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Abstract

The selection of graft type for anterior cruciate ligament reconstruction remains a topic of debate, taking into consideration
patient characteristics, as well as the type and level of sports involvement. The aim of this scoping review was to investigate
patient characteristics that might influence the selection of graft type for anterior cruciate ligament reconstruction. PubMed
and Scopus were searched to identify articles for inclusion. All included studies focused on one or more patient character-
istics involved in the decision-making process regarding anterior cruciate ligament reconstruction autograft, including the
hamstrings tendon (HT), patellar tendon (BPTB) and quadriceps tendon (QT). Out of the 1,977 initial studies, 27 studies
were included in this review. The BPTB graft seems to be the preferred choice in young patients, females, and athletes—
especially those engaged in pivoting sports. The HT graft seems to be the preferred choice in less active and older patients,
along with those involved in sports where knee extensors are vital. The HT graft is not preferable in patients with a small
body height and graft diameter. Moreover, surgeon preferences were also of importance for graft selection. The success of a
specific graft type in anterior cruciate ligament reconstruction is highly dependent on the patient’s characteristics and type
of sport. Patient characteristics such as age, gender, body height, graft diameter, and the patient’s activity level should all be
considered when choosing the appropriate graft type.

Keywords Patient characteristics - Graft selection - Age - Gender - Body height - Type and level of sports activity
Abbreviations Introduction
ACL  Anterior cruciate ligament
ACLR ACL reconstruction

BPTB Bone-patellar tendon-bone
HT Hamstring tendon

QT Quadriceps tendon

RTS Return to sport
LET Lateral extra-articular tenodesis

Historically, the first extra-articular procedures to treat
anterior cruciate ligament (ACL) injuries were reported by
Bennett in 1926, and Cotton, Morrison, and Bosworth in
the mid-1930s. Campbell described the first intra-articular
procedure for ACL reconstruction (ACLR) using a bone-
patellar tendon-bone (BPTB) graft [1]. The trends of graft
selection for intra-articular reconstruction have evolved
through four phases: beginning with BPTB autograft domi-
nance, followed by increasing use of hamstring tendon (HT)
autograft alongside BPTB autograft dominance, and then
a shift towards HT autograft dominance with fewer BPTB
autograft and the emerge of allografts, and lastly, HT auto-
graft dominance with steady BPTB autograft usage and the
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emergence of quadriceps tendon (QT) autograft usage [2].
Nowadays, there is still an expanding body of research in the
field of ACLR [3], as well as advancements in surgical tech-
niques knowledge. However, despite these developments,
many athletes fail to return to their pre-injury sports level,
and up to 30% of the patients re-rupture their ACL. These
outcomes may be due to clinical failures caused by sport
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activities, changed neuromechanics or clinical failure of the
graft type [4]. Consequently, the selection of graft for ACLR
and the influence of patients’ characteristics as well as sports
type are subjects of ongoing debate [3].

An ACLR is especially important for patients aiming to
return to sport (RTS) [5]. The primary goal of ACLR is to
restore knee anatomy, stability, and function while prevent-
ing post-traumatic osteoarthritis [6]. Each type of autografts
has its advantages and disadvantages, with none considered
‘ideal’ [7]. For example, HT autograft exhibits good clinical
outcomes but may lead to knee flexor muscle weakness [8]
and show individual variability in the tendon diameter [9].
BPTB offers good graft stability due to bone-to-bone fixa-
tion but can result in donor site morbidity, especially ante-
rior knee pain [8]. QT autografts seem to have advantages,
including reduced harvest morbidity and superior structural
properties [10], although limited evidence supports the over-
all benefit of the QT autograft [10]. It is, however, shown
that graft selection and surgical techniques are influenced
by a variety of factors, including surgeon preference based
on patient’s characteristics or experience and patient prefer-
ence [11].

Within the literature, there are numerous patient’s char-
acteristics and sport types mentioned that possibly have an
influence on the graft selection, often without clear explana-
tion and compelling arguments. Therefore, there is a need
for a clear overview of factors influencing surgeons’ deci-
sions, which focuses on patient characteristics and type of
sports. This scoping review focuses solely on graft selec-
tion for autografts. The authors aim to provide insight into
what is known about indicators that influence autograft graft
selection, using the best available evidence. By doing so,
the authors endeavour to identify related factors to patient
characteristics, type and level of sports, and their impact on
graft selection decision-making.

Methods
Study design

Due to the exploratory and descriptive nature of the research
question, a scoping literature review was conducted using
terms related to patient characteristics influencing the
graft selection in ACLR. The steps outlined by Arksey and
O’Mallay were followed for this review [12]. These steps
included the following five steps: 1) the research question
was clarified and the purpose of the study was defined; 2)
the relevant studies were identified by balancing feasibility
with breadth and comprehensiveness; 3) studies using an
iterative team approach were selected to study selection and
data extraction; 4) the data were charted; 5) the results were
collected, summarized and reported.
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Search strategy

Literature was searched in the electronic databases Pub-
Med and Scopus on March 8, 2024. Terms for the data-
base searches included ‘anterior cruciate ligament recon-
struction’ or ‘ACLR’, ‘patient characteristics’ and ‘graft
selection’. The full search strategy can be found in the
appendix. First the title and abstract were screened by the
first author JMR). Two authors (JMR, TV) independently
reviewed the full texts of the identified studies. There
was disagreement on two articles; this was resolved by
consensus.

Inclusion and exclusion criteria

Only articles written in English were included in this study.
The publication date was limited to the past 7 years since
the search date, considering the relevance and the volume
of research conducted in this field, as well as the change in
surgical techniques used over the past decade. Only articles
focusing on one or more patient characteristics in two or
more autografts were included in this study. Articles focus-
ing solely on the surgical technique being used in the dif-
ferent grafts, multi-ligamentous injuries, allografts, as well
as comparisons between allografts and autografts, were
excluded from this study. Articles including patients with
open physes were excluded because the decision-making for
ACLR in patients with open physes is substantially different
as there is no consensus surrounding the grey area of skeletal
maturity [13, 14]. When relevant information was identified
in a systematic review, the concerning articles were exam-
ined and included when they met the inclusion criteria.

Data extraction and charting

Data extraction, performed by the first author (JMR),
included author, year, type of study, intervention type and
comparator when existing, duration of the intervention,
study population, aims of the study, methodology, outcome
measures, significant results, and considerations for future
research. The studies were grouped by the highlighted
patient characteristics in the article, and extracted data were
summarized.

Results

Thirty-two studies were initially selected for the data
extraction process. This full-text screening resulted in the
exclusion of seven articles that did not meet the previously
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mentioned inclusion criteria. Eventually, data were extracted
from 24 articles (see Fig. 1).

In Table 1, the characteristics, as well as the level of evi-
dence, of the included studies are listed.

In Table 2, the most important patient characteristics are
listed. Subsequently, all characteristics will be discussed in
further detail. Patient characteristics are interrelated caus-
ing limited amount of overlap in the upcoming paragraphs.
In Fig. 2, a summary flow chart of the results is presented.

Patient age

Age is seen as the most important patient characteristic to
consider when deciding on an appropriate graft selection
for ACLR [15-17]. Preferences for ACLR grafts in those
patients are divided between ‘young’ (15 to 25 years) and
‘old’ (> 45 years), with some variation among articles. The
most widely accepted graft type for young patients with
closed physes is BPTB graft. The preference for BPTB graft
is strengthened when these young patients are athletes or

patients returning to high-risk activities [13, 16-20]. How-
ever, for older patients (>45 years) a HT graft is preferred
[17].

In the study of Lin et al. [17], age categories were not
specified. However, for patients who are still physiologically
young and moderately active, the HT graft is recommended
[17]. The same recommendations are made for older and
less active patients. The article by Shah et al. [21] found no
differences regarding graft selection for patients over forty-
five undergoing primary ACLR.

Gender

Gender may be an important factor to consider when
choosing the appropriate graft type for ACLR. While no
hard evidence was found to support specific graft rec-
ommendations for gender, some information suggests
potential differences. It is suggested that graft selection
outcomes may differ between females and males due to
several factors. Females are more likely to sustain an ACL
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Table 1 Characteristics of the included studies

Study Type of study Grafts Characteristics Number of participants
Bowman et al. [16] Cross-sectional study BPTB, HT, QT Surgeon preference based on 514
age and sports
Bowman et al. [16] Narrative review BPTB, HT, QT Patient age, gender, graft
diameter, type and level of
sports activity
Etzel et al. 2022 [18] Systematic review BPTB, HT Patient age, gender 1385 (total), 655 BPTB,
525 HT
Herman et al. 2023 [28] Combined retrospective study BPTB, QT Type and level of sports 23 BPTB, 14 QT
activity
Linetal. [17] Review BPTB, HT, QT Patient age N.m
Spindler et al. [25] Cohort study BPTB, HT Patient age, type and level of 770 (total), 492 BPTB, 278
sports activity HT
Salem et al. [42] Cohort study BPTB, HT Patient age 256 (total), 175 BPTB, 81
HT
Maletis et al. [19] Review? BPTB, HT Patient age 36,186
Svantesson et al. [22] Systematic review BPTB, HT Gender N.m
Alomar et al. [33] Systematic review and meta- HT Graft diameter 19,799
analysis
Kyung et al. [37] Editorial BPTB, HT, QT Graft diameter N.m
Matzkin et al. [35] Review BPTB, HT Graft diameter N.m. (8 studies included)
Schwartzberg et al. [23] Editorial BPTB, HT, QT Body height N.m
Belk et al. [27] Editorial BPTB, HT Type and level of sports N.m
activity
Britt et al. [26] Case study BPTB, HT Type and level of sports 71
activity
Arnold et al. [2] Survey BPTB, HT, QT Type and level of sports N.m
activity, Surgeon
Lesevic et al. [14] Cohort study BPTB, HT Gender, type and level of 166 (total), 100 BPTB, 66
sports activity HT
Shah et al. [21] Case study BPTB, HT Patient age 51
Sollberger et al. (2022) Systematic review BPTB, HT Type and level of sports 1833
activity
Goto et al. [24] Cohort study QT Body height 73
Musabhl et al. [36] Review BPTB, HT, QT Graft diameter N.m
Baawa-Ameyaw et al. [15] Instructional review BPTB, HT, QT Patient age, type and level of N.m
sports activity, Surgeon
Fischer et al. [29] Cobhort study HT, QT Type and level of sports 124
activity
Martin-Alguacil et al. [30] Randomized controlled trial HT, QT Type and level of sports 56
activity
Moatshe et al. [31] Review BPTB, HT, QT Surgeon N.m
Cerciello et al. [32] Survey BPTB, HT, QT Surgeon 140

BPTB, bone-patellar tendon-bone graft; HT, hamstring tendon graft; QT, quadriceps tendon graft; N.m., not mentioned

rupture compared to males [22], there are anatomical dif-
ferences between males and females, and male patients

have a higher risk of re-rupture, quadriceps muscle

strength imbalance, thicker tendon diameters, and a dif-
ferent knee flexor function [14, 22]. However, it is impor-
tant to note that there is a gap in literature regarding graft
selection recommendations for males and graft selection
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differences between males and females, and there is a need
for more research in this area.

However, there is some evidence regarding the consid-
eration of graft selection for females. One disadvantage in
females is the generally smaller tendon diameter, which
increases the risk of graft failure, especially in HT auto-
grafts [13]. Therefore, the use of a QT or BPTB graft may
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be more suitable in females. Furthermore, studies focusing
on young females (<25 years old) have shown a lower graft
failure rate for BPTB autografts compared to HT autografts
[13, 18]. This difference is especially significant for female
patients aged between 15 to 20 years, where the use of a
BPTB graft resulted in a significant lower failure rate com-
pared to HT grafts [18]. Additionally, a natural imbalance
in the quadriceps to hamstring muscle activation ratio was
observed in females during activity [13]. Using a HT auto-
graft could exacerbate this imbalance and enhance the risk
of graft failure. When considering knee flexor function, gen-
der should be taken into account considering the interaction
between sex and graft type [14]. Female patients treated with
a HT autograft showed lower knee flexor peak torque than
females treated with a BPTB autograft, suggesting BPTB
grafts may be a better choice than HT grafts for preserving
knee flexor function. Overall, a tendon of the extensors may
be superior for females over a tendon of the flexors.

Body height

The patient’s height is related to the length and diameter of
the semitendinosus tendon [23]. The problem concerning
graft diameters is that a smaller graft diameter may increase
graft failure rate [13]. In shorter patients, especially in
shorter females, the length of the HT graft does not allow for
a quadrupled graft construct of acceptable length. Therefore,
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the HT graft is discouraged in short patients [23]. Goto et al.
[24] argues that QT graft is a viable option for shorter skel-
etal lengths with similar results for muscle strength recovery,
morbidity, and readiness to RTS between the small-statured
female group and the control group.

Type and level of sports activity

Activity level is an important factor to consider when decid-
ing on the ideal ACL graft for a patient. For patients partici-
pating in sports such as soccer, sprinters, and judo, a post-
operative knee flexor deficit, potentially caused by HT graft
harvest, could limit their performance [13]. In such a case,
BPTB grafts could be the preferred choice [13]. Indeed,
BPTB grafts show positive functional outcomes and good
RTS [15, 25, 43] and are especially preferred in patients
participating in pivoting sports [16]. Athletes competing in
high school, club, or college sports had a higher chance of
receiving a BPTB graft compared to patients participating
at a recreational level [20]. Britt et al. [26] found that for
female soccer players, BPTB grafts resulted in a higher pro-
portion of patients returning to any level of soccer, as well
as preinjury levels, compared to HT grafts. Moreover, they
found that HT grafts failed 2 times more frequently and fear
was reported twice as often in patients with a HT graft com-
pared to the BPTB graft in female soccer players. However,
they did not find significant results in RTS. On the contrary,
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Belk et al. [27] reported that BPTB grafts resulted in higher
RTS and return to pre-injury level of sports. Moreover, they
found lower rotational stability for BPTB grafts compared
to HT grafts in athletes aged 15 to 25 years.

For sports such as volleyball or alpine skiing, knee exten-
sors play a crucial role. They are essential for bilateral jump-
ing and situation-dependent knee joint loading [13]. QT
grafts or BPTB grafts might cause a post-operative knee
extensor deficit and are therefore not preferred in patients
performing these kinds of sports [13]. Also, when knee flex-
ion function is decreased by choosing a HT graft over the
BPTB graft, the quadriceps-to-hamstrings force ratio will
shift towards the quadriceps, resulting in stronger quadriceps
in relation to the hamstrings, which is suggested to be prefer-
able in sports were knee extensors are important.

Herman et al. [28] found similar RTS results for BPTB
grafts compared to QT grafts in female soccer players. Also,
QT grafts showed, within one post-operative year, similar
results to HT grafts in knee flexion torque and adequate
strength levels, however, resulted in more knee extension
strength deficit [29, 30]. When a patient aims for RTS where
the quadriceps are important, this knee extension strength
deficit should be considered and a graft of the extensors
may not be ideal. If this is not the intention, the QT graft
should be favoured over the HT graft, considering the
quadriceps-to-hamstring muscle activation ratio, which is
in favour of QT graft [29, 30]. In this case, the hamstrings
remain stronger in relation to the quadriceps, which theoreti-
cally results in less forward pull on the tibia due to muscle
activity.

Work

Nowadays there is no existing literature regarding the type
of work and graft selection; however, it may be important to
investigate whether the job of the patient requires frequently
kneeling activities. In such cases, BPTB may not be optimal
due to the increased risk of anterior knee pain [2, 15].

Surgeon

First, it should be noted that the surgeon ultimately has the
largest influence on the graft used for ACLR [20, 31]. The
familiarity of the surgeon with a specific graft selection and
technique performed should be considered in the decision-
making process [15, 32]. Bowman et al. [16] found that the
number of years in practice and the age of the surgeon did
not influence the selection of graft type. However, surgeons
who completed a sports medicine fellowship were more
inclined to choose BPTB graft over HT graft compared
to surgeons who did not follow a sports medicine fellow-
ship [16]. Altogether, the surgeon’s preference is of great

importance in the decision-making process. However, an
individualized approach that considers factors influencing
the functional outcomes of ACLR is becoming increasingly
important and should be taken into consideration as well
[2,31, 32].

Discussion

This scoping review highlights the patient characteristics
that influence the graft selection for ACLR, as identified in
scientific literature. Most importantly, this review empha-
sizes the need for a personalized approach in graft decision-
making, and orthopaedic surgeons treating ACL injured
patients should be aware that a single technique may not be
suitable for all patients. Factors such as age, gender, body
height, graft diameter, and the patient’s activity level should
all be considered when choosing the appropriate graft type.
Moreover, the findings of this review uncovered several
gaps in the literature, which will be discussed below. These
gaps include issues with generalizability in studies, a lack
of research surrounding upcoming graft types, such as the
QT graft, and conflicting results in studies regarding specific
characteristics, such as graft diameter and age.

An overall preference for the BPTB graft was found for
younger patients, females, and athletes, especially patients
participating in pivoting sports. This preference may be
because of the lower failure rate and high chance to return to
pre-injury level of sports associated with BPTB autografts.
Conversely, an overall preference for the HT graft was found
for moderately or less active and older patients and patients
participating in sports where knee extensors play a crucial
role, such as in skiing. This preference may be due to less
donor site morbidity, lower knee pain, and higher residual
quadriceps strength compared to the use of BPTB grafts.
The most disagreement in the literature appears to concern
young female athletes. Specifically, the BPTB graft has a
lower re-rupture rate compared to the HT graft, but using a
BPTB graft may result in more donor site morbidity, poten-
tially leading to complications such as reduced strength and
decreased range of motion. Moreover, the patient’s desired
level and type of activity should be considered when decid-
ing on the graft type, since harvesting a specific tendon may
possibly lead to limitations in movements associated with
that tendon.

Related to these patient characteristics, is graft diameter.
The height of the patient is a predictor for the diameter of
the semitendinosus tendon. The problem concerning graft
diameters is that a smaller graft diameter may increase
graft failure rate [13]. Moreover, a thin graft can lead to
disadvantages of the healing process, which is of particular
concern for women [13]. The diameter for a HT graft used
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for ACLR should be over 7 mm according to the reviews
of Alomar et al. [33], Spragg et al. [20] and Magnussen
et al. [34], and over 8 mm according to Matzkin et al. [35].
With this diameter thickness, the likelihood of graft failure
decreases [35]. An advice to aim for larger diameters [13,
36], or a minimum of at least 9 mm [35], is given when
ACLR involves patients < 20 years of age, female athletes,
or patients participating in high-demanding sports. There
may be evidence to use a QT graft because the minimum
graft diameter mentioned above cannot be expected in every
HT graft for all patients [23]. Overall, a HT graft causes
more complications than the BPTB graft considering graft
diameter [13, 35, 37]. Therefore, graft diameter is important
in graft selection [13, 35, 36] and for this reason, especially
in female, an extensor tendon may be the superior choice
over a HT graft.

What this review does not address, but nowadays an
important consideration for surgeons when making graft
selections, is the use of additional procedures combined
with ACLR using HT, BPTB, or QT graft. For instance,
various surgical procedures aimed at stabilizing the antero-
lateral corner have been recently introduced, such as a lateral
extra-articular tenodesis (LET) using the iliotibial band [38,
39]. This procedure appears to be beneficial for limiting rota-
tional stability in ACLR patients and improving subjective
outcomes [38, 39]. Moreover, a logistic regression model
with the same predictors as discussed in the current review
showed that patients who received HT alone were 3.4 times
more likely to experience a re-rupture compared to those
who received a combination of HT and a LET [40]. These
results may confirm the protective nature of HT combined
with LET against re-ruptures in young, active patients when
compared to HT graft alone. This lower failure rate may
be due to the ability of a LET to provide greater control of
rotational laxity, as supported by multiple of biomechanical
and clinical studies [39, 41].

In the context of the current literature on ACLR, this
scoping review brings together an extensive body of recent
research to emphasize crucial factors in graft selection.
The trends observed across diverse studies underscores the
crucial impact of the patients age, graft diameter, and the
surgeon. The results provide a nuanced understanding of
the dichotomy in choices for ‘young’ and ‘older’ individu-
als, as well as clear recommendations for sports were knee
flexors are of great importance [13, 16-20, 42]. However,
while this review captures the prevailing trends in ACLR,
it also uncovers notable gaps. Specifically, there is limited
evidence on ACLR recommendations for the middle-aged
population, males, and populations engaged in specific jobs.
Also, a notable gap exists surrounding the recommendations
for the use of QT grafts, emphasizing the need for further
research to elucidate the potential benefits and drawbacks
of this graft type. Moreover, in some areas, no consensus
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is reached for graft type recommendations, particularly
regarding graft diameter, also in relation to the height of the
patient. As more and more research is conducted, this review
serves as a guideline, delineating what is known, but equally
important, what is not known, and by identifying gaps in
recommendations for graft type in ACLR.

A strength of this scoping review is that all recent
research conducted in the field of ACLR and the decision-
making process of graft selection is included. No limitations
were set on the patient population, resulting in a complete
overview of the literature for all patient populations in the
field of ACLR. Moreover, this review shows the gaps in the
literature regarding the decision-making process of ACLR
graft type.

However, our scoping review has some limitations.
Firstly, while patient characteristics are essential for ACLR
graft type selection and optimal recovery, the available lit-
erature provides limited evidence for specific patient pop-
ulations, such as patients with work demanding kneeling
activities and graft recommendations for males. However,
those studies did result in specific recommendations. Stud-
ies involving a more diverse population often did not reveal
distinct differences in graft preferences. This highlights the
importance of studying specific patient characteristics to
derive precise graft recommendations tailored to individ-
ual needs. Another limitation is the scarcity of information
regarding the QT autograft. Some studies describe QT use
as very promising, but the lack of evidence surrounding this
graft makes it difficult to make a reliable comparison with
BPTB and HT autografts. Then, studies often yield conflict-
ing outcomes, complicating the interpretation of the results
of the studies and providing a transparent preference for a
graft type. Lastly, no quality assessment was done due to the
scoping nature of the review, which is also not required for
scoping reviews.

More high-quality research is needed to gain a better and
more specific understanding of when to use which graft type
and which patient characteristics are most important to con-
sider in the decision-making process for ACLR. Research
should be conducted in specific populations to establish
clear preferences for these populations, as research in a more
varied population does not lead to any apparent results.

Conclusion

Based on the available literature, the conclusion is that
a BPTB graft seems to be the preferred choice in young
patients, females, and athletes—especially those engaged
in pivoting sports. The HT graft seems to be the preferred
choice in less active and older patients, along with those
involved in sports where knee extensors are vital. Moreo-
ver, surgeon preferences were also of importance for graft
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selection. Selecting the right graft for an individual can
significantly reduce the risk of graft failure, facilitate safe
return to sports, and enhance overall quality of life. It is

Appendix 1: Search string

important to recognize that the ideal graft choice varies for
each person and the individual patient characteristics should
be taken into account in the decision-making process.

(((Anterior cruciate ligament OR ACL) AND (reconstruction OR injury OR surgery OR tear

OR rupture)) OR ACLR)
AND

(patient characteristics OR sports level OR type of sports OR type of sport OR gender OR age

OR activity level)
AND

(graft choice OR graft selection OR graft preference OR preference)
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