
R E V I EW

Optimal Graft Choice in Athletic Patients with
Anterior Cruciate Ligament Injuries: Review and
Clinical Insights
Katarina Sim 1, Richard Rahardja1,2, Mark Zhu1, Simon W Young1,2

1Department of Orthopaedics, North Shore Hospital, Auckland, New Zealand; 2Department of Surgery, University of Auckland, Auckland, New Zealand

Correspondence: Katarina Sim, Department of Orthopaedics, North Shore Hospital, 124 Shakespeare Road, Takapuna, Auckland, 0620, New Zealand,
Email katarina.sim@waitematadhb.govt.nz

Abstract: Anterior cruciate ligament (ACL) rupture is a common sporting-related knee injury with a potentially detrimental impact
on the athlete’s career, yet there is no formal consensus on the optimal graft choice for reconstructing the ruptured ACL in this
specific population. Options for reconstruction include autograft, allograft, and artificial grafts. However, each has associated failure
risk and donor site morbidity. Our operational definition of the athlete is a skeletally mature individual participating in high level
activity with the expectation to return to pre-injury level of activity. The athlete has unique injury characteristics, post-operative
expectations, and graft demands that differ to the general population. Long-term outcomes are of particular importance given on-
going mechanical demands on the reconstructed knee. Therefore, the purpose of this review is to consolidate current literature on the
various ACL reconstruction graft options, with a focus on the optimal graft for returning the athlete to activity with the lowest rate of
re-injury.
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Introduction
The anterior cruciate ligament (ACL) is the primary restraint to anterior tibial translation and contributes to tibial
rotational stability. Rupture of the ACL commonly occurs during sporting activity involving either a non-contact or
pivoting mechanism. A higher incidence is observed in the young athlete population, with surgical reconstruction often
performed to restore structural stability to the knee and facilitate return to sport. Reconstructing the ACL-deficient knee
may also reduce the risk of long-term complications due to instability, such as injury to the menisci and cartilage.1,2

Additionally, reconstruction has been shown to be economically advantageous with an increase in quality-of-life
compared to rehabilitation and non-operative management.3,4

The ideal graft for reconstruction of the athlete’s ACL will recreate the complex anatomical and biomechanical properties of
the native ligament. An adequate graft length of over 7 cm with a mid-substance diameter between 10–11 mm contributes to the
mechanical properties that allow the graft to withstand the tensile load, stiffness, and strain of a native ACL with minimal
structural graft-related complications.5–8 As this surgical technique has evolved over decades, a number of different grafts have
been used by surgeons around the world. Each graft has unique features, advantages, and disadvantages, and ultimately graft
choice is individualized depending on multiple factors. This includes surgeon experience and preference, tissue availability,
patient activity level, occupation, comorbidities, prior surgery, extent of injury, and patient preference. Each contributes to the
likelihood of post-operative success, which itself is a subjective measure unique to each patient. Aspects of surgical technique,
such as graft fixation or femoral tunnel drillingmethod (transtibial or anteromedial portal) may also influence outcome; however,
these have less influence on revision rates than graft selection and patient factors such as age.9,10 Better understanding of graft
choices and knowledge of updated evidence will facilitate decision-making around graft choice and ultimately improve
outcomes, decrease morbidity, and lower revision rates.
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In the athletic population, the primary goal of ACL reconstruction (ACLR) is to return the athlete back to sport at
the lowest rate of reinjury. Taking into consideration this goal, we aim to review the current literature on graft choices
and outcomes and provide our recommendation on the ideal graft choice in primary ACLR in the athlete population.

Discussion
ACLR Graft Options
ACLR graft choices can be broadly categorised into autograft, allograft, and artificial grafts. The ideal graft should have
similar properties to the native ligament, limit donor site morbidity, and allow for secure fixation and rapid
incorporation.8

Autograft
Three autograft options are commonly used. The bone patella tendon bone (BPTB) autograft is classically harvested from the
middle third of the patellar tendon. It produces a consistent graft diameter of around 10 mm and contains bone plugs from the
patella and tibia at either end of the graft that facilitates bone-to-bone healing within the bony graft tunnel.11,12 This reinforces
fixation stability and is comparable to fracture healing, which is faster and stronger than soft tissue healing.7 Typically, fixation
is achieved using an interference screw which engages the bone plugs of the graft in the bony tunnel with compression, further
facilitating graft healing.13,14 Particular consideration should be taken in skeletally immature individuals as graft harvest and
fixation methods could compromise physes and increase the risk of growth arrest.8,12

The hamstring tendon (HT) autograft is harvested from the semitendinosus and/or gracilis tendon to yield variable sizes
and constructs.15 In contrast to the BPTB autograft, the HTautograft is a soft tissue graft without bone plugs, therefore relying
on soft tissue healing in bony tunnels, which may occur more slowly and is weaker compared to bone-to-bone healing.11

Furthermore, the size of a HT graft ultimately depends on the size of the semitendinosus tendon, which varies between
patients. There are a variety of different HT graft constructs which can involve creating as many as eight strands between the
semitendinosus and gracilis tendons, and can produce a graft diameter varying from 6 mm to more than 10 mm. Literature
supports greater biomechanical strength with larger grafts, but a downside of potential impingement during knee range of
motion.8 In contrast to the standardized interference fixation for BPTB, a variety of different fixation methods are used with
the HT graft with no consensus on the optimal method between surgeons. The most common methods are interference screw,
suspensory, or cross-pin fixation. Similarly, surgeons must choose whether to use an interference screw with a sheath or
without, or a fixed or adjustable loop when using a suspensory fixation device. A concerning complication, thought to occur
secondary to graft mobility within the tunnel, is development of a fibrous tissue layer around the graft which leads to tunnel
enlargement. This is more common in the tibial tunnel, and can compromise graft integration and potentially complicate
revision procedures due to the created bone defect.11,16 Advantages include no donor-site compromise of the extensor
mechanism which can impede early rehabilitation, polyvalence (variable composition and diameter) to meet specific
reconstruction requirements, and reduced likelihood of causing growth arrest in the skeletally immature population.15,17,18

The quadriceps tendon (QT) autograft has recently increased in usage and popularity, with studies reporting
comparable outcomes to HT autograft.8,19 Different harvesting techniques have been described to obtain partial- to
full-thickness grafts with or without a bone block.20 The range of graft subtypes allow for different sizes and thicknesses
and, therefore, varying biomechanical graft properties. For example, full-thickness QT harvested with bone block without
retinaculum has been demonstrated to have equivalent load to failure compared to the BPTB autograft.20 In addition, a
variety of fixation methods have also been described. The versatility of the QT autograft in ACLR stems from its
practicality in a variety of circumstances with differing tunnel sizes, tunnel positions, and navigating around previous
grafts.20 A consequent challenge is the applicability of outcomes of QT autografts as a cluster and the ability to determine
specific outcome measures related to any QT autograft subtype. There is a lack of robust evidence describing outcomes
from a “gold standard” QT autograft ACLR procedure, particularly in our target population.

Tunnel widening can occur with any graft type, but is more common with soft tissue grafts such as the hamstring
autograft.21 While not thought to affect short-term clinical outcomes, tunnel widening can make revision procedures
more challenging and bone grafting may be required.21
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Allograft
Allograft options for ACLR are numerous, with patella tendon, hamstring, tibialis posterior, tibialis anterior, and achilles
tendon all described extensively in the literature.3,22–25 Allograft has its main advantages of lack of donor site morbidity,
better control over graft size, shorter operative time, and improved cosmesis.3,26,27 Disadvantages include graft availability,
cost, and, more significantly, infection risk and graft rejection.3,26–28 Disease transmission remains a serious complication
that has been largely eliminated with development of better donor screening and testing procedures and introduction of
sterilization techniques.7,26 However, a major drawback of sterilization techniques is the effect it has on the biomechanical
properties of the allograft. All allografts have slower rates of incorporation compared to autograft, alongside a much higher
failure rate of up to 25% in the active population.8,29 Additionally, allograft is reported to have a lower return-to-sport rate
compared to autograft (43% vs 75%).30 Current evidence supports its use in specific circumstances such as multi-ligament
knee reconstruction, inadequate autograft tissue, or in older, less active populations.

Artificial Graft
Artificial grafts were first reported as a reconstruction graft option in the 1980s, with the main attractions of lack of donor
site morbidity, shorter surgical time, and reduced risk of disease transmission. And potentially an earlier return to
sport.27,31,32 However, early studies reported satisfactory short-term outcomes but mid-to-long term complications of
immunological response, foreign-body synovitis, tunnel osteolysis, femoral and tibial fractures near tunnels, and delayed
failure.28,31,33,34 This resulted in a decline in use of artificial grafts, although there is a recent resurgence of interest with
newer generation grafts that have yielded successful outcomes when used in specific circumstances, such as in an older
population.31,33,35,36

Artificial graft is a broad term encompassing both synthetic and augmented grafts. They serve as scaffolds, stents, or
prostheses in ACLR. Legnani et al31 discuss the evolution of synthetic grafts and augments over the years, with the
Ligament Advanced Reinforcement SystemTM (LARSTM) being the most recent development. LARS, composed of
polyethylene terephthalate, is designed to have better tissue ingrowth, particularly in intra-articular portions of the
graft.31,37 This addresses concerns from studies that have suggested failure of intra-articular artificial graft integration
contributing to failure of early generation synthetic grafts.38 However, causes of failure are multifactorial, ranging from
impaired fibrovascular ingrowth secondary to surrounding foreign body reactions to mechanical factors such as fiber
properties and tunnel position.37

Outcomes
There are multiple subjective and objective outcome measures to assess success of primary ACLR. Objective outcome
measures frequently reported in the literature are graft failure, return to activity, and contralateral ACL injury. These
factors are interlinked and have a combined 23% risk of secondary ACL injury in athletes younger than 25 years old.39,40

Graft Failure
Graft failure is the most common outcome analyzed in ACL research. Though it has varying definitions depending on
study type, it is commonly defined as graft rupture or residual instability following ACLR. In the athletic population, this
is one of the most important outcome measures, as one ACL rupture may threaten an athlete’s career, but a second re-
rupture may end a career.

The rate of graft failure reported in the literature ranges between 1.8–33%.41–43 The most commonly reported risk
factors for graft failure include graft type, age at surgery, and activity level.27,44–46 Under 20 years old at time of surgery
is the most commonly reported risk factor for graft failure.9,41,44,46–53 For the athlete, the above three factors compound
their risk of graft failure.

Autograft
An early meta-analysis by Freedman et al, consisting of studies between 1966 and 2000, reported a lower rate of graft
failure with BPTB autograft compared to HT autograft.9,54 Further registry studies and systematic reviews have
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repeatedly highlighted lower rates of graft failure and revision surgery with BPTB autograft compared to HT and QT
autografts in ACLR across subgroups of patient ages and follow-up timeframes.10,55–57 A New Zealand (NZ) ACL
Registry study reviewing 7,155 primary ACLR identified a higher revision rate with HT autograft compared to BPTB
autograft (2.7% vs 1.3%, p<0.001).10 Supporting this is a longitudinal study over 6 years illustrating a 2.1-times higher
odds of graft failure with HT autograft compared to BPTB autograft (p=0.004).58

There are few adequately powered randomized controlled trials (RCTs) comparing outcomes following BTPB and HT
autograft in primary ACLR. Early RCTs yielded comparative results between the two groups.59–65 However, a prospec-
tive randomized study by Beynnon et al66 illustrated superior objective results with BPTB autograft reconstruction
compared to double-strand HT autograft at 3 years follow-up. Though not statistically significant, these findings are
consistent with those by Maletis et al67 which also identified a greater number of patients returning to preinjury activity
levels following BPTB ACLR. Since, a double-blind RCT by Mohtadi et al,46 consisting of 330 patients, compared 2
year outcomes between BPTB and HT autograft. The study reported a significantly lower proportion of traumatic
reinjuries in the BPTB group (3 of 110) compared to the HT autograft group (7 of 110).46

Comparative data on QT grafts is limited and conflicting; however, studies report a failure rate of 2.2–4.8%,
depending on the size of the study and duration of follow-up.68,69 Runer et al45 performed a prospective study of 875
patients undergoing ACLR and reported a 3-times higher risk of revision surgery when using a HT autograft compared to
a QT autograft (OR=2.7, p=0.007). Furthermore, in high activity patients with a pre-injury Tegner score of ≥7, the
revision rate was 11.1% in the HT autograft group compared to 5% in the QT autograft group (p=0.01).45 Interestingly,
the HT autograft cohort had significantly higher ipsilateral graft ruptures than contralateral ACL injuries (4.9% vs 2.3%),
with this difference being more marked in individuals with higher activity levels (11.1% vs 4.2%).45 In contrast, a Danish
registry study illustrated higher graft failure (revision rate) for ACLR with QT compared to HT and BPTB (4.7 vs 2.3 vs
1.5%).70 However, this study is limited by a lack of specificity on QT graft characteristics (ie, size, bone block use,
fixation technique) and, therefore, applicability of its findings is limited. A prospective cohort study consisting of 48
patients (27 BPTB and 21 QT autograft) reported the highest rate of QT graft failure at 4.8% compared to 3.7%.69 The
main criticism is the small study sample size. Comparatively, the largest cohort study of 198 QT autograft compared to
30 BPTB autografts yielded graft failure rates of 2.0% and 3.3%, respectively.71

Current evidence suggests BPTB autograft for ACLR in the athletic population has a failure rate significantly lower
than all other graft options.9,10,46,54–58,66,67,69,70

Allograft
Allografts have a consistently higher failure rate compared to autografts at all stages of follow-up, with up to triple the
failure rate of autograft quoted by Bottoni et al.3 Allograft failure is related to structural characteristics of the graft,
sterilization techniques, and donor characteristics. Structurally, single-strand allografts have higher rates of graft failure
compared to multistrand allografts.22 Infection rates are higher with unsterilized and/or aseptically processed grafts. Viral
and bacterial transmission risk remains low but has a high detrimental impact and is associated with non-irradiated
allografts. Gamma radiation can be used to address infection risk; however, it has a higher graft failure rate compared to
autograft and fresh frozen allograft.25,26 Furthermore, donor characteristics influence graft failure rates with increased
risk of failure of grafts from female donors over 50 years old.22

Allograft sterilization techniques alter the mechanical properties of allografts and are broadly categorized into
radiation (gamma, electron beam, x-ray) or ethylene oxide. The extent of alteration to graft mechanical properties is
dependent on irradiation dose exposure.25 Doses greater than 2.5 kilogray (kGy) have been shown to decrease allograft
tension and, therefore, result in greater post-operative laxity and predispose to failure.25 Farago et al26 reviewed articles
over 29 years assessing the impact of various sterilization techniques on objective tendon mechanics (ie, failure load/
ultimate strength and Young’s modulus of elasticity). Findings from the review support freezing followed by gamma
radiation or electron beam at 14.8–28.5 kGy as the sterilization technique with the greatest biomechanical preservation.26

However, allograft failure is not attributable to sterilization techniques alone, as rates of allograft failure remain higher
when comparing fresh-frozen allografts with autografts.26
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In the young active population, allograft reconstruction is a risk factor for failure compared to autograft.3,27,53,72–75

A systematic review by Hayback et al73 suggested the odds of ACL graft rupture decreases with every yearly increase in
patient age for a study population with a minimum mean age of 18 years. Allograft use has been shown to be an independent
risk factor for graft failure and the need for any subsequent surgery, with the risk of repeat ACL injury being 5.2-times greater
for an allograft compared to a BPTB autograft within the first 2 years of reconstruction surgery.53

Given the above risk-benefits, allograft is not recommended as a first option graft choice in isolated primary ACLR in
the athletic population. They may be beneficial in certain circumstances such as for older patients, in ACL revision
surgery, or cases of multi-ligamentous reconstruction.31

Artificial Graft
Multiple cohort studies have yielded positive short- to mid-term outcomes of the LARSTM artificial graft subtype in
ACLR.32,76 However, there is limited evidence supporting favorable long-term outcomes of artificial grafts, even if isolated
to LARSTM. The large majority of studies are composed of small study populations, as expected with the infrequent use of
synthetic grafts in primary ACLR. A retrospective study of 18 patients over 10 years by Tiefenboeck et al77 reported a 27.8%
artificial graft re-rupture rate. Similarly, Tulloch et al38 published a 33.3% mechanical failure rate in artificial graft ACLR in a
cohort of 55 patients over a median timeframe of 7.8 years.

An earlier study by Pan et al33 compared mid-term outcomes between BTPB autograft and LARSTM in a cohort of 62
patients undergoing primary ACLR. Findings from the study did not yield statistically significant differences in
functional outcomes.33 However, demographic characteristics of the study population are not entirely applicable to
that of our athlete population, with a mean age of 34 in the BPTB autograft group and 36 in the LARSTM group, and pre-
operative Tegner scores consistent with recreational sport participation only.33 A more recent systematic review of 748
studies by Fan et al28 comparing BPTB autograft with synthetic and augmented graft reconstruction confirmed more
favorable objective outcomes with BPTB autograft (OR=0.49; 95% CI=0.28–0.86).

Contralateral ACL Injury
Contralateral ACL injury is a major complication that is as impactful as an ipsilateral graft rupture for the young athlete
following primary ACL reconstruction. It is associated with reduced function, quality-of-life, and likelihood of return to
pre-injury activity.78 Interestingly, some studies have reported that the risk of contralateral ACL injury may be higher
than the risk of ipsilateral re-rupture following primary ACLR.42,79,80

Risk factors for contralateral ACL injury include younger age, sex, graft selection, and level of sport played.52,81

Registry-based studies have consistently reported age at time of index ACLR as a statistically significant risk factor for
contralateral injuries at all follow-up timeframes.41,42,47,49,53,82–85 Furthermore, returning to a high level of activity post-
reconstruction is a risk factor for contralateral ACL injury.83 In a study of 2,488 primary ACLR from the MOON cohort,
Kaeding et al53 reported that the odds of a contralateral ACL tear increased by 0.12 for every increased point on the Marx
activity score.

Leys et al86 performed a randomized controlled trial comparing BPTB and HT autograft in 90 patients over 15 years
and reported a 2.6-times higher odds of contralateral ACL rupture with BTPB. Similar findings have been reported by
ACL registry studies.10,42 In 17,436 ACL reconstructions recorded in the Kaiser Permanente Registry, a 1.3-times higher
risk of contralateral ACL reconstruction was reported in patients with a BPTB autograft compared to a HT autograft.42 In
a NZ ACL Registry study of 7,155 patients, those in the BPTB group had 1.9-times higher risk of contralateral ACL
reconstruction compared with the HT group (adjusted HR=1.91; 95% CI=1.15–3.16, p=0.012).10

In contrast, a 755 patient case series with 15-year follow-up by Bourke et al79 showed no significant difference in
contralateral ACL rupture between the BPTB and HT autograft groups (hazard ratio [HR]=1.5; 95% CI=1.0–2.2).
Additionally, a randomized controlled trial of 330 patients with a minimum 2 year follow-up by Mohtadi et al46 showed
no difference in the rate of contralateral injury between graft types.

It is unclear why patients with a BPTB autograft have a higher risk of contralateral injury compared to patients with a
HT autograft. One explanation is that patients with a BPTB autograft are more able to return to sport and do so earlier
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and at a higher level, which consequently makes the contralateral knee susceptible to injury.87 Other possible reasons
may relate to biochemical changes or altered neuromuscular function following ACLR.

Return to Activity
In young active patients, the risk of reconstruction failure increases with higher activity levels.1 A variety of different
methods are used to define return to activity. Return to activity may involve a patient returning to casual, amateur, or
competitive level of sport, or analyzing scores calculated from an activity questionnaire such as the Marx Activity
Questionnaire or the Tegner Activity Scale. In a meta-analysis of 48 studies performed by Ardern et al88 comprising
5,770 participants, an 82% return to participation, 63% return to pre-injury level, and 44% return to competitive sport at
final follow-up (mean time 41.5 months) were reported.

The majority of studies compare return to activity rates with BPTB and HT autografts since they are the most
common autografts used in ACLR for the athlete. Isolated meta-analysis of four RCTs comparing return to preinjury
level of sport following BPTB and HT autograft for ACLR showed no difference (OR=1.02, 95% CI=0.7–1.5, p=0.92).89

However, the majority of publications favor BPTB autograft when return to activity is the focused outcome.87,90,91 In
total, 7,556 patients from 69 studies were systematically reviewed by Ardern et al89 to illustrate ACLR with BPTB was
favored over HT autograft in return to pre-injury level of sport rates (OR=1.2). Supporting this is an updated systematic
review of 20 articles, inclusive of 2,348 athletes by DeFazio et al,91 which identified an 81% overall return to sport rate
with BPTB autograft compared to 70.6% with HT autograft.

A common limitation when comparing return to activity between BPTB and HT autografts is the effect of surgeon
preference and the possible selection bias. Some surgeons may prefer to use a BPTB autograft in “higher risk” patients
such as individuals participating in competitive sport. Subsequently, this may introduce bias into these studies as
expectations of “return to activity” varies and is more challenging in professional athletes when compared to an amateur
or casual athlete returning to sport.

Some clinicians believe that a higher rate of contralateral ACL injury following primary ACLR with a BPTB autograft is
a marker of success of the BPTB autograft, as it demonstrates that the patient had returned to sport prior to their reinjury,
which is the goal of the original procedure. A study from the NZ ACL Registry supports this theory by only analyzing high
activity patients with a pre-injury Marx score of 13, so that the patients in both graft type groups were of equal activity
levels.87 Subsequently, this study found that BPTB patients had higher odds of returning to activity compared to HT patients.
Additionally, the study identified a higher proportion of individuals with BPTB autograft were performing at their preinjury
activity levels (Marx score ≥13) compared to HT autograft at 2 years (23.3% vs 13.3%, respectively; p<0.001).87 Cohort
studies have reported similar findings of higher return to sport rate in BPTB compared to HT autografts.40,90

Donor Site Morbidity
Donor site morbidity is a significant concern, particularly when considering BPTB autograft in ALCR. Kartus et al92

report 40–60% of patients report various donor-site problems following BPTB autograft use in ACLR. The most
common symptom is anterior knee and/or kneeling pain.8,92 Other serious, but rarer complications such as patella
fracture and patella tendon rupture may also occur.7,8 Another commonly used measures of post-operative symptomology
is the Knee Injury and Osteoarthritis Outcome Score (KOOS). A RCT by Lind et al93 of 99 adults illustrated that, at 2
years follow-up, 50% of HT autograft recipients compared to 27% of QT autograft recipients had donor site symptoms as
assessed using KOOS.

Anterior and Kneeling Knee Pain
Average incidence of anterior knee pain with autograft ACLR is up to 21.5%.18 There is a higher incidence of anterior
knee pain and kneeling pain following ACLR using BPTB compared to all other autografts.7,12,18,54,92,94,95 This is
consistently proven in the literature, including a recent meta-analysis of 685 patients across seven studies which
identified 35.7% of the BPTB ACLR population to have anterior knee pain compared to 5.7% of QT autograft
recipients.18 Furthermore, 70.8% of 100 patients in a retrospective non-randomized study evaluating donor site morbidity
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following BPTB autograft ACLR had kneeling pain.96 Symptomology can occur anywhere along the extensor mechan-
ism and is likely to be related to graft choice and its harvesting method.7,8

A prospective study by Kartus et al97 aimed to identify donor site-related problems and compared post-operative
anterior knee sensitivity following two different BPTB graft harvesting techniques. The study suggested a correlation
between anterior knee sensitivity and intraoperative injury of the infrapatellar branches of the saphenous nerve.97 This
nerve travels along the inferior medial aspect of the knee joint.7 Thus, given its location, it is especially vulnerable to
injury when harvesting the central third of the patellar tendon or when hamstring tendons are harvested through a medial
incision.98 This is further supported by literature highlighting anterior knee sensitivity and difficulty kneeling after
incisions in the prepatellar area for various surgical procedures ranging from arthroscopic access to midline incisions for
tibial nailing.97 Therefore, it is important to consider the suitability and risk-benefit of a BPTB autograft in individuals
whose lifestyle would be impacted by this.

Anterior knee pain may be associated with functional flexion and/or extension deficits in the postoperative period and,
likewise, restoration of full extension compared with uninjured side after ACLR is essential to avoid post-operative
discomfort in the anterior knee.92 In some studies, the two are shown to have a statistically significant risk association.94,98

Pain has been shown to occur 5-times more than in the absence of a deficit.94,98,99 This may have consequential functional
limitations and, therefore, result in impairment of the athlete with higher functional demands of the extensor mechanism of
the knee.

Patella-Related Complications
Though rare, patella tendon ruptures and fractures of the patella or proximal tibia in the donor knee are associated with
medial-third BPTB autograft use in ACLR.100 If undiagnosed or inadequately managed, these disruptions to the extensor
mechanism can have devastating functional impact.

Patella Fracture
The reported incidence of patella fracture in the donor knee following BPTB autograft harvest in ACLR varies between
0–2%, with no reports of association with other graft types.101

A literature review by Tay et al101 of five case reports and eight case series, reports a cumulative 31 patella fractures
following ACLR with BPTB autograft. The majority of these were sustained by indirect injuries and mostly stellate in
configuration.101,102 The average time to injury was 11 weeks, though it can be as short as 24 days.101,102 The incidence
of patella fractures suggests potentially altered distribution of forces acting on the iatrogenically weakened patella after
graft harvest, therefore, placing it at increased risk of injury even at usual strain and contact stresses of normal activities
such as stair climbing.101 Management of these complications was governed by displacement.101,102 Though complica-
tions extend rehabilitation, at full recovery, there was no significant difference in functional outcome between ACLR
procedures complicated by patellar fracture.101–103

Patella Tendon Rupture
Patella tendon rupture is rare, with a reported incidence of between 0.2–1.3% after BPTB harvest.54,96,100,102,104–108 This
may not be a complication directly associated with BTPB autograft harvest alone, as earlier studies have reported this
complication with other reconstructive grafts, including allograft and earlier-generation synthetic grafts.107,109 However,
occurrences with alternate grafts has not been described in recent literature.

Patella tendon rupture usually occurs secondary to trauma such as a fall, accompanied by either a forced
hyperflexion injury or a forceful quadriceps contraction.100,107,108 Current literature reports varying timing of occur-
rence following ACLR and patellar tendon rupture from days to years, with the majority occurring within the first year
from surgery.100,103,107,108,110 The concern regarding patellar tendon rupture in a BPTB harvested knee is the technical
challenge of repair and early loss of flexion.106,111

A series of 13 cases of patella tendon rupture in the donor knee, from a database of 5,364 ACLR using BPTB
autograft, identified varying tendon rupture sites differing from the commonly observed proximal-only tear pattern in
unharvested patellar tendons.111 The majority of post-reconstruction patellar tendon ruptures occurred from the patellar
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origin medially extending to the tibial attachment laterally in a Z-shaped pattern.111 In all cases, the donor site tendon
defect was closed with running No. 0 Vicryl and the bone plug harvest defects in the patella and tibia were bone grafted
with bone shavings from drilling of the femoral and tibial tunnels.111 All cases recovered with positive long-term
objective and subjective outcomes following patellar tendon repair and intensive rehabilitation.111

Range of Motion and Strength
A meta-analysis by Zhao et al57 evaluated donor site morbidity following HT and BPTB ACLR. They identified a
significant difference, favoring HT, with regard to loss in knee extension range (16.2% vs 10.2% for BPTB vs HT,
respectively, OR=1.67).57 However, a 15-year follow-up of a RCT by Webster et al112 noted that early increased
extension deficit following BPTB ACLR was no longer present at 15 years. There are yet to be additional long-term
studies to challenge the findings by Webster et al.

Muscle strength of the reconstructed knee remains similar following ACLR with either BPTB and HT autograft, as
illustrated in a RCT by Beard et al.62 However, findings from a cross-sectional study highlight muscular weakness in the
lower limb which has had a quadriceps tendon harvest compared to a contralateral undisturbed limb by 15% in men and
30% in women.20 This is supported by Lind et al.93

Donor site morbidity is a major factor contributing to hesitancy around use of BPTB autograft in ACLR. It has the
potential to have significant post-operative consequences on specific populations, particularly individuals whose occupation
or sporting activities involve kneeling. Fortunately, patella-related complications are rare and long-term functional outcomes
are statistically indifferent following management of these complications. Balancing objective outcomes with donor site
morbidity, there is robust evidence supporting use of BPTB autograft in the vast majority of the athletic population.

Lateral Extra-Articular Procedures
Adjuvant lateral extra-articular procedures (LEAPs), including lateral extra-articular tenodesis (LET) and anterolateral
ligament reconstruction (ALL), are increasingly performed with ACLR to provide additional rotational stability and,
therefore, reduce the risk of graft failure in high risk patients, such as the athlete.113–116

A meta-analysis of 1,010 patients from six randomized controlled trials by Mao et al114 illustrated a lower risk of
graft failure in those who had ACLR and LET compared to those who had isolated ACLR. Of significance is the
STABILITY study by Getgood et al.117 This is the largest randomized multicenter study to date, looking at ACLR
clinical failure between two ACLR groups – single-bundle hamstring tendon autograft without LET and with LET – in
individuals between 14–25 years old. Recent data of 2-year outcomes illustrate statistically significant differences, with
lower rates of clinical graft failure in the group receiving concurrent LET procedure (120 of 298 in the ACLR group
compared to 72 of 291 in the ACLR+LET group, RRR=0.38; 95% CI=0.21–0.52; p<0.0001).117 Return to level of sport
activity (Marx score) remains similar in both study groups.117

Similarly, the SANTI study group compared outcomes between isolated autograft ACLR to combined autograft
ACLR with ALL procedure.118 Findings from this prospective cohort study of 270 patients showed statistically better
ACL graft survivorship in the group who underwent ACLR with ALL (96.5% vs 82.6%; p=0.0027). Additionally, at 108
months, those who had concurrent ALL with primary ACLR had at least 2.5-times reduced graft failure rates.118

There is increasing evidence supporting concurrent LEAPs in primary ACLR to reduce risk of graft failure,
particularly in high risk population groups such as athletes. Current limitations in evidence include comparisons between
specific autograft subtypes and concurrent LEAPs. This is a developing area which will drive significant change in
management of primary ACLR in the coming years.

Conclusion
In the athlete undergoing ACLR, the primary aim of treatment is to enable the highest rate of return to sport at the lowest
rate of reinjury. When considering this aim, literature clearly supports the use of autograft over allograft, and more
specifically the use of a BPTB autograft in primary ACLR. QT grafts are a newer development compared to other
autografts and evidence supporting their use in reconstruction of the athlete’s ACL is presently limited. Although the HT
autograft is more commonly used globally, the BPTB autograft has been consistently reported to have the lowest rate of
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failure by both RCTs and national registry studies. Additionally, there is evidence that patients with a BPTB autograft are
more likely to return to sport and at a higher level. However, this comes at the expense of greater donor site morbidity
with BPTB autografts, including a higher incidence of anterior knee pain, kneeling difficulty, and rare, but severe
complications such as patella tendon rupture and fracture.

Individualizing graft choice remains the most important when consulting the ACL-deficient athlete, and the athlete
must balance their desire and aspiration to return to sport, risk of reinjury, and donor-site morbidity.

Disclosure
Dr Simon W. Young reports non-financial support from New Zealand ACL Registry, grants, personal fees from Stryker,
grants from Smith and Nephew, during the conduct of the study. The authors report no other conflicts of interest in this
work.

References
1. Thorolfsson B, Svantesson E, Snaebjornsson T, et al. Adolescents have twice the revision rate of young adults after ACL reconstruction with

hamstring tendon autograft: a study from the Swedish national knee ligament registry. Orthop J Sports Med. 2021;9(10):232596712110388.
doi:10.1177/23259671211038893

2. Chalmers PN, Mall NA, Moric M, et al. Does ACL reconstruction alter natural history?: A systematic literature review of long-term outcomes. J
Bone Joint Surg. 2014;96(4):292–300. doi:10.2106/JBJS.L.01713

3. Bottoni CR, Smith EL, Shaha J, et al. Autograft versus allograft anterior cruciate ligament reconstruction. Am J Sports Med. 2015;43(10):2501–
2509. doi:10.1177/0363546515596406

4. Davies L, Cook J, Leal J, et al. Comparison of the clinical and cost effectiveness of two management strategies (rehabilitation versus surgical
reconstruction) for non-acute anterior cruciate ligament (ACL) injury: study protocol for the ACL SNNAP randomised controlled trial. Trials.
2020;21(1). doi:10.1186/s13063-020-04298-y

5. Cheung SC, Allen CR, Gallo RA, Ma CB, Feeley BT. Patients’ attitudes and factors in their selection of grafts for anterior cruciate ligament
reconstruction. Knee. 2012;19(1):49–54. doi:10.1016/j.knee.2010.11.009

6. Kraeutler MJ, Wolsky RM, Vidal AF, Bravman JT. Anatomy and biomechanics of the native and reconstructed anterior cruciate ligament:
surgical implications. J Bone Joint Surg Am. 2017;99(5):438–445. doi:10.2106/JBJS.16.00754

7. West RV, Harner CD. Graft selection in anterior cruciate ligament reconstruction. JAAOS-Journal of the American Academy of Orthopaedic
Surgeons. 2005. May 1;13(3):197–207. doi:10.5435/00124635-200505000-00006

8. Buerba RA, Boden SA, Lesniak B. Graft selection in contemporary anterior cruciate ligament reconstruction. JAAOS. 2021;5(10). doi:10.5435/
JAAOSGlobal-D-21-00230

9. Rahardja R, Zhu M, Love H, Clatworthy MG, Monk AP, Young SW. Factors associated with revision following anterior cruciate ligament
reconstruction: a systematic review of registry data. Knee. 2020;27(2):287–299. doi:10.1016/j.knee.2019.12.003

10. Rahardja R, Zhu M, Love H, Clatworthy MG, Monk AP, Young SW. Effect of graft choice on revision and contralateral anterior cruciate
ligament reconstruction: results from the New Zealand ACL registry. Am J Sports Med. 2020;48(1):63–69. doi:10.1177/0363546519885148

11. Thaunat M, Fayard JM, Sonnery-Cottet B. Hamstring tendons or bone-patellar tendon-bone graft for anterior cruciate ligament reconstruction?
Orthopaed Traumatol. 2019;105(1):S89–S94. doi:10.1016/j.otsr.2018.05.014

12. Cerulli G, Placella G, Sebastiani E, Tei MM, Speziali A, Manfreda F. ACL reconstruction: choosing the graft. Joints. 2013;1(1):18–24.
13. Provencher MT, Ryu JH, Gaston T, Dewing CB. Technique: bone-patellar tendon-bone autograft ACL reconstruction in the young, active

patient. J Knee Surg. 2011;24(2):83–92. doi:10.1055/s-0031-1280875
14. Schoderbek RJ, Treme GP, Miller MD. Bone-patella tendon-bone autograft anterior cruciate ligament reconstruction. Clin Sports Med. 2007;26

(4):525–547. doi:10.1016/j.csm.2007.06.006
15. Chen L, Cooley V, Rosenberg T. ACL reconstruction with hamstring tendon. Orthop Clin North Am. 2003;34(1):9–18. doi:10.1016/S0030-5898

(02)00016-0
16. Amano H, Tanaka Y, Kita K, et al. Significant anterior enlargement of femoral tunnel aperture after hamstring ACL reconstruction, compared to

bone-patellar tendon-bone graft. Knee Surg Sports Traumatol Arthrosc. 2019;27(2):461–470. doi:10.1007/s00167-018-5098-9
17. Mouarbes D, Menetrey J, Marot V, Courtot L, Berard E, Cavaignac E. Anterior cruciate ligament reconstruction: a systematic review and meta-

analysis of outcomes for quadriceps tendon autograft versus bone-patellar tendon-bone and hamstring-tendon autografts. Am J Sports Med.
2019;47(14):3531–3540. doi:10.1177/0363546518825340

18. Ajrawat P, Dwyer T, Whelan D, et al. A comparison of quadriceps tendon autograft with bone-patellar tendon-bone autograft and hamstring
tendon autograft for primary anterior cruciate ligament reconstruction: a systematic review and quantitative synthesis. Clin J Sport Med.
2021;31(4):392–399. doi:10.1097/JSM.0000000000000765

19. Slone HS, Romine SE, Premkumar A, Xerogeanes JW. Quadriceps tendon autograft for anterior cruciate ligament reconstruction: a compre-
hensive review of current literature and systematic review of clinical results. Arthrosc- J Arthrosc Relat Surg. 2015;31(3):541–554. doi:10.1016/
j.arthro.2014.11.010

20. Diermeier T, Tisherman R, Hughes J, et al. Quadriceps tendon anterior cruciate ligament reconstruction. Knee Surg Sports Traumatol Arthrosc.
2020;28(8):2644–2656. doi:10.1007/s00167-020-05902-z

21. Clatworthy MG, Annear P, Bulow JU, Bartlett RJ. Tunnel widening in anterior cruciate ligament reconstruction: a prospective evaluation of
hamstring and patella tendon grafts. Knee Surg Sports Traumatol Arthrosc. 1999;7(3):138–145. doi:10.1007/s001670050138

Open Access Journal of Sports Medicine 2022:13 https://doi.org/10.2147/OAJSM.S340702

DovePress
63

Dovepress Sim et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1177/23259671211038893
https://doi.org/10.2106/JBJS.L.01713
https://doi.org/10.1177/0363546515596406
https://doi.org/10.1186/s13063-020-04298-y
https://doi.org/10.1016/j.knee.2010.11.009
https://doi.org/10.2106/JBJS.16.00754
https://doi.org/10.5435/00124635-200505000-00006
https://doi.org/10.5435/JAAOSGlobal-D-21-00230
https://doi.org/10.5435/JAAOSGlobal-D-21-00230
https://doi.org/10.1016/j.knee.2019.12.003
https://doi.org/10.1177/0363546519885148
https://doi.org/10.1016/j.otsr.2018.05.014
https://doi.org/10.1055/s-0031-1280875
https://doi.org/10.1016/j.csm.2007.06.006
https://doi.org/10.1016/S0030-5898(02)00016-0
https://doi.org/10.1016/S0030-5898(02)00016-0
https://doi.org/10.1007/s00167-018-5098-9
https://doi.org/10.1177/0363546518825340
https://doi.org/10.1097/JSM.0000000000000765
https://doi.org/10.1016/j.arthro.2014.11.010
https://doi.org/10.1016/j.arthro.2014.11.010
https://doi.org/10.1007/s00167-020-05902-z
https://doi.org/10.1007/s001670050138
https://www.dovepress.com
https://www.dovepress.com


22. Shumborski S, Salmon LJ, Monk C, Heath E, Roe JP, Pinczewski LA. Allograft donor characteristics significantly influence graft rupture after
anterior cruciate ligament reconstruction in a young active population. Am J Sports Med. 2020;48(10):2401–2407. doi:10.1177/
0363546520938777

23. Su M, Jia X, Zhang Z, et al. Medium-term (Least 5 Years) comparative outcomes in anterior cruciate ligament reconstruction using 4SHG,
allograft, and LARS ligament. Clin J Sport Med. 2021;31(2):e101–e110. doi:10.1097/JSM.0000000000000730

24. Goetz G, de Villiers C, Sadoghi P, Geiger-Gritsch S. Allograft for Anterior Cruciate Ligament Reconstruction (ACLR): a systematic review and
meta-analysis of long-term comparative effectiveness and safety. results of a health technology assessment. Arthros, Sports Med Rehabil.
2020;2(6):e873–e891. doi:10.1016/j.asmr.2020.07.003

25. Guo L, Yang L, Duan XJ, et al. Anterior cruciate ligament reconstruction with bone-patellar tendon-bone graft: comparison of autograft, fresh-
frozen allograft, and γ-irradiated allograft. Arthrosc- J Arthrosc Relat Surg. 2012;28(2):211–217. doi:10.1016/j.arthro.2011.08.314

26. Farago D, Kozma B, Kiss RM. Different sterilization and disinfection methods used for human tendons – a systematic review using mechanical
properties to evaluate tendon allografts. BMC Musculoskelet Disord. 2021;22(1). doi:10.1186/s12891-021-04296-4

27. Duchman KR, Lynch TS, Spindler KP. Graft selection in anterior cruciate ligament surgery: who gets what and why? Clin Sports Med. 2017;36
(1):25–33. doi:10.1016/j.csm.2016.08.013

28. Fan DY, Ma J, Zhang L. Patellar tendon versus artificial grafts in anterior cruciate ligament reconstruction: a systematic review and meta-
analysis. J Orthop Surg Res. 2021;16(1). doi:10.1186/s13018-021-02624-x

29. Thomas Vangsness C, Garcia IA, Randal Mills C, Kainer MA, Roberts MR, Moore TM. Allograft transplantation in the knee: tissue regulation,
procurement, processing, and sterilization. Am J Sports Med. 2003;31(3):474–481. doi:10.1177/03635465030310032701

30. Kaeding CC, Pedroza AD, Reinke EK, et al. Change in anterior cruciate ligament graft choice and outcomes over time. Arthrosc- J Arthrosc
Relat Surg. 2017;33(11):2007–2014. doi:10.1016/j.arthro.2017.06.019

31. Legnani C, Ventura A, Terzaghi C, Borgo E, Albisetti W. Anterior cruciate ligament reconstruction with synthetic grafts. A review of literature.
Int Orthop. 2010;34(4):465–471. doi:10.1007/s00264-010-0963-2

32. Satora W, Królikowska A, Czamara A, Reichert P. Synthetic grafts in the treatment of ruptured anterior cruciate ligament of the knee joint. Poly
Med. 2017;47(1):55–59. doi:10.17219/pim/76819

33. Pan X, Wen H, Wang L, Ge T. Bone-patellar tendon-bone autograft versus LARS artificial ligament for anterior cruciate ligament reconstruc-
tion. Eur J Orthopaed Surg Traumatol. 2013;23(7):819–823. doi:10.1007/s00590-012-1073-1

34. Ventura A, Terzaghi C, Legnani C, Borgo E, Albisetti W. Synthetic grafts for anterior cruciate ligament rupture: 19-year outcome study. Knee.
2010;17(2):108–113. doi:10.1016/j.knee.2009.07.013

35. Gao K, Chen S, Wang L, et al. Anterior cruciate ligament reconstruction with LARS artificial ligament: a multicenter study with 3- to 5-year
follow-up. Arthrosc- J Arthrosc Relat Surg. 2010;26(4):515–523. doi:10.1016/j.arthro.2010.02.001

36. Parchi PD, Ciapini G, Paglialunga C, et al. Anterior cruciate ligament reconstruction with LARS artificial ligament—clinical results after a
long-term follow-up. Joints. 2018;6(2):75–79. doi:10.1055/s-0038-1653950

37. Di Benedetto P, Giardini P, Beltrame A, Mancuso F, Gisonni R, Causero A. Histological analysis of ACL reconstruction failures due to
synthetic-ACL (LARS) ruptures. Acta Biomedica. 2020;91:136–145. doi:10.23750/abm.v91i4-S.9702

38. Tulloch SJ, Devitt BM, Porter T, et al. Primary ACL reconstruction using the LARS device is associated with a high failure rate at minimum of
6-year follow-up. Knee Surg Sports Traumatol Arthrosc. 2019;27(11):3626–3632. doi:10.1007/s00167-019-05478-3

39. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D, Webster KE, Myer GD. Risk of secondary injury in younger athletes after anterior
cruciate ligament reconstruction. Am J Sports Med. 2016;44(7):1861–1876. doi:10.1177/0363546515621554

40. King E, Richter C, Jackson M, et al. Factors influencing return to play and second anterior cruciate ligament injury rates in level 1 athletes after
primary anterior cruciate ligament reconstruction: 2-year follow-up on 1432 reconstructions at a single center. Am J Sports Med. 2020;48
(4):812–824. doi:10.1177/0363546519900170

41. Sutherland K, Clatworthy M, Chang K, Rahardja R, Young SW. Risk factors for revision anterior cruciate ligament reconstruction and
frequency with which patients change surgeons. Orthop J Sports Med. 2019;7(11):232596711988048. doi:10.1177/2325967119880487

42. Maletis GB, Inacio MCS, Funahashi TT. Risk factors associated with revision and contralateral anterior cruciate ligament reconstructions in the
Kaiser Permanente ACLR registry. Am J Sports Med. 2015;43(3):641–647. doi:10.1177/0363546514561745

43. Paterno MV, Rauh MJ, Schmitt LC, Ford KR, Hewett TE. Incidence of second ACL injuries 2 years after primary ACL reconstruction and
return to sport. Am J Sports Med. 2014;42(7):1567–1573. doi:10.1177/0363546514530088

44. Andernord D, Desai N, Björnsson H, Ylander M, Karlsson J, Samuelsson K. Patient predictors of early revision surgery after anterior cruciate
ligament reconstruction: a cohort study of 16,930 patients with 2-year follow-up. Am J Sports Med. 2015;43(1):121–127. doi:10.1177/
0363546514552788

45. Runer A, Csapo R, Hepperger C, Herbort M, Hoser C, Fink C. Anterior cruciate ligament reconstructions with quadriceps tendon autograft
result in lower graft rupture rates but similar patient-reported outcomes as compared with hamstring tendon autograft: a comparison of 875
patients. Am J Sports Med. 2020;48(9):2195–2204. doi:10.1177/0363546520931829

46. Mohtadi N, Chan D, Barber R, Paolucci EO. Reruptures, Reinjuries, and Revisions at a Minimum 2-Year Follow-up: A Randomized Clinical
Trial Comparing 3 Graft Types for ACL Reconstruction. Clin J Sport Med. 2016. Mar;26(2):96–107. doi:10.1097/JSM.0000000000000209.
PMID: 26164058.

47. Snaebjörnsson T, Hamrin Senorski E, Sundemo D, et al. Adolescents and female patients are at increased risk for contralateral anterior cruciate
ligament reconstruction: a cohort study from the Swedish National Knee Ligament Register based on 17,682 patients. Knee Surg Sports
Traumatol Arthrosc. 2017;25(12):3938–3944. doi:10.1007/s00167-017-4517-7

48. Bram JT, Magee LC, Mehta NN, Patel NM, Ganley TJ. Anterior cruciate ligament injury incidence in adolescent athletes: a systematic review
and meta-analysis. Am J Sports Med. 2021;49(7):1962–1972. doi:10.1177/0363546520959619

49. Andernord D, Desai N, Björnsson H, Gillén S, Karlsson J, Samuelsson K. Predictors of contralateral anterior cruciate ligament reconstruction: a
cohort study of 9061 patients with 5-year follow-up. Am J Sports Med. 2015;43(2):295–302. doi:10.1177/0363546514557245

50. Fältström A, Hägglund M, Magnusson H, Forssblad M, Kvist J. Predictors for additional anterior cruciate ligament reconstruction: data from the
Swedish national ACL register. Knee Surg Sports Traumatol Arthrosc. 2016;24(3):885–894. doi:10.1007/s00167-014-3406-6

https://doi.org/10.2147/OAJSM.S340702

DovePress

Open Access Journal of Sports Medicine 2022:1364

Sim et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1177/0363546520938777
https://doi.org/10.1177/0363546520938777
https://doi.org/10.1097/JSM.0000000000000730
https://doi.org/10.1016/j.asmr.2020.07.003
https://doi.org/10.1016/j.arthro.2011.08.314
https://doi.org/10.1186/s12891-021-04296-4
https://doi.org/10.1016/j.csm.2016.08.013
https://doi.org/10.1186/s13018-021-02624-x
https://doi.org/10.1177/03635465030310032701
https://doi.org/10.1016/j.arthro.2017.06.019
https://doi.org/10.1007/s00264-010-0963-2
https://doi.org/10.17219/pim/76819
https://doi.org/10.1007/s00590-012-1073-1
https://doi.org/10.1016/j.knee.2009.07.013
https://doi.org/10.1016/j.arthro.2010.02.001
https://doi.org/10.1055/s-0038-1653950
https://doi.org/10.23750/abm.v91i4-S.9702
https://doi.org/10.1007/s00167-019-05478-3
https://doi.org/10.1177/0363546515621554
https://doi.org/10.1177/0363546519900170
https://doi.org/10.1177/2325967119880487
https://doi.org/10.1177/0363546514561745
https://doi.org/10.1177/0363546514530088
https://doi.org/10.1177/0363546514552788
https://doi.org/10.1177/0363546514552788
https://doi.org/10.1177/0363546520931829
https://doi.org/10.1097/JSM.0000000000000209
https://doi.org/10.1007/s00167-017-4517-7
https://doi.org/10.1177/0363546520959619
https://doi.org/10.1177/0363546514557245
https://doi.org/10.1007/s00167-014-3406-6
https://www.dovepress.com
https://www.dovepress.com


51. Rahardja R, Zhu M, Love H, Clatworthy MG, Monk AP, Young SW. Rates of revision and surgeon-reported graft rupture following ACL
reconstruction: early results from the New Zealand ACL registry. Knee Surg Sports Traumatol Arthrosc. 2020;28(7):2194–2202. doi:10.1007/
s00167-019-05773-z

52. Svantesson E, Hamrin Senorski E, Baldari A, et al. Factors associated with additional anterior cruciate ligament reconstruction and register
comparison: a systematic review on the Scandinavian knee ligament registers. Br J Sports Med. 2019;53(7):418–425. doi:10.1136/bjsports-
2017-098192

53. Kaeding CC, Pedroza AD, Reinke EK, et al. Risk factors and predictors of subsequent ACL injury in either knee after ACL reconstruction:
prospective analysis of 2488 primary ACL reconstructions from the MOON cohort. Am J Sports Med. 2015;43(7):1583–1590. doi:10.1177/
0363546515578836

54. Freedman KB, D’amato MJ, Nedeff DD, Kaz A, Bach BR. Arthroscopic anterior cruciate ligament reconstruction: a metaanalysis comparing
patellar tendon and hamstring tendon autografts. Am J Sports Med. 1966;31:2–11.

55. Persson A, Fjeldsgaard K, Gjertsen JE, et al. Increased risk of revision with hamstring tendon grafts compared with patellar tendon grafts after
anterior cruciate ligament reconstruction: a study of 12,643 patients from the Norwegian cruciate ligament registry, 2004–2012. Am J Sports
Med. 2014;42(2):285–291. doi:10.1177/0363546513511419

56. Gifstad T, Foss OA, Engebretsen L, et al. Lower risk of revision with patellar tendon autografts compared with hamstring autografts: a registry
study based on 45,998 primary ACL Reconstructions in Scandinavia. Am J Sports Med. 2014;42(10):2319–2328. doi:10.1177/
0363546514548164

57. Zhao L, Lu M, Deng M, Xing J, He L, Wang C. Outcome of bone-patellar tendon-bone vs hamstring tendon autograft for anterior cruciate
ligament reconstruction: a meta-analysis of randomized controlled trials with a 5-year minimum follow-up. Medicine. 2020;99(48):e23476.
doi:10.1097/MD.0000000000023476

58. Spindler KP, Huston LJ, Zajichek A, et al. Anterior cruciate ligament reconstruction in high school and college-aged athletes: does autograft
choice influence anterior cruciate ligament revision rates? Am J Sports Med. 2020;48(2):298–309. doi:10.1177/0363546519892991

59. Volpi P, Cervellin M, Denti M, et al. ACL reconstruction in sports active people: transtibial DB technique with ST/G vs. transtibial SB
technique with BPTB: preliminary results. Injury. 2010;41(11):1168–1171. doi:10.1016/j.injury.2010.09.029

60. Zaffagnini S, Bruni D, Marcheggiani Muccioli GM, et al. Single-bundle patellar tendon versus non-anatomical double-bundle hamstrings ACL
reconstruction: a prospective randomized study at 8-year minimum follow-up. Knee Surg Sports Traumatol Arthrosc. 2011;19(3):390–397.
doi:10.1007/s00167-010-1225-y

61. Björnsson H, Samuelsson K, Sundemo D, et al. A randomized controlled trial with mean 16-Year follow-up comparing hamstring and patellar
tendon autografts in anterior cruciate ligament reconstruction. Am J Sports Med. 2016;44(9):2304–2313. doi:10.1177/0363546516646378

62. Beard DJ, Anderson JL, Davies S, Price AJ, Dodd CA. Hamstrings vs. patella tendon for anterior cruciate ligament reconstruction: a
randomised controlled trial. Knee. 2001;8(1):45–50. doi:10.1016/s0968-0160(01)00062-x

63. Aune AK, Holm I, Risberg MA, Jensen HK, Steen H. Four-strand hamstring tendon autograft compared with patellar tendon-bone autograft for
anterior cruciate ligament reconstruction. A randomized study with two-year follow-up. Am J Sports Med. 2001;29(6):722–728. doi:10.1177/
03635465010290060901

64. Holm I, Oiestad BE, Risberg MA, Aune AK. No difference in knee function or prevalence of osteoarthritis after reconstruction of the anterior
cruciate ligament with 4-strand hamstring autograft versus patellar tendon-bone autograft: a randomized study with 10-year follow-up. Am J
Sports Med. 2010;38(3):448–454. doi:10.1177/0363546509350301

65. Kautzner J, Kos P, Hanus M, Trc T, Havlas V. A comparison of ACL reconstruction using patellar tendon versus hamstring autograft in female
patients: a prospective randomised study. Int Orthop. 2015;39(1):125–130. doi:10.1007/s00264-014-2495-7

66. Beynnon BD, Johnson RJ, Fleming BC, et al. Anterior cruciate ligament replacement: comparison of bone-patellar tendon-bone grafts with two-
strand hamstring grafts. A prospective, randomized study. J Bone Joint Surg Am. 2002;84(9):1503–1513. doi:10.2106/00004623-200209000-
00001

67. Maletis GB, Cameron SL, Tengan JJ, Burchette RJ. A prospective randomized study of anterior cruciate ligament reconstruction: a comparison
of patellar tendon and quadruple-strand semitendinosus/gracilis tendons fixed with bioabsorbable interference screws. Am J Sports Med.
2007;35(3):384–394. doi:10.1177/0363546506294361

68. Cavaignac E, Coulin B, Tscholl P. Is quadriceps tendon autograft a better choice than hamstring autograft for anterior cruciate ligament
reconstruction? A comparative study with a mean follow-up of 3.6 years. Am J Sports Med. 2017;45(6):1326–1332. doi:10.1177/
0363546516688665

69. Kim SJ, Kumar P, Oh KS. Anterior cruciate ligament reconstruction: autogenous quadriceps tendon-bone compared with bone-patellar tendon-
bone grafts at 2-year follow-up. Arthroscopy. 2009;25(2):137–144. doi:10.1016/j.arthro.2008.09.014

70. Lind M, Strauss MJ, Nielsen T, Engebretsen L. Quadriceps tendon autograft for anterior cruciate ligament reconstruction is associated with high
revision rates: results from the Danish Knee Ligament Registry. Knee Surg Sports Traumatol Arthrosc. 2020;28(7):2163–2169. doi:10.1007/
s00167-019-05751-5

71. Geib TM, Shelton WR, Phelps RA, Clark L. Anterior cruciate ligament reconstruction using quadriceps tendon autograft: intermediate-term
outcome. Arthroscopy. 2009;25(12):1408–1414. doi:10.1016/j.arthro.2009.06.004

72. Hettrich CM, Dunn WR, Reinke EK, Spindler KP. The rate of subsequent surgery and predictors after anterior cruciate ligament reconstruction:
two- and 6-year follow-up results from a multicenter cohort. Am J Sports Med. 2013;41(7):1534–1540. doi:10.1177/0363546513490277

73. Haybäck G, Raas C, Rosenberger R. Failure rates of common grafts used in ACL reconstructions: a systematic review of studies published in
the last decade. Arch Orthop Trauma Surg. 2021. doi:10.1007/s00402-021-04147-w

74. Yang X, Wang F, He X, et al. Network meta-analysis of knee outcomes following anterior cruciate ligament reconstruction with various types of
tendon grafts. Int Orthop. 2020;44(2):365–380. doi:10.1007/s00264-019-04417-8

75. Foster TE, Wolfe BL, Ryan S, Silvestri L, Krall Kaye E. Does the graft source really matter in the outcome of patients undergoing anterior
cruciate ligament reconstruction?: an evaluation of autograft versus allograft reconstruction results: a systematic review. Am J Sports Med.
2010;38(1):189–199. doi:10.1177/0363546509356530

76. Bugelli G, Dell’Osso G, Ascione F, Gori E, Bottai V, Giannotti S. LARSTM in ACL reconstruction: evaluation of 60 cases with 5-year minimum
follow-up. Musculoskelet Surg. 2018;102(1):57–62. doi:10.1007/s12306-017-0499-3

Open Access Journal of Sports Medicine 2022:13 https://doi.org/10.2147/OAJSM.S340702

DovePress
65

Dovepress Sim et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s00167-019-05773-z
https://doi.org/10.1007/s00167-019-05773-z
https://doi.org/10.1136/bjsports-2017-098192
https://doi.org/10.1136/bjsports-2017-098192
https://doi.org/10.1177/0363546515578836
https://doi.org/10.1177/0363546515578836
https://doi.org/10.1177/0363546513511419
https://doi.org/10.1177/0363546514548164
https://doi.org/10.1177/0363546514548164
https://doi.org/10.1097/MD.0000000000023476
https://doi.org/10.1177/0363546519892991
https://doi.org/10.1016/j.injury.2010.09.029
https://doi.org/10.1007/s00167-010-1225-y
https://doi.org/10.1177/0363546516646378
https://doi.org/10.1016/s0968-0160(01)00062-x
https://doi.org/10.1177/03635465010290060901
https://doi.org/10.1177/03635465010290060901
https://doi.org/10.1177/0363546509350301
https://doi.org/10.1007/s00264-014-2495-7
https://doi.org/10.2106/00004623-200209000-00001
https://doi.org/10.2106/00004623-200209000-00001
https://doi.org/10.1177/0363546506294361
https://doi.org/10.1177/0363546516688665
https://doi.org/10.1177/0363546516688665
https://doi.org/10.1016/j.arthro.2008.09.014
https://doi.org/10.1007/s00167-019-05751-5
https://doi.org/10.1007/s00167-019-05751-5
https://doi.org/10.1016/j.arthro.2009.06.004
https://doi.org/10.1177/0363546513490277
https://doi.org/10.1007/s00402-021-04147-w
https://doi.org/10.1007/s00264-019-04417-8
https://doi.org/10.1177/0363546509356530
https://doi.org/10.1007/s12306-017-0499-3
https://www.dovepress.com
https://www.dovepress.com


77. Tiefenboeck TM, Thurmaier E, Tiefenboeck MM, et al. Clinical and functional outcome after anterior cruciate ligament reconstruction using the
LARSTM system at a minimum follow-up of 10 years. Knee. 2015;22(6):565–568. doi:10.1016/j.knee.2015.06.003

78. Fältström A, Hägglund M, Kvist J. Patient-reported knee function, quality of life, and activity level after bilateral anterior cruciate ligament
injuries. Am J Sports Med. 2013;41(12):2805–2813. doi:10.1177/0363546513502309

79. Bourke HE, Salmon LJ, Waller A, Patterson V, Pinczewski LA. Survival of the anterior cruciate ligament graft and the contralateral ACL at a
minimum of 15 years. Am J Sports Med. 2012;40(9):1985–1992. doi:10.1177/0363546512454414

80. Wright RW, Magnussen RA, Dunn WR, Spindler KP. Ipsilateral graft and contralateral ACL rupture at five years or more following ACL
reconstruction: a systematic review. J Bone Joint Surg. 2011;93(12):1159–1165. doi:10.2106/JBJS.J.00898

81. Webster KE, Feller JA. Exploring the high reinjury rate in younger patients undergoing anterior cruciate ligament reconstruction. Am J Sports
Med. 2016;44(11):2827–2832. doi:10.1177/0363546516651845

82. Cristiani R, Forssblad M, Edman G, Eriksson K, Stålman A. Age, time from injury to surgery and hop performance after primary ACLR affect
the risk of contralateral ACLR. Knee Surg Sports Traumatol Arthrosc. 2021;29:4154–4162. doi:10.1007/s00167-021-06759-6

83. Cronström A, Tengman E, Häger CK. Risk factors for contra-lateral secondary anterior cruciate ligament injury: a systematic review with meta-
analysis. Sports Med. 2021;51(7):1419–1438. doi:10.1007/s40279-020-01424-3

84. Gallo MC, Bolia IK, Jalali O, et al. Risk factors for early subsequent (Revision or Contralateral) ACL reconstruction: a retrospective database
study. Orthop J Sports Med. 2020;8(2):232596711990117. doi:10.1177/2325967119901173

85. Shelbourne KD, Gray T, Haro M. Incidence of subsequent injury to either knee within 5 years after anterior cruciate ligament reconstruction
with patellar tendon autograft. Am J Sports Med. 2009;37(2):246–251. doi:10.1177/0363546508325665

86. Leys T, Salmon L, Waller A, Linklater J, Pinczewski L. Clinical results and risk factors for reinjury 15 years after anterior cruciate ligament
reconstruction: a prospective study of hamstring and patellar tendon grafts. Am J Sports Med. 2012;40(3):595–605. doi:10.1177/
0363546511430375

87. Rahardja R, Love H, Clatworthy MG, Monk AP, Young SW. Higher rate of return to preinjury activity levels after anterior cruciate ligament
reconstruction with a bone–patellar tendon–bone versus hamstring tendon autograft in high-activity patients: results from the New Zealand ACL
registry. Am J Sports Med. 2021;49(13):3488–3494. doi:10.1177/03635465211044142

88. Ardern CL, Webster KE, Taylor NF, Feller JA. Return to sport following anterior cruciate ligament reconstruction surgery: a systematic review
and meta-analysis of the state of play. Br J Sports Med. 2011;45(7):596–606. doi:10.1136/bjsm.2010.076364

89. Ardern CL, Taylor NF, Feller JA, Webster KE. Fifty-five per cent return to competitive sport following anterior cruciate ligament reconstruction
surgery: an updated systematic review and meta-analysis including aspects of physical functioning and contextual factors. Br J Sports Med.
2014;48(21):1543–1552. doi:10.1136/bjsports-2013-093398

90. Gupta R, Kapoor A, Soni A, Khatri S, Masih GD. Anterior cruciate ligament reconstruction with bone-patellar tendon-bone graft is associated
with higher and earlier return to sports as compared to hamstring tendon graft. Knee Surg Sports Traumatol Arthrosc. 2020;28(11):3659–3665.
doi:10.1007/s00167-020-06074-6

91. DeFazio MW, Curry EJ, Gustin MJ, et al. Return to sport after ACL reconstruction with a BTB versus hamstring tendon autograft: a systematic
review and meta-analysis. Orthop J Sports Med. 2020;8(12):232596712096491. doi:10.1177/2325967120964919

92. Kartus J, Movin T, Karlsson J. Donor-site morbidity and anterior knee problems after anterior cruciate ligament reconstruction using autografts.
Arthroscopy. 2001;17(9):971–980. doi:10.1053/jars.2001.28979

93. Lind M, Nielsen TG, Soerensen OG, Mygind-Klavsen B, Faunø P. Quadriceps tendon grafts does not cause patients to have inferior subjective
outcome after anterior cruciate ligament (ACL) reconstruction than do hamstring grafts: a 2-year prospective randomised controlled trial. Br J
Sports Med. 2020;54(3):183–187. doi:10.1136/bjsports-2019-101000

94. Marques F, Barbosa PHB, Alves PR, et al. Anterior knee pain after anterior cruciate ligament reconstruction. Orthop J Sports Med. 2020;8
(10):232596712096108. doi:10.1177/2325967120961082

95. Xie X, Xiao Z, Li Q, et al. Increased incidence of osteoarthritis of knee joint after ACL reconstruction with bone–patellar tendon–bone
autografts than hamstring autografts: a meta-analysis of 1443 patients at a minimum of 5 years. Eur J Orthopaed Surg Traumatol. 2015;25
(1):149–159. doi:10.1007/s00590-014-1459-3

96. Mastrokalos DS, Springer J, Siebold R, Paessler HH. Donor site morbidity and return to the preinjury activity level after anterior cruciate
ligament reconstruction using ipsilateral and contralateral patellar tendon autograft: a retrospective, nonrandomized study. Am J Sports Med.
2005;33(1):85–93. doi:10.1177/0363546504265926

97. Kartus J, Ejerhed L, Sernert N. Comparison of traditional and subcutaneous patellar tendon harvest a prospective study of donor site-related
problems after anterior cruciate ligament reconstruction using different graft harvesting techniques. Am J Sports Med. 2000;28:328–335.

98. Kartus J, Stener S, Lindahl S, et al. Factors affecting donor-site morbidity after anterior cruciate ligament reconstruction using bone-patellar
tendon-bone autografts. Knee Surg, Sports Traumatol, Arthrosc. 1997;5:222–228.

99. Kartus J, Magnusson L, Stener S, Brandsson S, Eriksson BI, Karlsson J. Complications following arthroscopic anterior cruciate ligament
reconstruction. A 2–5-year follow-up of 604 patients with special emphasis on anterior knee pain. Knee Surg Sports Traumatol Arthrosc. 1999;7
(1):2–8. doi:10.1007/s001670050112

100. Benner RW, Shelbourne KD, Freeman H. Infections and patellar tendon ruptures after anterior cruciate ligament reconstruction: a comparison of
ipsilateral and contralateral patellar tendon autografts. Am J Sports Med. 2011;39(3):519–525. doi:10.1177/0363546510388163

101. Tay G, Warrier S, Marquis G. Indirect patella fractures following ACL reconstruction: a review. Acta Orthopaedica. 2006;77(3):494–500.
doi:10.1080/17453670610046451

102. Stein DA, Hunt SA, Rosen JE, Sherman OH. The incidence and outcome of patella fractures after anterior cruciate ligament reconstruction.
Arthroscopy. 2002;18(6):578–583. doi:10.1053/jars.2002.30658

103. Viola R, Vianello R. Three cases of patella fracture in 1320 anterior cruciate ligament reconstructions with bone-patellar tendon-bone autograft.
Arthroscopy. 1999;15(1):93–97. doi:10.1053/ar.1999.v15.015009

104. Chouteau J, Laptoiu D, Lerat JL, Moyen B. Fracture de la patella après prélèvement os-tendon patellaire-os pour ligamentoplastie de
reconstruction du ligament croisé antérieur: incidence du type de prélèvement [Patellar fracture after anterior cruciate ligament reconstruction
using a bone patellar tendon bone transplant: a comparative study of two harvesting techniques]. Revue de chirurgie orthopedique et reparatrice
de l’appareil moteur. 2008;94(6):561–565. French. doi:10.1016/j.rco.2007.12.002

https://doi.org/10.2147/OAJSM.S340702

DovePress

Open Access Journal of Sports Medicine 2022:1366

Sim et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.knee.2015.06.003
https://doi.org/10.1177/0363546513502309
https://doi.org/10.1177/0363546512454414
https://doi.org/10.2106/JBJS.J.00898
https://doi.org/10.1177/0363546516651845
https://doi.org/10.1007/s00167-021-06759-6
https://doi.org/10.1007/s40279-020-01424-3
https://doi.org/10.1177/2325967119901173
https://doi.org/10.1177/0363546508325665
https://doi.org/10.1177/0363546511430375
https://doi.org/10.1177/0363546511430375
https://doi.org/10.1177/03635465211044142
https://doi.org/10.1136/bjsm.2010.076364
https://doi.org/10.1136/bjsports-2013-093398
https://doi.org/10.1007/s00167-020-06074-6
https://doi.org/10.1177/2325967120964919
https://doi.org/10.1053/jars.2001.28979
https://doi.org/10.1136/bjsports-2019-101000
https://doi.org/10.1177/2325967120961082
https://doi.org/10.1007/s00590-014-1459-3
https://doi.org/10.1177/0363546504265926
https://doi.org/10.1007/s001670050112
https://doi.org/10.1177/0363546510388163
https://doi.org/10.1080/17453670610046451
https://doi.org/10.1053/jars.2002.30658
https://doi.org/10.1053/ar.1999.v15.015009
https://doi.org/10.1016/j.rco.2007.12.002
https://www.dovepress.com
https://www.dovepress.com


105. Lee GH, McCulloch P, Cole BJ, Bush-Joseph CA, Bach BR. The incidence of acute patellar tendon harvest complications for anterior cruciate
ligament reconstruction. Arthrosc- J Arthrosc Relat Surg. 2008;24(2):162–166. doi:10.1016/j.arthro.2007.08.020

106. Miroslav MZ, Robert S, Natasa M, Vladimir H. Reconstruction of patellar tendon rupture after anterior cruciate ligament reconstruction: a case
report. Knee. 2008;15(5):419–422. doi:10.1016/j.knee.2008.05.009

107. Marumoto JM, Mitsunaga MM, Richardson AB, Medoff RJ, Mayfield GW. Late patellar tendon ruptures after removal of the central third for
anterior cruciate ligament reconstruction. A report of two cases. Am J Sports Med. 1996;24(5):698–701. doi:10.1177/036354659602400524

108. Mickelsen PL, Morgan SJ, Johnson WA, Ferrari JD. Patellar tendon rupture 3 years after anterior cruciate ligament reconstruction with a central
one third bone-patellar tendon-bone graft. Arthroscopy. 2001;17(6):648–652. doi:10.1053/jars.2001.23577

109. Bonamo JJ, Krinick RM, Sporn AA. Rupture of the patellar ligament after use of its central third for anterior cruciate reconstruction. A report of
two cases. J Bone Joint Surg Am. 1984;66(8):1294–1297. doi:10.2106/00004623-198466080-00020

110. Salvi AE, Metelli GP, Musella G. Spontaneous patellar fracture in a soccer player occurred 3 years and 3 months after anterior cruciate ligament
reconstruction with central third bone-patellar tendon-bone graft. Knee Surg Sports Traumatol Arthrosc. 2007;15(10):1280–1281. doi:10.1007/
s00167-007-0370-4

111. Benner RW, Shelbourne KD, Urch SE, Lazarus D. Tear patterns, surgical repair, and clinical outcomes of patellar tendon ruptures after anterior
cruciate ligament reconstruction with a bone-patellar tendon-bone autograft. Am J Sports Med. 2012;40(8):1834–1841. doi:10.1177/
0363546512449815

112. Webster KE, Feller JA, Hartnett N, Leigh WB, Richmond AK. Comparison of patellar tendon and hamstring tendon anterior cruciate ligament
reconstruction: a 15-year follow-up of a randomized controlled trial. Am J Sports Med. 2016;44(1):83–90. doi:10.1177/0363546515611886

113. Castoldi M, Magnussen RA, Gunst S, et al. A randomized controlled trial of bone–patellar tendon–bone anterior cruciate ligament reconstruc-
tion with and without lateral extra-articular tenodesis: 19-year clinical and radiological follow-up. Am J Sports Med. 2020;48(7):1665–1672.
doi:10.1177/0363546520914936

114. Mao Y, Zhang K, Li J, Fu W. Supplementary lateral extra-articular tenodesis for residual anterolateral rotatory instability in patients undergoing
single-bundle anterior cruciate ligament reconstruction: a meta-analysis of randomized controlled trials. Orthop J Sports Med. 2021;9
(5):232596712110022. doi:10.1177/23259671211002282

115. Beckers L, Vivacqua T, Firth AD, Getgood AMJ. Clinical outcomes of contemporary lateral augmentation techniques in primary ACL
reconstruction: a systematic review and meta-analysis. J Exp Orthopaed. 2021;8(1). doi:10.1186/s40634-021-00368-5

116. Na BR, Kwak WK, Seo HY, Seon JK. Clinical outcomes of anterolateral ligament reconstruction or lateral extra-articular tenodesis combined
with primary ACL reconstruction: a systematic review with meta-analysis. Orthop J Sports Med. 2021;9(9):232596712110230. doi:10.1177/
23259671211023099

117. Getgood AMJ, Bryant DM, Litchfield R, et al. Lateral extra-articular tenodesis reduces failure of hamstring tendon autograft anterior cruciate
ligament reconstruction: 2-year outcomes from the STABILITY study randomized clinical trial. Am J Sports Med. 2020;48(2):285–297.
doi:10.1177/0363546519896333

118. Sonnery-Cottet B, Haidar I, Rayes J, et al. Long-term graft rupture rates after combined acl and anterolateral ligament reconstruction versus
isolated ACL reconstruction: a matched-pair analysis from the SANTI study group. Am J Sports Med. 2021;49(11):2889–2897. doi:10.1177/
03635465211028990

Open Access Journal of Sports Medicine Dovepress

Publish your work in this journal
Open Access Journal of Sports Medicine is an international, peer-reviewed, open access journal publishing original research, reports,
reviews and commentaries on all areas of sports medicine. The manuscript management system is completely online and includes a very quick and
fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/open-access-journal-of-sports-medicine-journal

Open Access Journal of Sports Medicine 2022:13 DovePress 67

Dovepress Sim et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.arthro.2007.08.020
https://doi.org/10.1016/j.knee.2008.05.009
https://doi.org/10.1177/036354659602400524
https://doi.org/10.1053/jars.2001.23577
https://doi.org/10.2106/00004623-198466080-00020
https://doi.org/10.1007/s00167-007-0370-4
https://doi.org/10.1007/s00167-007-0370-4
https://doi.org/10.1177/0363546512449815
https://doi.org/10.1177/0363546512449815
https://doi.org/10.1177/0363546515611886
https://doi.org/10.1177/0363546520914936
https://doi.org/10.1177/23259671211002282
https://doi.org/10.1186/s40634-021-00368-5
https://doi.org/10.1177/23259671211023099
https://doi.org/10.1177/23259671211023099
https://doi.org/10.1177/0363546519896333
https://doi.org/10.1177/03635465211028990
https://doi.org/10.1177/03635465211028990
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com

	Introduction
	Discussion
	ACLR Graft Options
	Autograft
	Allograft
	Artificial Graft

	Outcomes
	Graft Failure
	Autograft
	Allograft
	Artificial Graft
	Contralateral ACL Injury
	Return to Activity
	Donor Site Morbidity
	Anterior and Kneeling Knee Pain
	Patella-Related Complications
	Patella Fracture
	Patella Tendon Rupture
	Range of Motion and Strength

	Lateral Extra-Articular Procedures
	Conclusion
	Disclosure
	References

