1 (5%) 0 (0%)

ST + GT + STT + aSTT 13 (65%) 32 (31.4%)
ST + GT + STT + aSTT + SMT 3 (15%) 0 (0%)
ST + GT + STT + aST + SMT 1 (5%) 0 (0%)
ST + GT + STT + aGT + aSTT 1 (5%) 0 (0%)
ST + GT + aSTT + aSTT 0 (0%) 9 (8.8%)
ST + GT + STT + aGT + aSTT + 

aSTT
0 (0%) 1 (1%)

ST + GT + STT + aST + aSTT 0 (0%) 2 (2%)
ST + GT + STT + aST + aGT + aS

TT + aSTT
0 (0%) 4 (3.9%)



2993Knee Surgery, Sports Traumatology, Arthroscopy (2019) 27:2984–2993	

1 3

Acknowledgements  The authors wish to express their gratitude to all 
those who donated their bodies to medical science.

Author contributions  Łukasz Olewnik: project development, data col-
lection and management, data analysis and manuscript writing. Bar-
tosz Gonera: data collection, data analysis manuscript editing. Michał 
Podgórski: data analysis, manuscript editing. Michał Polguj: data anal-
ysis, manuscript editing. Hubert Jezierski: data analysis, manuscript 
editing. Mirosław Topol: manuscript editing. All authors have read 
and approved the manuscript.

Funding  The authors have no financial or personal relationship with 
any third party whose interests could be positively or negatively influ-
enced by the article’s content. This research did not receive any specific 
grant from funding agencies in the public, commercial, or not-for-profit 
sectors.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no competing 
interests.

Ethical approval  The protocol of the study was accepted by Bioethics 
Committee of Medical University of Lodz (resolution RNN/297/17/
KE). The cadavers belong to the Department of Normal and Clinical 
Anatomy of the Medical University of Lodz.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

	 1.	 Ashaolu JO, Osinuga TS, Ukwenya VO, Makinde EO, Adekanmbi 
AJ (2015) Pes anserinus structural framework and constituting 
tendons are grossly aberrant in Nigerian population. Anat Res Int 
2015:483186

	 2.	 Candal-Couto JJ, Deehan DJ (2003) The accessory bands of gra-
cilis and semitendinosus: an anatomical study. Knee 10:325–328

	 3.	 Ferrari JD, Ferrari DA (1991) The semitendinosus: anatomic con-
siderations in tendon harvesting. Orthop Rev 20:1085–1088

	 4.	 Henry BM, Tomaszewski KA, Pękala PA, Graves MJ, Pękala JR, 
Sanna B, Mizia E (2017) Oblique incisions in hamstring tendon 
harvesting reduce iatrogenic injuries to the infrapatellar branch 
of the saphenous nerve. Knee Surg Sport Traumatol Arthrosc 
26:1197–1203

	 5.	 LaPrade RF, Engebretsen AH, Ly TV, Johansen S, Wentorf FA, 
Engebretsen L (2007) The anatomy of the medial part of the knee. 
J Bone Jt Surg 89(9-A):2000–2010

	 6.	 Lee J-H, Kim K-J, Jeong Y-G, Lee NS, Han SY, Lee CG, Kim 
K-Y, Han S-H (2014) Pes anserinus and anserine bursa: anatomi-
cal study. Anat Cell Biol 47:127–131

	 7.	 Marshall JL, Warren RF, Wickiewicz TL, Reider B (1979) The 
anterior cruciate ligament: a technique of repair and reconstruc-
tion. Clin Orthop Relat Res 143:97–106

	 8.	 McGuire DA, Hendricks SD (2007) Anterior cruciate ligament 
reconstruction graft harvesting: pitfalls and tips. Sports Med 
Arthrosc 15:184–190

	 9.	 Mochizuki T, Akita K, Muneta T, Sato T (2004) Pes anserinus: 
layered supportive structure on the medial side of the knee. Clin 
Anat 17:50–54

	10.	 Olewnik A, Wysiadecki G, Podgórski M, Polguj M, Topol 
M (2018) The plantaris muscle tendon and its relationship 
with the achilles tendinopathy. Biomed Res Int. https​://doi.
org/10.1155/2018/96235​79

	11.	 Olewnik Ł, Gonera B, Kurtys K, Podgórski M, Polguj M, Sibiński 
M, Topol M (2018) The anterolateral ligament of the knee: a pro-
posed classification system. Clin Anat. https​://doi.org/10.1002/
ca.2367

	12.	 Olewnik Ł, Wysiadecki G, Polguj M, Topol M (2017) Anatomic 
study suggests that the morphology of the plantaris tendon may 
be related to Achilles tendonitis. Surg Radiol Anat 39(1):69–75

	13.	 Pagnani MJ, Warner JJ, O’Brien SJ, Warren RF (1993) Anatomic 
considerations in harvesting the semitendinosus and gracilis ten-
dons and a technique of harvest. Am J Sports Med 21:565–571

	14.	 Reina N, Abbo O, Gomez-Brouchet A, Chiron P, Moscovici J, 
Laffosse J-M (2013) Anatomy of the bands of the hamstring ten-
don: how can we improve harvest quality? Knee 20:90–95

	15.	 Tuncay I, Kucuker H, Uzun I, Karalezli N (2007) The fascial 
band from semitendinosus to gastrocnemius: the critical point of 
hamstring harvesting—an anatomical study of 23 cadavers. Acta 
Orthop 78:361–363

	16.	 Yasin MN, Charalambous CP, Mills SP, Phaltankar PM (2010) 
Accessory bands of the hamstring tendons: a clinical anatomical 
study. Clin Anat 23:862–865

	17.	 Zhong S, Wu B, Wang M, Wang X, Yan Q, Fan X, Hu Y, Han 
Y, Li Y (2018) The anatomical and imaging study of pes anseri-
nus and its clinical application. Medicine (Baltimore) 97:e0352 
(Wolters Kluwer Health)

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2018/9623579
https://doi.org/10.1155/2018/9623579
https://doi.org/10.1002/ca.2367
https://doi.org/10.1002/ca.2367

	A proposal for a new classification of pes anserinus morphology
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Variation in morphology of PA components
	Type and location of insertion
	Morphometric measurements
	Gracilis tendon
	Semitendinosus tendon


	Discussion
	Conclusion
	Acknowledgements 
	References


