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Abstract
Purpose Free quadriceps tendon autograft (QTA) has gained popularity for both primary and revision ACL reconstruc-
tion. The aim of this study is to measure the dimensions of quadriceps tendon and determine its correlation with patient’s 
height, weight and BMI. This is to provide a guide for patients and surgeons in predicting the suitability of QTA for ACL 
reconstructions.
Methods A cross-sectional study in which the length and thickness of the quadriceps tendon was measured in 51 Caucasian 
patients who underwent primary total knee arthroplasty. Exclusion criteria include non-Caucasians and previous tendon 
pathology. Patients were selected from routine elective total knee arthroplasty list. Tendon length is taken from musculo-
tendinous junction to its insertion. Thickness was measured at midpoint and at distal insertion. Patients’ height, weight and 
BMI were recorded. The correlation between patient physical parameters and tendon dimensions were determined.
Results Subjects’ median age was 65 years (range 44–87), with 34 females and 17 males. Median length of the tendon was 
9 mm (range 70–110), and median insertional thickness was 9 mm (7–10 mm). Median thickness at midpoint was 7 mm 
(range 4–10 mm). There was moderately positive correlation between subjects’ height and tendon length (correlation coef-
ficient 0.50), and also between weight and tendon length (correlation coefficient 0.47). There was no significant correla-
tion between subjects’ BMI and the tendon length. There was also no significant correlation between tendon thickness and 
subject’s physical parameters.
Conclusion This study has shown that most patients could provide adequate QTA for ACL reconstruction. It also points to 
the fact that no investigation is required to predict the adequacy of QTA. Though further studies with larger sample size are 
required to confirm this, clinician can rely on analysing patients’ physical parameter in predicting the adequacy of QTA for 
ACL reconstruction.
Level of evidence II.

Keywords ACL reconstruction · Bone–patellar tendon–bone graft · Hamstring autograft · Donor site morbidity · Free 
quadriceps tendon autograft

Introduction

Autograft choice for anterior cruciate ligament (ACL) recon-
struction has remained controversial with wide variations 
in practices worldwide [10, 30]. Proponents of different 
grafts put forwards different reasons for their choice with 
donor site morbidity, graft availability, ease of harvest, graft 
incorporation, size and ultimate strength, featuring on the 
list [11].

Bone–patellar tendon–bone (BPTB) was once considered 
the ‘gold standard’ due to some of its properties and level of 
patient satisfaction on long-term follow-up [25]. It has been 
credited with high ultimate load to failure strength, good size 
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consistency, ease of harvest, with good bone to bone heal-
ing within the tibial and femoral tunnels [29]. It has a few 
downsides, however, with patella tendon rupture, weakness 
in quadriceps strength and loss of full knee extension, ante-
rior knee pain and difficulty with kneeling reported [32, 34].

Hamstring tendon autograft (HTA) is a commonly used 
graft choice for ACL reconstruction [13]. It has the advan-
tage that the complications associated with BPTB harvest 
can be obviated. It is also noted that a quadrupled strand 
of HTA has an average load to failure strength higher than 
that of BPTB graft (2422 N vs 1785 N) [12]. However, this 
is not considered clinically significant as both are stronger 
than native ACL which is 1730 N. The downside of HTA 
includes reduced strength of knee flexion, risk of injury to 
the sciatic or saphenous nerve with harvest, and inferior fixa-
tion strength [18, 26, 31]. It also has a relatively poorer long-
term result and higher re-rupture rate compared to BPTB 
graft [40].

Donor site complications led to the search and use of allo-
grafts, which in turn presented their own problems of disease 
transmission, immunogenic reactions, slower incorporation, 
and higher graft failure rates [20]. Their use is, therefore, not 
popular. Then, synthetic grafts were considered, but these 
also presented barrage of problems with subsequent decline 
in their use [28].

The use of quadriceps tendon autograft (QTA) with or 
without bone plug has seen a surge in popularity in recent 
years, undoubtedly in effort to avoid complications and 
problems associated with other grafts choices above [5, 41, 
42, 44, 50]. Blauth [6] introduced use of quadriceps tendon 
with bone plug [6], and Stäubli (1992) popularised this in 
1992 [22]. Fulkerson et al. used it as a free graft in 1995 
[16]. Studies show less anterior knee pain and morbidity, 
and comparable outcomes using free quadriceps tendon [16, 
29, 46]. The role of QTA has also been highlighted in revi-
sion ACL reconstruction, paediatric population [4], and in 
anatomic single- or double-bundle ACL reconstruction [8].

It would be useful for surgeons and patients to know the 
probability of a suitable QTA harvest in a particular patient. 
This can be done through investigations that may or may not 
be invasive. This study attempts to provide this information 
through the analysis of simple physical patient parameters 
such as height, weight, BMI and sex, without relying on 
imaging or any invasive procedure.

Materials and methods

As this research had no bearing on the outcome or proce-
dures being carried out, it was deemed by the Research 
Committee that ethical approval was not required. Further 
details of this consideration can be obtained from Head of 

Research Governance of South Warwickshire NHS Founda-
tion Trust, United Kingdom.

This is a cross-sectional study in which the length and 
thickness of the quadriceps tendon was measured in 51 
Caucasian patients who underwent total knee arthroplasty 
(TKA). Patients who met the inclusion criteria were selected 
from cohort of patients scheduled to have primary TKA. 
Inclusion criteria are follows:

1. No reported or obvious previous patella or quadriceps 
tendon pathology. These were determined following 
history and examination. Patients who have had pre-
vious surgery (excluding arthroscopy for other condi-
tions other than ligament reconstruction), or trauma 
that necessitated knee surgery were excluded. As such, 
patients with previous bone and ligament surgery around 
the knee were not included.

2. Patients of Caucasian ethnicity. It was envisaged that 
over the study period, comparable number of patients 
of ethnicity other than Caucasians, is unlikely to be 
encountered, to allow reasonable generalisation to 
be made. In addition, more than 95% of patients that 
undergo ACL reconstruction in this institution are of 
Caucasian ethnicity.

The rational for the inclusion criteria is to eliminate pos-
sible variation in tendon parameters that may be due to eth-
nicity or previous tendon pathologies. This study ran over 
a period of 6 months. Out of the 82 patients included in the 
routine operating list from which patients were selected, 51 
met the criteria. Eleven were excluded due to ethnicity and 
20 due to previous tendon pathology or knee surgery.

Measurements were taken intraoperatively following full 
exposure of the knee but before retraction and bone cuts 
were made. This was to avoid any effect these might have 
on the tendon thickness and/or length. The incision used for 
all TKA in the study was straight midline skin incision with 
medial para-patella exposure. With the knee in 45°–90° of 
flexion, the superior pole of the patella was identified and 
was located with the aid of a needle inserted in the midpoint 
of the tendon in the longitudinal axis. The musculotendi-
nous junction was determined at the centre of the tendon as 
it begins to fade into muscle tissue. This was then marked 
with a sterile marker pen and the distance between the mark 
and needle measured with a sterile ruler. The accuracy of 
this measurement was to the nearest millimetre. The mid-
point between the marker and needle were determined and 
the thickness of the tendon measured with a calliper at this 
point. Here, the accuracy was again to the nearest millimetre.

Patients’ height, BMI, and weight were recorded from 
the measurement taken during the pre-op assessment. This 
assessment is usually done 2–4 weeks prior to the patients’ 
booked operation.
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The correlation between tendon parameters (length, 
midpoint thickness, and thickness at insertion) and these 
patients’ physical attributes were analysed.

Statistical analysis

Pearson’s product moment correlation coefficient was used 
to check the correlation between various parameters. A value 
between + 0.4 and + 0.6 was inferred as fair to moderately 
positive correlation [3]. The sample size determination has 
been based on previous studies [48, 51] which studied the 
correlation between autograft sizes and patients anthropo-
metric parameters, with sample size of 61 and 62, respec-
tively. It was, therefore, inferred that taking measurement 
across 51 patients selected from sample size of 82 patients 
will provide a reliable representation of the population 
studied.

Results

This study had 34 females and 17 males in the sample, with 
median age of 65 years (range 44–87). Median length of the 
quadriceps tendon and thickness at insertion point were both 
9 mm (range 70–110, and 7–10 mm, respectively). Median 
thickness at midpoint was 7 mm (range 4–10 mm).

There was a moderately positive correlation between the 
subjects’ height and tendon length (correlation coefficient 
0.50), and also between weight and tendon length (correla-
tion coefficient 0.47). There were no significant correlations 
between subjects’ BMI and the tendon length, and between 
tendon thickness and subject’s height, weight or age.

Forty-eight out of 51 subjects had a minimum tendon 
length of 80 mm. Three subjects had a tendon length of 
70 mm, 70 mm and 75 mm, respectively. Of note is that 
all three were females with height less than 160 cm. How-
ever, the number is not large enough to infer a correlation 
between sex and tendon length. Though, there’s a possibility 
that females of this height or less are more likely to have 
shorter tendon length.

Discussion

The most important finding of the present study is that using 
patient’s physical parameters alone, the probability of har-
vesting adequate QTA for ACL reconstruction in a patient 
can be predicted.

This study found that all 51 (100%) subjects had a mini-
mum tendon length of 70 mm, and 49 out of 51 (96%) had 
minimum midpoint thickness of 5 mm. This shows that 
with the standard practice of harvesting 10 mm width of 
the quadriceps tendon, a graft with cross-sectional area of 

10 mm × 5 mm could be harvested from 96% of the subject 
in this study. This will provide adequate length and thickness 
of graft for carrying out ACL reconstruction using stand-
ard technique [17]. Two of the subjects had midpoint thick-
ness of 4 mm and this could not be correlated with patient’s 
sex, height or weight. However, given that up to 20 mm of 
quadriceps tendon width could be harvested with no unto-
ward effect [14] harvesting up to 15 mm width of tendon will 
mean that all the subjects could provide adequate quadriceps 
tendon graft for ACL reconstruction. In addition, measure-
ments in the present study were taken from the centre of the 
tendon, but harvesting from the lateral side of the tendon 
could give a longer tendon length [8].

Preoperative predication of autograft parameters is help-
ful for both patients and surgeons [35]. Janssen et al. corre-
lated the length and thickness of hamstring tendon autograft 
(HTA) harvested during ACL reconstruction with patient 
height and gender and found that height was a good predic-
tor of graft length, while male gender was associated with 
thicker graft [23]. Zakko et al. applied preoperative MRI 
to measure the sizes of frequently used grafts [51]. For the 
quadriceps tendon, they measured the thickness at 10, 20, 
and 30 mm from the insertion. They observed that there is a 
significant correlation between patients’ anthropometric data 
and the thickness of the quadriceps and patella tendons, and 
advised preoperative MRI measurement to obtain this infor-
mation. This study points to the fact that preoperative MRI is 
not required once patients’ physical parameters are known.

Though it is acknowledged that the patients’ group in this 
study and the group of patients that usually require ACL 
reconstruction are different, older patients are more likely 
to have less bulk of tendon [21, 36]. It could, therefore, be 
expected that if patients within the age group of patients in 
this study had adequate tendon size for ACL reconstruc-
tion, younger patients will most likely have adequate size of 
tendon for ACL graft.

Stergios et al. also evaluated the anthropometric param-
eters of hamstrings with regards to their adequacy for ACL 
reconstruction and found that semitendinosus of adequate 
length was harvested in 79% of the cases [48]. Similar to 
findings in this study, they found moderate correlation 
of patient’s height and weight with the hamstring tendon 
length. Additionally, the mean length and thickness of the 
tendon in this study was similar to that reported by Schulz 
et al. [39]. They used bone plug free quadriceps graft for 
ACL reconstruction and noted that the shortest length of 
quadriceps tendon graft was 75 mm, whereas in this study, 
there were two subjects with length of 70 mm.

No correlation between tendon length and age was found 
in this study. However, when the correlations with subject’s 
height was looked at, those with tendon length 75 mm or less 
were shorter than 160 cm in height and were all females. In 
these subjects, there will be 1 in 6 probability of harvesting a 
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free soft tissue graft of less than 80 mm. Cavaignac et al. [9] 
noted that harvesting from the lateral side would be prefer-
able if greater length is desired. However, as the minimum 
length of tendon graft for standard technique fixation is 
70 mm [16], this may not pose any additional problem par-
ticularly in primary ACL reconstructions. In addition, all the 
patients in this study cohort had arthritis. This is noted to be 
associated with shorter or contracted quadriceps tendon [20, 
35], and this means that there is a good chance of harvest-
ing graft of greater length and thickness in patients of same 
sex, height and weight but younger and with no arthritis or 
similar pathology.

It has been reported that the use of hamstring tendon 
autograft (HTA) and bone–patellar tendon–bone (BPTB) 
autograft produce equivalent clinical results [33, 37]. How-
ever, donor site morbidity has received considerable atten-
tion over the years [24, 43]. A study comparing the pain 
levels in immediate postoperative period between quadriceps 
tendon autograft (QTA) without bone block and HTA, found 
that use of QTA lead to less postoperative pain and less anal-
gesic consumption [7]. Till date, there are three studies that 
directly compared QTA with HTA [9, 27, 45]. Cavaignac 
et al. [8] found that the QTA did better on the Lysholm and 
KOOS symptoms scores, and the negative Lachman com-
ponent was higher in the QTA than in the HTA group, while 
there was a trend for the negative pivot shift component to 
be higher in the QTA group than in the HTA group. They 
concluded that the use of QTA graft in ACL reconstruc-
tion leads to equal or better functional outcomes than does 
the use of HTA, without affecting morbidity. Lee et al. [26] 
compared bone quadriceps tendon autograft (BQTA) with 
double bundle hamstring tendon graft (DBHTA) and found 
similar knee stability and functional outcome scores between 
the two. Additionally, they found that the quadriceps group 
had better flexor muscle strength recovery, indicating a 
potential advantage of BQTA in ACL reconstruction. In the 
above two comparative studies, similar technique of fixa-
tion was used for the two groups. Sofu et al. [44] however, 
found increased laxity with BQTA, but it is to be noted that 
they utilised two different fixation techniques for BQTA and 
HTA, which may have contributed to this difference.

It is known that there is regrowth of the hamstring tendon 
within 1 year of the primary harvest [24]; re-harvesting this 
with adequate graft length and strength for revision ACL 
reconstruction has not been reported. Re-harvesting the cen-
tral patella tendon cannot be recommended due to significant 
clinical, radiographic and histological abnormalities 2 years 
after harvesting its central third [24]. In addition, revision 
procedures frequently require thicker graft with equivalent 
or greater ultimate load to failure. QTA meets these criteria 
[41], and has, until recently been used mainly for revision 
surgery [14]. In cases of revision ACL or multi-ligamentous 
reconstructions, the surgeon is also limited by the available 

autologous graft options. There is, therefore, a case to con-
sider use of QTA as graft of choice for revision or primary 
ACL reconstruction where HTA or BPTB has previously 
been used or in limited supply. This present study, therefore, 
provides a guide, as well as reassurance, that if up to 20 mm 
width of the quadriceps tendon is taken, there is high degree 
of certainty that an adequate graft size will be obtained for 
primary and revision ACL reconstruction.

Akhtar et al. found that 58% of revision ACL reconstruc-
tions were done with BPTB and 54% with HTA usually 
from the opposite limb [2]. Frank et al. also concluded that 
given the similar outcomes and failure rates for most patients 
undergoing ACL revision with BPTB autograft and HTA, 
determining the most appropriate graft for a given patient 
undergoing ACL revision should be based on both patient 
and surgeon preferences [15]. To avoid the potential com-
plications associated with BPTB graft while at the same 
time obtain a graft of similar size and strength, one could 
consider the QTA if patients’ physical parameter of height, 
weight and BMI are reassuring. In favour of QTA is also 
the desire to avoid double limb draping, contralateral limb 
pain and risks associated with HTA harvest. The finding by 
Häner et al. showing similar outcome using ipsilateral QTA 
as compared to using HTA from contralateral limb for ACL 
revision [19], supports this view. Once again, when patients’ 
parameters are reassuring, this study will guide the surgeon 
in choosing QTA as the graft of choice.

Some authors have claimed advantage of bone to bone 
integration when using BPTB autograft for ACL revision. 
However, a randomised control trial comparing the long-
term outcomes after HTA versus BPTB autograft for revi-
sion ACL reconstruction found no significant difference in 
the rate of graft rupture or contralateral ACL injury in the 
final follow-up [49]. In addition, Runer et al. found no sig-
nificant difference between patients reported outcome (PRO) 
2 years after using either the QTA or HTA [38]. They, there-
fore, concluded that both QTA and HTA show acceptable 
and comparable PRO scores making the QTA a reliable graft 
alternative to HTA for primary/revision ACL reconstruction. 
There appears, therefore, no advantage of using BPTB over 
QTA on the ground of bone to bone fixation. But for sur-
geons who believe bone to bone fixation to be significantly 
superior, harvesting the QTA using a technique described by 
Kim et al. providing bone plug at each end of the QTA will 
meet this requirement [25].

Fulkerson and Langeland reported that the quadriceps 
tendon can be an effective graft sources with or without 
patella bone block [16]. This is particularly suitable as an 
alternative for primary procedures. Stäubli  et al. showed 
that the QTA has up to 1.36 times the ultimate tensile failure 
load as compared to BPTB graft [47]. Though the donor 
site morbidity following QTA has not been extensively 
reported, it was observed that patients report considerable 
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pain during the first 2 weeks, and pain during flexion for 
the first 4–6 weeks. In the long term, there were no local 
sequelae [5]. It has also been shown that harvest of a cen-
tral quadriceps free tendon graft leaves a stronger extensor 
mechanism than harvest of a patella tendon graft [1].

This study has shown that most patients could provide 
adequate QTA for ACL reconstruction. It also points to the 
fact that no investigation is required to predict the adequacy 
of QTA. Though further studies with larger sample size 
are required to confirm this, clinician can rely on analysing 
patients’ physical parameter in predicting the adequacy of 
QTA for ACL reconstruction.

Strengths of this observational study lie in its ability to 
guide the surgeons in predicting the suitability of graft for 
ACL reconstruction without involving radiological or inva-
sive investigational procedure.

Limitations of this study include small sample size. In 
addition, most patients in our cohort coming for TKA will 
have significant arthritis of the knee joint which may affect 
the quadriceps tendon properties. The patient age range in 
this study is different from patient age range that usually 
requires ACL reconstruction. However, the effects of these 
are likely to be positive with respect to the tendon size and 
suitability for ACL reconstruction in younger age group.

This study has provided a useful insight, both for patients 
and surgeons, on the possibility of harvesting adequate free 
quadriceps tendon autograft from most patients requiring 
ACL reconstruction—both primary and revision. Going 
forward, in day to day practice, surgeons and patients, who 
want to benefit from the advantages of free QTA for ACL 
reconstruction, can be reassured that with no invasive inves-
tigations, the possibility of obtaining an adequate QTA can 
be determined.

Conclusions

This study has provided a guide to the probability of harvest-
ing adequate size quadriceps tendon autograft for primary 
and revision ACL reconstruction. In up to 96% of subjects, 
quadriceps tendon offered a graft of adequate length to carry 
out ACL reconstruction using standard technique. If intra-
operative measurement of tendon thickness is taken and 
found to be less than 5 mm, up to 20 mm width of tendon 
could be harvested to give the desired size of graft for most 
patients. Similarly, if the length of the free graft is less than 
75 mm the senior author (SEK) would recommend including 
patella bone plug harvest to ensure adequate fixation within 
the tunnels.
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