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Abstract
Purpose  The aim of the study was to assess the quadriceps femoris system for the presence of additional layers.
Methods  One hundred and twenty-eight lower limbs fixed in 10% formalin were examined.
Results  Five types of quadriceps tendon layering were found based on the accessory heads of the quadriceps muscle. Type 
I (55%)—represented by four heads and four layers, and it was something new because standard orthopaedic textbooks 
described quadriceps tendon as a structure composed of only three layers. Type II (27.4%)—the first four layers were the 
same as in Type 1, but the accessory tendon of the fifth head of the quadriceps femoris muscle had the deepest attachments. 
Type III (10.9%)—this type included 6 heads of quadriceps femoris. It consisted of five layers. Type IV (3.1%)—this type 
included 7 quadriceps femoris heads. This type consisted of only four layers. Type V (3.1%)—this type included 8 heads of 
the quadriceps femoris heads. This type consist of 5 layers.
Conclusion  The findings of this study provide a detailed anatomy of the quadriceps tendon including the accessory tendons 
of the accessory heads of the quadriceps tendon. The accessory heads of the quadriceps femoris muscle contribute to the 
layering of the quadriceps tendon. The second conclusion of this study is the development of safe distances depending on 
the types. Not all types are perfect for harvesting—Type IV seems to be the safest type, in turn Type V the most dangerous.
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Introduction

Although, it might seem that such a large muscle as the 
quadriceps femoris (QF) has already been completely stud-
ied, it is not true. In fact, its proximal and distal attach-
ments demonstrate considerable variability, and the rela-
tions of its parts to each other are different [6–8, 16, 28].

Grob et al. [8] were the first to describe the fifth head of 
the QF and assign it the name tensor vastus intermedius. Its 
prevalence was estimated at 100% [7]. Later studies on the 
QF carried out by Olewnik et al. [17] showed that this mus-
cle can have five, six, seven, or even eight heads, which com-
pletely gave a new morphologically picture of this muscle. 
They estimated the presence of additional heads at 64.1%.

A study of the architectural structure of the QF found 
that the vastus lateralis consists of three layers: superficial, 
intermediate, and deep [16]. Interestingly, only the super-
ficial and intermediate layers are part of the quadriceps 
tendon (QT), while the deep layer attaches laterally to the 
patella. The vastus medialis consists of two parts: longus 
and obliquus [16].

While it might seem that the quadriceps femoris tendon 
has been thoroughly understood, nothing could be further 
from the truth. Most orthopaedic textbooks or scientific 
studies indicate that the QF tendon consists of superficial, 
intermediate, and deep layers [1, 8, 9, 26]. Recent studies 
by Olewnik et al. [18] indicate that the QF tendon consists 
of four layers, not three, which may be significantly impor-
tant for surgical procedures in the knee joint (for example, 
reconstructing anterior cruciate ligament (ACL). No con-
sensus exists on the tendons or ligaments to use for recon-
structing anterior cruciate ligament rupture; however, graft 
harvest from the QT has some advantages. The most com-
monly used grafts for ACL reconstruction are bone–patel-
lar tendon–bone and hamstring tendon autografts [18, 26]. 
Despite this, in the case of hamstring grafts, additional 
bands are often present in the gracilis and semitendinosus 
tendons, and this may lead to tendon fibrosis. However, 
patients receiving bone–patellar tendon–bone grafts are 
more likely to experience donor site morbidity, including 
kneeling pain, graft harvest site pain, and sensory loss [4, 
5, 13, 14, 21, 26, 30]. There is, hence, great interest in 
using QT grafts for ACL reconstruction, as this is associ-
ated with less pain at the harvest site, and a lower risk of 
graft failure than for hamstring grafts [19, 26].

The current literature provided information that the safe 
harvest distance of the QT is 5.5 to 8 cm in length [21, 23, 
24, 26]. This was confirmed in a recent study by Olewnik 
et al. [18], namely harvesting QTs in men up to 105 mm 
seems safe, and in women up to 80 mm.

The purpose of this study was to qualitatively and quan-
titatively describe the anatomy of the QT including its 

size, accessory tendons of the accessory heads of the QF, 
layers and the relationship between layers.

Materials and methods

One hundred and twenty-eight lower limbs (64 woman and 
64 men) fixed in 10% formalin were examined. The mean 
age “at death” of the cadavers was 81.8 years in men, and 
80.5 years in women. The cadavers were the property of 
the Department of Anatomical Dissection and Donation of 
the Medical University of Lodz, Poland, following donation 
to the university anatomy programme, and of the Donors 
and Dissecting Rooms Center, Universidad Complutense 
de Madrid, Spain. Informed consent was obtained from all 
donors before they died. The Bioethics Committee of the 
Medical University of Lodz (resolution RNN/114/19/KE) 
approved the study protocol. Lower limbs with evidence of 
surgical intervention in the dissected area were excluded. 
The thigh area was dissected as described previously [14–16, 
18].

The lower limb was positioned on the dissection table in 
the supine position. First, the skin of the thigh was cut along 
with the subcutaneous tissue, and the inguinal ligament was 
identified. Following this, all femoral nerve branches were 
dissected. The sartorius and rectus femoris muscles were 
transacted in the middle of the muscle belly and lifted to 
optimise the deep vasti view. The rectus femoris was cleaned 
from the proximal attachments to the distal attachment. Each 
of the vasti bellies was dissected to reveal each muscle bel-
ly’s origin and insertion. The next step was to see if there 
were any additional QF heads. If there were any, the muscle 
bellies were carefully cleaned in the direction of the transi-
tion to the tendon. Finally, the tendons were dissected to 
identify potential additional tendon bands. The tendons were 
thoroughly cleaned and checked for layering. The places of 
attachment and layering of the tendons of the additional 
QF heads were thoroughly assessed. Then, the muscle was 
excised along with the tendons and its layering was assessed 
from the inside.

Upon dissection, the following morphological features of 
the QF tendon were assessed:

•	 The presence of accessory heads of the QF
•	 The arrangement of the layers of each of the tendons
•	 Morphometric measurements of the tendons of the QF 

(length, insertion width, and thickness)
•	 Assessment of the potential safe length, width and thick-

ness of a QT harvest.

An electronic digital calliper was used for all measure-
ments (Mitutoyo Corporation, Kawasaki-shi, Kanagawa, 
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Japan), and each measurement was performed twice with 
an accuracy of up to 0.01 mm.

Statistical analysis

Statistical analysis was performed for the anatomical part. 
Descriptive statistics were used to characterise the morphol-
ogy of the QF. The Shapiro–Wilk test assessed normality 
of continuous data distribution. It was nonparametric data; 
hence, differences in morphological parameters between 
sexes and body sides were compared with the Manny–Whit-
ney test and the Wilcoxon sing rank test, respectively. The 
Kruskal–Willis test was used to evaluate the individual 
parameters between the different types.

Results

Five types of QT layering were found depending on the 
accessory heads of the quadriceps muscle.

Type I (55.5%)—This type was found in 71 cases. It con-
sisted of four layers: the first layer (superficial) was formed 
by the rectus femoris tendon and fascia.  The second (mid-
dle) was composed of the vastus medialis and superficial 
part of the vastus lateralis muscle. The third layer (middle 
deep) was composed of the intermediate part of the vastus 
lateralis muscle. Finally, the fourth layer (the deep layer) was 
composed of the vastus intermedius. The mean length of the 
QT was 109.55 mm—Fig. 1.

Type II (27.4%)—This type was found in 35 cases. The 
first four layers were the same as type 1, but the accessory 
tendon of the fifth head of the QF had the deepest attach-
ments. The mean QT length was 88.81 mm—Fig. 2a–d.

Type III (10.9%)—This type was found in 14 cases. This 
type included six QF heads. It consisted of five layers. The 
first layer was composed of the rectus femoris and fascia. 
The second layer was formed by the superficial and inter-
mediate part of the vastus lateralis and vastus medialis. The 
third layer consisted of the tendon of the fifth head of the 
QF. The fourth layer was formed by vastus intermedius, and 
the innermost part (the fifth layer) was formed by the tendon 
of the sixth head of the QF. The mean length of the QT was 
78.77 mm—Fig. 3–d.

Type IV (3.1%)—This type was found in 4 cases. This 
type included seven QF heads. This type consisted of only 
four layers. The first layer was formed by the rectus femoris, 
the second layer was formed by the superficial part of the 
vastus lateralis and vastus medialis, and the tendon of the 
seventh head of the QF. The third layer was formed by the 
intermediate part of the vastus lateralis. The fourth layer 
is a fusion between the accessory tendons of the fifth and 
sixth heads of the QF with the vastus intermedius. The mean 
length of the QT was 134.46 mm—Fig. 4a–d.

Type V (3.1%)—This type was found in 4 cases. It 
included eight heads of the QF heads. This type consisted 
of five layers. The first layer was composed by the rectus 
femoris. The second layer was composed of the superficial 
part of the vastus lateralis and vastus medialis. The third 
layer was composed by the intermediate part of the vastus 
lateralis and tendon of the fifth and sixth heads of the QF. 
The fourth layer was composed of the tendon of the seventh 
head of the QF, while the fifth layer was composed of the 
vastus intermedius. The tendon of the eight head of the QF 
was attached to the medial part of the patella. The mean 
length of the QT was 27.92 mm—Fig. 5a, b.

Morphometric measurements between sexes are pre-
sented in Supplementary Table 1, and between the sides 
of the body in Supplementary Table 2. The relationships 
between the types are presented in Supplementary Table 3.

Fig. 1   Type I of the quadriceps femoris tendon. Anterior view. Right 
side. SVL superficial part of the vastus lateralis, IVL intermediate part 
of the vastus lateralis, dVL deep part of the vastus lateralis, VM vastus 
medialis, P patella
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Discussion

The most important finding of the present work was that 
it presents a comprehensive analysis of the quantitative 
anatomy of the QT layers based on anatomical dissections, 
including the accessory heads and tendons of the QF. It also 
provides the distance between the tendon connections and 

the distance from the patella for the various classifications. 
All previous publications were based on the determination 
of layering only, without specifying additional heads (fifth, 
sixth, seventh, eighth).

Much research has been performed on QT layers [1, 7, 
9, 27, 31]. These are variable reports as to the number of 
layers, some indicating only two or three layers, and more 

Fig. 2   a Type II of the quadri-
ceps femoris tendon. Anterior 
view of the quadriceps femoris. 
Left side. SVL superficial part 
of the vastus lateralis, IVL 
intermediate part of the vastus 
lateralis, VI vastus intermedius, 
5 fifth head of the quadriceps 
femoris, P  patella. b Type II of 
the quadriceps femoris tendon. 
Enlarged photo. Anterior view 
of the quadriceps femoris. 
Left side. SVL  superficial part 
of the vastus lateralis, IVL 
intermediate part of the vastus 
lateralis, VI vastus intermedius, 
5 fifth head of the quadriceps 
femoris, P patella. c Type II of 
the quadriceps femoris tendon. 
Posterior view of the quadriceps 
femoris. Left side, VI vastus 
intermedius, 5 fifth head of the 
quadriceps femoris, P patella. 
VM vastus medialis. d Type II 
of the quadriceps femoris ten-
don. Enlarged photo. Posterior 
view of the quadriceps femoris. 
Left side, VI vastus intermedius, 
5 fifth head of the quadriceps 
femoris, P patella. VM vastus 
medialis. SVL  superficial part 
of the vastus lateralis, IVL 
intermediate part of the vastus 
lateralis
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recent studies indicating as many as four. Some believe that 
the number of layers may vary for each person. Waligora 
et al. [27] reported that the QT consisted of three layers, but 
layering was produced by different muscle components as 
their tendons can be bilaminar or trilaminar. For example, 
the rectus femoris can produce both a superficial layer and 
an intermediate layer, and the vastus medialis can produce 
both an intermediate layer and a deep layer.

On the other hand, Zeiss et al. [31] reported that a QT can 
have two to four layers, with two layers present in 30% of 
cases, three in 56% and four in 6%. In 8%, the laminations 
were barely perceptible; they also noted that if two QT lay-
ers were present, the superficial one was composed of the 
rectus femoris and vastus medialis and lateralis, and the deep 
layer was composed of the vastus intermedius. If there was 
a three-layer QT, then the superficial layer was composed 

Fig. 3   a Type III of the quadri-
ceps femoris tendon. Anterior 
view. Right side. RF rectus 
femoris, RT rectus tendon, 
SVL  superficial part of the 
vastus lateralis, IVL intermedi-
ate part of the vastus lateralis, 
DVL deep part of the vastus 
lateralis, VI vastus intermedius, 
5 fifth head of the quadriceps 
femoris, 6 sixth head of the 
quadriceps femoris. b Type 
III of the quadriceps femoris 
tendon. Isolated rectus femoris. 
Anterior view. Right side. RF 
rectus femoris, SVL superficial 
part of the vastus lateralis, IVL  
intermediate part of the vastus 
lateralis, DVL deep part of 
the vastus lateralis, VI vastus 
intermedius, 5 fifth head of 
the quadriceps femoris, 6 sixth 
head of the quadriceps femoris. 
c Type III of the quadriceps 
tendon. Isolated rectus femoris 
and fifth head of the quadriceps 
femoris. RF rectus femoris, 
SVL  superficial part of the 
vastus lateralis, IVL intermedi-
ate part of the vastus lateralis, 
VI vastus intermedius, VM 
vastus medialis, 5  fifth head of 
the quadriceps femoris, 6 sixth 
head of the quadriceps femoris. 
d Type III of the quadriceps 
femoris tendon. Posterior view. 
Right side. RF rectus femoris, 
SVL superficial part of the vas-
tus lateralis, IVL intermediate 
part of the vastus lateralis, DVL 
deep part of the vastus lateralis, 
VI vastus intermedius, 5 fifth 
head of the quadriceps femoris, 
6 sixth head of the quadriceps 
femoris
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of the rectus femoris, the intermediate layer of the vastus 
medialis and vastus lateralis, and the deep layer of the vastus 
intermedius [31]. On the other hand, in the case of a four-
layer QT, then this intermediate layer formed by the vastus 
medialis and vastus lateralis was bilaminar [31].

In turn, Andrikoula et al. [1], Iriuchishima et al. [9], Sonin 
et al. [24], and Yablon et al. [29] report a three-layered QT. 
In all studies, the three layers were identically composed, 

i.e. the rectus femoris formed the superficial layer, while the 
vastus medialis and vastus lateralis formed the intermediate 
layer, and the vastus intermedius formed a deep layer; this 
was confirmed by Zeiss et al. [31] for all three layers.

Of particular interest, Grob et al. [8] reported that six 
elements constitute the QT, including the lateral aponeu-
rosis of the vastus intermedius, superficial and deep medial 
aponeurosis of the vastus intermedius, vastus lateralis, tensor 

Fig. 4   a Type IV of the quadri-
ceps femoris tendon. Anterior 
view. Left side. RF rectus 
femoris, P patella, PT patella 
tendon, VM  vastus medialis, 
SVL superficial part of the vas-
tus lateralis, IVL intermediate 
part of the vastus lateralis, DVL 
deep part of the vastus lateralis, 
VI vastus intermedius, 5 fifth 
head of the quadriceps femoris, 
6 sixth head of the quadriceps 
femoris, 7 seventh head of the 
quadriceps femoris *common 
tendon for the fifth and sixth 
head of the quadriceps femoris. 
b Type IV of the quadriceps 
femoris tendon. Enlarged photo. 
Anterior view. Left side. P 
patella, PT patella tendon, RF 
– rectus femoris, VI vastus inter-
medius, CT common tendon, 
IVL intermediate part of the 
vastus lateralis, SVL superficial 
part of the vastus lateralis, DVL 
deep part of the vastus lateralis. 
c Type IV of the quadriceps 
femoris tendon. Posterior view. 
Left side. P patella, PT patella 
tendon, VI -vastus intermedius, 
SVL superficial part of the 
vastus lateralis, IVL intermedi-
ate part of the vastus lateralis, 
VM vastus medialis, CT com-
mon tendon, 5 fifth head of 
the quadriceps femoris, 6 sixth 
head of the quadriceps femoris, 
7 seventh head of the quadri-
ceps femoris. d Type IV of the 
quadriceps femoris tendon. 
Enlarged photo. Posterior view. 
Left side. DVL  deep part of the 
vastus lateralis, SVL superficial 
part of the vastus lateralis, VI  
vastus intermedius. VM vastus 
medialis
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vastus intermedius, and rectus femoris [8]. The superficial 
layer was composed of the rectus femoris, while the inter-
mediate layer was composed of the medial superficial and 
deep aponeurosis of the vastus intermedius and vastus lat-
eralis and tensor vastus intermedius, and the deep layer was 
composed of the lateral vastus intermedius. Interestingly, 
the authors concluded that the vastus medialis was not part 
of the QT and inserted onto the aponeurosis of the vastus 
intermedius and tendon of the rectus femoris.

It is arguably wrong to include the tensor vastus inter-
medius in layers without any specified types due to the fact 
that it is not always present. Grob et al. [7] found it to occur 
in all limbs, although their research sample was small. On 
the other hand, Olewnik et al. [17] found that accessory 
heads were present in 64.1% of tested samples. Bonnechere 
et al. [3] also found no accessory heads. Olewnik et al. [18] 
indicate in the earliest studies that the QT consists of four 
layers, and not three as previously thought. The difference 
in research was that vasci muscles have a more complex 
structure than previously expected [16]. The vastus later-
alis consists of three parts: superficial, intermediate, and 
deep [16]. Both the superficial and intermediate parts are 
part of the quadriceps tendon [18]. Previously, no one paid 

any attention to it. Both anatomical and MRI examinations 
revealed the presence of four layers [18]. The first layer 
(superficial) was formed by the rectus femoris tendon and 
fascia, the second layer of the vastus medialis and superficial 
part of the vastus lateralis tendons (the superficial part of 
the vastus lateralis and vastus medialis were blended in the 
distal part), the third by the intermediate part of the vastus 
lateralis, and the fourth layer by the tendon of the vastus 
intermedius.

Summarising the information, QT layering should be sys-
tematised. An effective classification should include both 
layers without accessory heads and with accessory heads. 
The present study has yielded significant results, repeat-
ability between given types. Our Type I confirms previous 
studies of the tendon with only four parts of the QF. Type II 
consisted of five layers, although it should be noted that the 
tendon of the accessory head (fifth head) did not participate 
in the formation of the QT, but had a much deeper attach-
ment. Type III exhibited a very interesting layering with 
two accessory QF heads. Most importantly, the second layer 
consisted of three anatomical elements, viz. the superficial 
and intermediate part of the vastus lateralis and the vastus 
medialis, which has not been described previously. Another 

Fig. 5   a Type V of the quadriceps femoris tendon. Anterior view. 
Right side. SVL superficial part of the vastus lateralis, IVL interme-
diate part of the vastus lateralis, VI vastus intermedius, RT  rectus 
tendon, VM vastus medialis, 5 fifth head of the quadriceps femoris, 
6 sixth head of the quadriceps femoris, 7 seventh head of the quadri-
ceps femoris, 8 eight head of the quadriceps femoris, white circle 
shows the connection between fifth head tendon and intermediate part 

of the vastus lateralis. b Type V of the quadriceps femoris tendon. 
Posterior view. Right side. VI vastus intermedius, 5 fifth head of the 
quadriceps femoris, 6 sixth head of the quadriceps femoris, 7 seventh 
head of the quadriceps femoris, 8 eight head of the quadriceps femo-
ris, white circle shows the connection between fifth head tendon and 
intermediate part of the vastus lateralis
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important findings was that the tendon of the second acces-
sory head (the sixth), like in Type II, was independent and 
attached to the deepest layer.

Type IV was an interesting type characterised by three 
additional heads (i.e. seven heads). The name of the fifth 
and sixth heads was joined together and was fused with the 
vastus intermedius, while the seventh head was fused with 
the vastus medialis. This type ideally predisposes to the pos-
sibility of tendon harvest for, e.g. ACL recruitment, due to 
the fact that no tendon attaches separately and the tendons 
blended together to form an uniform QT. Type V, a very 
rare type, was characterised by an accessory four heads (i.e. 
eight heads). The tendon of the fifth and sixth heads of the 
QF together with the intermediate part of the vastus lateralis 
formed the third layer of the QT, while the tendon of the 
seventh head formed the independent fourth layer of the QT. 
The tendon of the eighth head had an interesting site for its 
distal attachment—the medial side of the patella.

It is also very important to know the appropriate possible 
length of the QT to optimise a QT graft harvest. The current 
literature reports that the safe harvest of QT ranges from 5.5 
to 8 cm. [4, 5, 12, 13, 20–23, 25, 30]. Olewnik et al. [18] 
suggested that harvesting tendons appears safe up to 105 mm 
in men, and up to 80 mm in women. Therefore, surgeons 
should be careful when they operated on women because the 
length is much shorter. Current research shows that a global 
and comprehensive approach to the complexity of a structure 
such as the entire QF is important. It is not only possible to 
focus on its layers and the fact that it usually consists of four 
heads, but it is necessary to take into account the presence 
of accessory tendons of accessory heads because they occur 
quite often. It is estimated that in Type I, which consists of 
four layers, the average distance between the tendons and the 
patella is 109.55 mm. This type of layering and the absence 
of accessory tendons, as well as the long distance between 
the tendons and the patella, appear to be safe for QT harvest-
ing and ACL reconstruction. Type II was characterised by 
five layers and its mean distance between the tendons and 
the patella was 88.81 mm. This distance was shorter than in 
Type I, but still seems to be sufficient to harvest this tendon. 
In addition, it is important that the fifth head tendon was 
independent of the QT and attached very deeply, so it can be 
safely stated that in this type of tendons, QT harvesting was 
quite safe. Type III was also characterised by five layers and 
its mean distance between the tendons and the patella was 
78.77 mm. Both the arrangement of its layers and the fairly 
safe distance make this a safe type for tendon harvesting. 
On the other hand, Type IV, which was also characterised 
by five layers, and the mean distance between the tendons 
and the patella was 134.66 mm. This type seems "ideal" 
for tendon harvesting as all the accessory tendons of the 
extra heads fuse with the larger muscles (vasci muscles) and 
the length of the QT was very long. Finally, Type V was 

characterised by five layers with a mean distance between 
the tendons and the patella of 27.92 mm; it also seems to 
be very complicated and it would be definitely difficult to 
perform a sufficient cruciate ligament graft harvest of the 
quadriceps tendon due to its short distance between the ten-
don junction and the patella.

To determine the correct graft segment length when har-
vesting a QF tendon, the periosteal sleeve from the patella or 
a patellar bone block should be deliberated. To improve graft 
fixation and graft incorporation into the tunnel, ACL recon-
struction should include adequate graft length, because poor 
fixation can result in failed ACL reconstruction. Although 
bone–patellar tendon–bone autograft currently appears to be 
the gold standard of ACL reconstruction [26], it is associ-
ated with various problems such as patellar fractures [3, 10, 
26], patellar tendon ruptures [2, 24], and anterior knee pain 
[11, 26]]. Hence, QT harvest trials are becoming increas-
ingly popular. Current studies are examining whether it is 
safer for the patient to harvest the QT with a bone–patellar 
tendon–bone autograft. So far, no one has taken into account 
the complexity of the QT structure, which seems very com-
plicated. It is suggested that the structure of the layers or the 
presence of accessory heads of the QF should be determined 
first, and only then should the possible site of harvesting for 
a reconstruction be determined. This should be determined 
by MRI or ultrasound of the hip or knee region.

There were some limitations to this research. 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 QT. A greater sample size would have been ideal, but 
the small size (n = 128) was attributed to the morphological 
diversity of the muscle. Nevertheless, the study has a greater 
sample size and reveals substantial differences relative to 
prior research [1, 7, 8, 12, 20, 22, 23, 25, 27, 31]. In addi-
tion, the sample population was recruited from a particular 
population of people in the area around Lodz, Poland and 
Madrid, Spain, where they have spent the better part of their 
lives. Therefore, more comprehensive studies are required 
to reveal whether the observed morphological variations are 
present in larger populations.

Conclusion

The findings of this study provide a detailed anatomy of the 
quadriceps tendon including the accessory tendons of the 
accessory heads of the QT. It turned out that QT may be 
represented by more layers than previously reported. The 
accessory heads of the QF contribute to the layering of the 
QT. The second conclusion of this work is the development 
of safe distances depending on the types. Not all types are 
perfect for harvesting.
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