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Abstract: The reconstructive surgeries utilize pes anserinus (PA) tendons, because of their lesser post-operative clinical
deficits and donor site morbidity. These surgeries require anatomical knowledge about the extent of PA formation. The
goal of this study was to determine the length and width of the PA formation. The objectives were to measure the distance
of its upper limit, lower limit, and vertical distance from the tibial tuberosity (TT). The present descriptive cross sectional
study included 53 embalmed cadaveric lower extremities. The upper and lower limits of PA were exposed with the careful
dissection. Measurements of the dimensions were performed with the help of a digital vernier caliper (Mitutoyo Co.,
Kanagawa, Japan). The PA length, width, distance of its upper limit, lower limit, and vertical distance of it from the TT were
47.4+13.3 mm, 37.31£7.2 mm, 47.6+12.5 mm, 54.6+10.4 mm, and 39.1+14.2 mm, respectively over the right extremity. The
same measurements were 46.3+14.7 mm, 39.1+9.4 mm, 39.1+5.9 mm, 49.5+8.2 mm, and 36.4+12.1 mm, respectively for the
left extremity. The extent of PA was observed to be extremely variable. The preoperative knowledge about the dimensions
of PA will help the plastic and orthopedic surgeon put the accurate skin incision, decreasing the donor site morbidity and
biomechanical instability of the PA grafts. We suggest that, preoperative ultrasound measurement of the PA may help the
operating surgeon to prevent the complications like injury to the infrapatellar branch of saphenous nerve.
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Introduction anterior, medial, and posterior compartments of the thigh,
form the guy ropes. The guy ropes insert together, and this

The guy ropes in the lower extremity form a tent-like  radiating arrangement resembles the ‘goosefoot’. Hence it is
structure, which provides strength to the pelvis. These also  given the name ‘pes anserinus (PA)’ [1, 2]. The tendons vary
give the femur and tibia stability in weight bearing, balance  in their dimensions and insertion, which leads to altered
and mobility of lower limb. Sartorius (SA), Gracilis (GC)  dimensions of the PA. PA is nothing but the confluence of
and semitendinosus (ST), which belonged to the muscles of musculotendinous structures [3]. The surgical excision of
PA is a common practice in constructive procedures like the

repair of tendocalcaneus, repair of the ruptured patellar ten-
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The painful knee is a common complaint in the orthopedic
The PA is preferred for the reconstructive surgeries due to
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their less morbidity at the donor site and there are no post-
operative deficits [6]. It was reported that anatomical varia-
tions are among the causes for the complications, associated
with PA tendon grafting [7]. The minimally invasive surgical
procedures require an understanding of the exact location of
the insertion of PA [8]. The clinical implications are high, but
the studies are scarce in the literature about PA’s dimensions.
The present anatomical research goal was to determine the
length and width of PA formation over the right and left low-
er extremities. The objectives were to measure the distance
of its upper limit, lower limit and vertical distance from the
tibial tuberosity (T'T) in the cadaveric lower limb specimens.

Materials and Methods

This anatomical investigation comprised 53 embalmed
adult human cadaveric lower extremities, of which 27 were
right-sided, and 26 left-sided. The present study did not take
the gender of specimens into consideration. Present study
excluded the samples which had pathological changes, con-
genital anomalies, and destructions. This study has the ap-
proval of our institutional ethics committee. All the samples
followed meticulous dissection and the PA was exposed by
reflecting the skin and fascia at the supero-medial aspect of
the leg’s anterior compartment. The dimensions were mea-
sured using the digital Vernier caliper of accuracy, £0.01

Patella

Fig. 1. Schematic representation of the measurements performed in
the present study. AB, pes anserinus length; CD, pes anserinus width;
EB, distance of its lower limit from TT; EF, distance of its upper limit
from the midpoint of TT; EH, vertical distance of its lower limit from
the midpoint of TT; T'T, tibial tuberosity.
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inch (model-500 196; Mitutoyo Co., Kanagawa, Japan), and
tabulated separately for the right and left sides. The data were
analyzed using IBM SPSS Statistics for Windows, Version
25.0 (IBM Co., Armonk, NY, USA), measurements are given
in millimeters and represented as meanz+standard deviation
(SD). The paired t test was applied to compare the right and
left side measurements. If the P-value is smaller than 0.05,
the comparison was considered statistically significant.

The present study measured the following dimensions of
PA:

1. The PA length (AB in Fig. 1)

2. The width of PA (CD in Fig. 1)

3. The distance of its upper limit from the TT (EF in Fig. 1)

4. The distance of its lower limit from the TT (EB in Fig. 1)

5. The vertical distance of its lower limit from the TT (EH
in Fig. 1)

The PA length (AB) was the distance between the superior
and inferior limit (Fig. 2) of the PA’s distal attachment into
the supero-medial aspect of the tibia. The anteroposterior
extent (Fig. 2) of the PA formation at its mid-level was con-
sidered as the PA’s width (CD). The distance of the upper
limit of PA was measured from the mid-point of TT (EF).
The upper limit of PA was the proximal point at which all
the three constituent tendons of PA were converging (Fig.
2). Similarly, the lower limit of PA was also measured from

Fig. 2. The photograph of the cadaveric lower limb showing the
characteristics of pes anserinus and the measurements performed in
the present study. AB, pes anserinus length; CD, pes anserinus width;
EB, distance of its lower limit from TT; EF, distance of its upper limit
from the midpoint of TT; EH, vertical distance of its lower limit from
the midpoint of TT; T'T, tibial tuberosity.
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Table 1. Dimensions of PA observed in the present study (n=53)

Rajanigandha Vadgaonkar, et al

Table 2. Sidewise comparison of the dimensions of PA (n=53)

Dimension Measurement (mm)
PA length 46.7+14.4
PA width 38+8.5
Distance of upper limit of PA from TT 43.8+10.8
Distance of lower limit of PA from TT 52.3£9.9
Vertical distance of lower limit of PA from TT 37.9+13.5

Values are presented as mean+SD. PA, pes anserinus; TT, tibial tuberosity; SD,

standard deviation.

the mid-point of TT (EB). This was the distal point in the
tibia, where PA formation was attaching (Fig. 2). The verti-
cal distance of the lower limit of PA from TT (EH) was the
measurement performed between the mid-point of TT and
the point on the anterior border (shin) of the tibia, which was
located at the same level as the lower limit of PA (Fig. 2).

Results

The dimension of PA was observed to be extremely vari-
able. The PA was often merging with the facia cruris (FC)
and extending very much inferior, which gave a greater
extent of the PA supero-inferiorly. Table 1 represents the
dimensions of PA and also provides the mean data of all the
specimens, which are included in this study. The dimensions
of the PA for the right and left lower extremity are repre-
sented separately in Table 2. The statistical comparison of
PA length, width, and vertical distance from the TT did not
reveal a significant difference over the left and right sides
(P>0.05). However, the dimensions were higher for the right-
sided PA in the distance of its upper and lower limits from
the TT (P<0.05), in comparison to the left side (Table 2).

Discussion

The PA is composed of tendons of SA, GC, and ST
muscles. The three muscles of PA form the elements from
each compartment of the thigh. SA begins from the anterior
superior iliac spine and represents the muscle of the front of
the thigh. GC begins from the ischiopubic ramus and sym-
bolizes the adductor compartment. The third muscle, ST,
originates from the upper part of the ischial tuberosity and
embodies the muscle of the back of the thigh [9]. However,
our previous study [10] observed that semimembranosus
muscle was taking part in the PA formation in 5.7% of cases.
The ST was giving an extra slip, which was attaching to the
medial condyle of the tibia in 13.2% cases, to the medial col-
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Rightside Left side

Dimension -value
(n=27)  (n=26)
PA length 474+13.3 46.3+x14.7 0.7
PA width 37.3+72 391494 04
Distance of upper limit of PA from TT* 47.6£12.5 39.1+59 0.004

Distance of lower limit of PA from TT* 54.6+10.4 49.5+8.2 0.03
Vertical distance of lower limit of PA from TT 39.1+14.2 36.4+12.1 0.2

Values are presented as mean+SD. PA, pes anserinus TT, tibial tuberosity SD,
standard deviation. The measurements are given in millimetres. The paired ¢
test was applied for the statistical analysis. *The difference was considered as

statistically significant if the P-value is less than 0.05.

lateral ligament in 3.8% cases, and ligamentum patellae in
1.9% cases [10]. Femoral, obturator and tibial nerves supply
the SA, GC and ST respectively and these muscles get the
nourishment by the muscular branches of femoral, profunda
femoral, medial circumflex femoral, inferior gluteal, and
perforating arteries [9]. SA performs the flexion of knee and
hip joints, along with the abduction and external rotation of
hip joint. GC causes flexion, medial rotation, and adduction
of the hip. ST helps the knee joint’s flexion, medial rotation
of the leg and weak extension of the hip.

The PA is inferomedially related to the knee joint, and the
infrapatellar branch of the saphenous nerve. The morpho-
logical information of the structures, located medial to the
knee joint, the relation between the FC and PA, is important
for the clinical diagnosis and management of orthopaedic
ailments [2]. In this anatomical study, PA’s dimensions were
determined to obtain the knowledge about the extent of this
tendinous intersection. If the PA merges with FC, its length
will be greater. The tendons of ST and GC have aponeu-
rotic ends, which are observed to be joining with the FC [2].
Sometimes FC may be attached to the tibial collateral liga-
ment and fascia covering the medial head of the gastrocne-
mius.

The data of the present study was compared with the pre-
vious reports, which are available in the literature. Ashaolu
et al. [4] performed measurements for the PA’s distances
from the inferior border of TT. In their study, the minimum
horizontal distance was 24.96 mm, and the maximum was
65.03 mm. The lowest insertion point was located 124.44
mm from the TT. In our research, these dimensions were
43.8+10.8 mm, 52.3+9.9 mm, and 37.9+13.5 mm, respectively.
Ashaolu et al. [4] reported that the PA’s breadth and length
in their study was 134.02 mm and 40.36 mm respectively. In
a Thai population study, the distance between TT and PA
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insertion was 5 mm at the vertical plane and 25 mm at the
horizontal plane [11]. In the present study, these dimensions
were 38+8.5 mm and 46.7+14.4 mm, respectively. The differ-
ences in the dimensions of the data between our study and
previous reports [4, 11] are due to the differences in the topo-
graphical points considered to perform the measurements.
The differences may also be due to ancestral variations as the
present study included samples from Indian population and
included samples from Nigerian [4] and Thai [11] popula-
tion.

Only few studies are available in the literature about
the PA dimensions and are not documented in the Indian
literature. The scientific literature can consider this ana-
tomical study as novel from Indian samples. This study has
measured the length and breadth of the PA in cadaveric
specimens. Since, T'T is an important landmark, its distance
from the PA was recorded. The distance was measured be-
tween the TT and the upper and lower limits of PA and also
the vertical distance of PA from the TT. The lack of PA’s
anatomical knowledge can lead to difficulty in topographi-
cal identification of its insertion during the surgery [12] and
ineffective small sized grafts [13]. It was reported that, 46.8%
of patients who are suffering from osteoarthritis of the knee,
had inflammation of the anserine bursa [8]. The diagnosis of
bursitis syndrome and PA tendinitis should be considered in
cases of pain at the PA insertion site. The local steroid injec-
tion can treat the bursitis, but this requires topographical
knowledge about the bursa and PA insertion [8]. The anteri-
or cruciate ligament grafts from the ST and GC tendons can
be compared to the patellar tendon-bone graft because of the
equal cross-sectional area [14]. The adequately executed PA
transplant is crucial in preventing the post-operative anteri-
or-external tibial rotation and valgus deformity [12].

Munhoz et al. [13] reported that the distance between PA
and TT varies from person to person. The dimensions like
length, width, thickness and tibial attachment of PA can
be estimated using ultrasound technology. The ultrasound
plays an essential role in diagnosing PA diseases. The in-
frapatellar branch of the saphenous nerve is prone to get in-
jured while harvesting the PA. The average distance between
the infrapatellar nerve and the PA is 95mm [15]. Zhong et
al. [15] opined that the preoperative ultrasound could help
the operating surgeons avoid the damage to the saphenous
nerve. The preoperative measurement of PA dimensions by
using the radiological methods is useful to the operating
surgeon [10]. The ultrasound is the best method to observe
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the PA morphology because of its proximity to the skin [15].
The morphometric data about PA are scarce from the global
literature. In the routine dissection teaching, the typical pre-
sentation of the musculature is always emphasized [16]. But
there is a need for the knowledge about the variant anatomy
of these muscles. We have reported the morphological vari-
ants of the PA formation in our previous study [10].

Ugai et al. [17] reported that, morphological alteration
of the PA tendon could lead to the formation of bony spurs.
Ivey and Prud'’homme [18] dissected the tendons of PA, by
an inverted ‘L’ subperiosteal incision, beginning at the crest
of the tibia. They observed that, tendons of GC and ST fuse
together at 31.8 mm away from their insertion site and later
fused with the SA tendon. Ivey and Prud'homme [18] also
observed fascial loops connecting the SA tendon with the
tibial collateral ligament in about 48% of their cases. The
PA had each of the three tendons inserting separately into
either tibia or fascia cruris. Ivey and Prud'homme [18] sug-
gested that, inverted ‘L’ subperiosteal incision, which begins
at the crest of the tibia can dissect the tendons of the PA for
the clinical use in reconstructive procedures of the knee, ef-
fectively and safely. ST and GC tendons are often used for
the ACL reconstruction. But it is not uncommon to find the
accessory tendinous slips arising from these two tendons,
while harvesting the grafts [6]. These tendinous slips usu-
ally originate 10 cm beyond the proximal part of the tendon.
Candal-Couto and Deehan [6] suggested that, extra care
should be taken to avoid cutting the main tendon. This can
be accomplished by using a tendon stripper and it is essen-
tial to look for these accessory slips as the anatomy of these
bands is more variable than reported earlier [6].

PA forms complex multi-layered stabilising structure,
which supports the medial component of the knee in the
erect position [2, 19]. The insertion of PA is into the postero-
medial aspect of tibia, 4247 mm below the level of the tibial
condyle. The insertion site is infero-medial to the TT. But
the topographical location of the insertion site of PA is ex-
tremely variable, due to the presence of accessory slips [20].
Injuries to the PA can involve whole of it or one of its consti-
tuting tendons [19]. The additional slips are also known as
vincula, which have variable insertion sites like gastrocne-
mius aponeurosis and surrounding connective tissue layers
[7, 20]. The vincula from the posterior aspect of PA into the
popliteal fossa, may insert into the popliteal fascia and the
medial head of the gastrocnemius muscle [20, 21]. If these
insertions remain intact and the main tendon has been cut,
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there is a chance of pulling of the muscles into the posterior
aspect of the knee. The detached main tendon may become
fibroses, and this may cause disability and pain around the
knee joint [20,21]. The routine MRI of knee will not include
the insertion of the distal part of the PA. This may make the
diagnosis of the injuries, difficult as the diagnosis based only
on the history and the clinical examination is hard. It is sug-
gested that the scanning should be extended to include the
full extent of all the PA tendons up to their insertion [20].
This is particularly important in cases of traumatic injuries
of the knee region, whenever there is a high fluid signal in
the popliteal fossa. If the pathological condition is not clearly
recognised and managed, it will result in poor outcome of
the patient with reduced joint function, disability and pain
[21].

In this present study, the dimensions of PA were estimated
by performing the measurements. This study’s future impli-
cation is that the anatomical data can be compared with the
radiological methods of the PA morphometry. This anatomi-
cal study’s limitation included the gender based comparison
of the PA dimensions, which was not performed. The larger
sample size can interpret the morphometric data of this
study, still better. The cadaveric specimens used in this study
were embalmed and may not give accurate measurements.
However, this study’s strength is that this is the first reported
Indian anatomical study. The morphological database for the
Indian population could be obtained from the data of this
study.

In conclusion, the dimension of the PA was observed to be
extremely variable. We believe that this study’s morphomet-
ric data will help the operating surgeon put the accurate skin
incision, decrease the donor site morbidity, and decrease the
biomechanical instability of the PA grafts. The preoperative
knowledge about PA’s dimensions may help the plastic and
orthopaedic surgeons prevent intraoperative complications
like injury to the infrapatellar branch of saphenous nerve.
The preoperative assessment of PA by the ultrasound mea-
surement is suggested.
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