
Thomas Jefferson University Thomas Jefferson University 

Jefferson Digital Commons Jefferson Digital Commons 

Department of Orthopaedic Surgery Faculty 
Papers Department of Orthopaedic Surgery 

6-25-2023 

Postoperative Considerations Based on Graft Type After Anterior Postoperative Considerations Based on Graft Type After Anterior 

Cruciate Ligament Reconstruction a Narrative Review Cruciate Ligament Reconstruction a Narrative Review 

Anne Leung 

Bridget DeSandis 

Luke O'Brien 

Sommer Hammoud 

Ryan Zarzycki 

Follow this and additional works at: https://jdc.jefferson.edu/orthofp 

 Part of the Orthopedics Commons, and the Surgery Commons 

Let us know how access to this document benefits you 
This Article is brought to you for free and open access by the Jefferson Digital Commons. The Jefferson Digital 
Commons is a service of Thomas Jefferson University's Center for Teaching and Learning (CTL). The Commons is 
a showcase for Jefferson books and journals, peer-reviewed scholarly publications, unique historical collections 
from the University archives, and teaching tools. The Jefferson Digital Commons allows researchers and interested 
readers anywhere in the world to learn about and keep up to date with Jefferson scholarship. This article has been 
accepted for inclusion in Department of Orthopaedic Surgery Faculty Papers by an authorized administrator of the 
Jefferson Digital Commons. For more information, please contact: JeffersonDigitalCommons@jefferson.edu. 

https://jdc.jefferson.edu/
https://jdc.jefferson.edu/orthofp
https://jdc.jefferson.edu/orthofp
https://jdc.jefferson.edu/ortho
https://jdc.jefferson.edu/orthofp?utm_source=jdc.jefferson.edu%2Forthofp%2F200&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/696?utm_source=jdc.jefferson.edu%2Forthofp%2F200&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/706?utm_source=jdc.jefferson.edu%2Forthofp%2F200&utm_medium=PDF&utm_campaign=PDFCoverPages
https://library.jefferson.edu/forms/jdc/index.cfm
http://www.jefferson.edu/university/teaching-learning.html/


Page 1 of 12

© Annals of Joint. All rights reserved. Ann Joint 2023;8:26 | https://dx.doi.org/10.21037/aoj-22-51

Introduction

Background

Anterior cruciate ligament (ACL) injuries are among the 
most common athletic knee injuries with rising incidence in 
youth athletes (1-3). Return to high level activity following 

ACL injury remains a major risk factor for subsequent 

ACL rupture, necessitating adequate understanding of 

contributing factors to successful rehabilitation and return 

to sport (RTS) (4). Current treatment in the United 

States nearly always includes surgical reconstruction, and 

in younger athletic populations autografts are generally 
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preferred as allografts are more likely to result in graft 
failure and carry risks of infection or delayed integration 
(1,5-12). Hamstring tendon (HT) and bone-patellar 
tendon-bone (BPTB) grafts are more commonly performed 
but recent evidence and trends may favor quadriceps tendon 
(QT) autograft as an alternative choice (1,5,13).

Rationale and knowledge gap

Graft type selection carries implications for decision 
making throughout rehabil itation following ACL 
reconstruction (ACLR) including appropriate protection 
and loading of tissues relevant to graft harvest, temporal 
milestones of graft integration, and expectations for 
achieving clinical benchmarks known to reduce injury 
risk (4,5,14,15). Notably, time to meet important clinical 
milestones after surgery differs between athletes who 
received different graft types, delaying progression and 
return to play in those with BPTB autografts (5). It is 
imperative that clinicians understand the relevance of 
graft type to rehabilitation following surgery in order 
to optimize outcomes. Existing published reviews have 
broadly addressed graft type implications within the 
perspective of rehabilitation but no reviews to date 
have identified specific implications of graft selection 
throughout the course of rehabilitation and RTS.

Objective

The purpose of this review is to discuss relevant similarities 
and differences in post-operative ACLR rehabilitation based 

on graft type. We organized this perspective in sections 
based on time from surgery (i.e., early post-operative, mid-
late postoperative, and transition/RTS). We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://aoj.amegroups.org/article/
view/10.21037/aoj-22-51/rc).

Methods

A PubMed search was performed with keywords used as 
follows: “anterior cruciate ligament reconstruction” AND 
“graft type”. EBSCO academic search ultimate search 
terms were as follows: graft type in ACL reconstruction, 
which yielded 304. Results of both searches were filtered 
for full text journal articles published 2000–2022 in English. 
Parameters of our search are outlined in Table 1. Our search 
yielded a total of 371 unique articles. Titles and abstracts 
were reviewed independently by two authors to determine 
appropriateness for inclusion followed by full text review 
as needed to reach consensus for inclusion. After review 
of abstracts and full text we included 31 articles from this 
process.

We also supplemented this search with separate searches 
to capture specific graft type considerations within each 
phase of rehabilitation based on our clinical knowledge 
of priorities and clinical criteria relevant to each phase 
and referenced additional literature. Our additional 
75 references cited come from those searches, broader 
ACLR rehabilitation literature, and evidence pertinent to 
tendinopathy that we apply to rehabilitation of graft harvest 
site.

Table 1 Search parameters and methods

Items Specification

Date of search 4/3/2023

Databases and other sources searched PubMed and EBSCO

Search terms used PubMed: “anterior cruciate ligament reconstruction” AND “graft type”; EBSCO: graft type in 
ACL reconstruction

Timeframe 2000–2022

Inclusion criteria Full text peer reviewed articles in English

Exclusion criteria Articles pertaining to synthetic ligament augmentation, IT band autograft, anterolateral ligament 
reconstruction, skeletally immature athletes

Selection process Titles and abstracts were independently reviewed by two authors (AL and RZ), consensus 
obtained by reviewing full texts

ACL, anterior cruciate ligament.

https://aoj.amegroups.org/article/view/10.21037/aoj-22-51/rc
https://aoj.amegroups.org/article/view/10.21037/aoj-22-51/rc
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Discussion

Early post-operative phase

The primary concerns in the early post-operative phase 
of rehabilitation (defined here as 1–2 weeks following 
surgery) are managing pain, monitoring effusion, and 
restoring full range of motion (ROM). There is evidence 
of higher intensity and greater prevalence of pain early 
(i.e., immediately after surgery and 3 days post-ACLR) 
after surgery with BPTB vs. HT autograft (16). Despite 
differences in patient reports of pain, there was no 
significant difference in opioid usage over the same period 
of time, but patients who received HT autograft reported 
higher satisfaction with pain management compared to 
those who received BPTB autograft (16). The use of 
electrical stimulation for pain control following ACLR 
has not been widely studied; however, a recent systematic 
review supports a positive effect of strong non-painful 
electrical stimulation on reducing intensity of pain during 
and immediately after treatment in postoperative patients 
and following acute injury (17). Use of electrical stimulation 
as an adjunct to other interventions may be beneficial in 
managing post-operative pain.

Regardless of graft type, restoration of full knee 
extension should be achieved early, ideally within 4 weeks 
following surgery. Previous research has found a correlation 
between extension ROM at 4 weeks and at 12 weeks, which 
supports the importance of achieving full knee extension 
early after ACLR (18). Furthermore, clinical data have 
supported the feasibility of early ROM restoration with 
patients on average achieving full passive knee extension by 
1 week and active knee extension by 2 weeks after surgery 
regardless of graft type (1).

The main difference in the early post-operative phase 
is higher intensity pain experienced after BPTB compared 
to HT. There are currently no published data on pain after 
QT reconstruction in the initial 2 weeks following surgery. 
Based on the limited literature examining acute pain 
immediately after ACLR by graft type, pain management 
following ACLR should include a multimodal approach 
that includes nerve blocks, oral medications, intra-articular 
injections, cryotherapy, and compression regardless of graft 
type (19).

Regardless of graft type, patients should also be 
monitored for signs of post-operative infection early after 
surgery. A meta-analysis found no significant difference 
between autografts and allografts but higher risk of infection 
after HT compared to BPTB autograft (20,21). Generally, 

the incidence of infection after ACLR is relatively low, 
but between autografts infection is less likely after BPTB 
compared to HT (relative risk =0.33) (20,21).

Mid-to-late postoperative phase

The main considerations for the mid-stage of postoperative 
rehabilitation (defined here as the restoration of a quiet 
knee starting 2–4 weeks following surgery and continuing 
until appropriate for progression into RTS phase no 
sooner than 3–4 months following surgery) are muscle 
strengthening to address asymmetries in knee extensor 
and flexor strength, restoring movement quality during 
foundational motor tasks and physical reconditioning, in 
addition to continuing to address remaining impairments 
from the early postoperative phase. Regardless of graft type, 
timely restoration of quadriceps strength is critical during 
this phase. Extensive research indicates that many patients 
do not sufficiently restore quadriceps strength after ACLR 
(22-25), with more than half of patients experiencing a 
deficit greater than 10% vs. the contralateral limb at the 
time of RTS (24-28). Associations between quadriceps 
dysfunction and poor biomechanics (24), reduced knee 
function (29,30), increased risk of knee osteoarthritis (31), 
and re-injury risk (4) are well established. Thus, targeted 
loading of the quadriceps and knee extensor mechanism 
immediately after surgery is crucial.

Active loading for all graft types should consist of both 
open-kinetic chain (OKC) and closed-kinetic chain (CKC) 
exercises. Despite persistent resistance to the use of OKC 
exercises early during ACLR due to fear of excessive strain 
on the healing ACL graft, multiple studies have shown 
strain on the ACL is low with OKC exercise (32,33), with 
significantly more strain occurring during midstance and late 
swing phases of gait (34-36). Therefore, exercises such as 
long arc quads (LAQ) are safe to begin 90° to 0° with light 
ankle cuff weight resistance in the early postoperative phase, 
with progression to a resisted knee extension machine during 
mid-stage rehabilitation or earlier depending on response 
and tolerance of the patient. In a recent clinical review by 
Brinlee et al., the authors advocate for using knee soreness 
and effusion as a guide for exercise progression, not perceived 
strain on the ACL graft (1). Thus, routine assessment of 
knee effusion using the sweep test and monitoring pain 
via soreness rules should be used to determine whether 
a patient is appropriate for progression in strengthening 
program regardless of graft type.

Graft type should be considered with targeted loading 
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of the extensor mechanism. With both QT and BPTB 
grafts, it is reasonable to anticipate harvest site tendinopathy 
after reconstruction and rehabilitation should include 
considerations for surgically-induced tendinopathy (1). 
Typical tendinopathy treatment consists of tendon 
loading exercise programs and modalities such as noxious 
electrical stimulation to address pain (37). Therefore, 
similar quadricep and patellar tendon loading is logical 
following QT and BPTB grafting. In order to promote 
tissue remodeling, the harvest site must be loaded with 
active quadriceps contraction. To properly isolate the 
rectus femoris and QT during quadriceps strengthening 
and tendon loading exercises, the patient should be placed 
into positions where the hip is extended (38). Conversely, 
the patellar tendon is loaded whenever knee flexion angle 
changes and the quadricep is contracted, so patients with 
BPTB grafts have less specific considerations regarding 
exercise set up and hip/knee positioning. However, due 
to increased patellofemoral forces and possible irritation 
during progressive resisted exercises, therapists should 
treat increases in anterior knee pain with noxious electrical 
stimulation and patellar taping as needed, follow the 
tendinopathy pain monitoring model (39), and consider the 
alteration of knee flexion angles to the most comfortable 
between 45–60° for maximal volitional contractions and 
neuromuscular electrical stimulation (NMES) treatment to 
decrease strain on patellofemoral joint (1).

In order to ensure exercises are targeting the harvest 
site, therapists should ask patients where they are feeling 
the muscle effort and/or pain to ensure it is localized to the 
harvest site. They should also use the Numeric Pain Rating 
Scale (NPRS) and pain-monitoring model to ensure loads are 
safe but sufficient enough to allow for tendon remodeling (39). 
Pain ratings within the “safe zone” (0–2/10 NPRS) indicate 
the exercise is safe but probably not applying enough load 
through the tendon to allow for remodeling. Pain ratings 
in the “acceptable zone” (2–5/10 NPRS) suggest there is 
enough load being applied to the harvest site for remodeling 
without risk of overstressing the tissue or putting the patient 
at risk for patellar fracture. If pain ratings exceed the 5/10 
NPRS “high risk” zone, the exercise should be terminated 
to reduce risk of tissue overload and patellar fracture.

With HT autografts, the semitendinosus (ST) and/
or gracilis tendon (GT) are most commonly used. Graft 
harvest requires a smaller incision and leaves the extensor 
mechanism intact. However, hamstring harvest leads to 
greater knee flexion strength deficits, approaching 50% 
at 4 weeks, after ACLR with HT (40-42). This strength 

deficit generally coincides with the transition from the 
early postoperative to mid-stage of rehabilitation. Current 
recommendations specific to HT graft delay targeted 
hamstring specific strengthening for 6–8 weeks after ACLR 
(33,43,44). Hamstring strengthening can be initiated with 
isometric knee flexion at week 6, progressing to dynamic 
knee flexion at week 8. Once pain-free with dynamic knee 
flexion, load can be introduced from 0–90° at 8–12 weeks. 
Hamstring restrictions are then lifted beyond 12 weeks 
postoperative.

The recommendations made in the previous paragraph 
are based on multiple factors including a resultant grade 4 
muscle-tendon lesion following HT harvest and proximal 
migration of the ST muscle-tendon junction, which has 
varying incidence following ACLR with HT but requires 
an estimated 18 months to regenerate when such a lesion 
does occur (45-49). Recently, Buckthorpe et al. suggested a 
lack of quality evidence to support this delay and advocated 
for integration of early hamstring specific exercise at 
low intensity (50). However, it is important to note their 
suggestion is based on anecdotal experience, with no 
published studies demonstrating safety and improvements 
in hamstring recovery with earlier initiation of hamstring 
specific exercise. The above recommendation included low 
intensity isometric and concentric hamstring exercises in 
positions that shorten hamstring length during the early stage 
of rehabilitation in order to minimize knee flexor strength 
deficits and allow for easier hamstring strength recovery 
during the mid- and later phases of rehabilitation (50).  
Example exercises include neuromuscular activation 
exercises and low-intensity controlled movements such 
as co-contractions, controlled prone limb lowering, and 
controlled knee flexion recovery in gait (pool priority). 
Once patients transition into the mid-stage of rehabilitation 
at about 4 weeks, they recommend gradual progression of 
resistance (described as low-to-moderate loads), which may 
be supplemented by blood flow restriction (BFR) (51). A 
complementary variety of knee and hip focused exercises 
should be used, focusing first on isometric or concentric 
actions. Increased hamstring loading via either isolated 
or functional exercise are appropriate and safe to include 
beyond 6–8-week postoperative timepoint to mitigate 
hamstring strength deficits. Emphasis must be placed on 
optimal technique during functional exercise to ensure 
positive motor control adaptations.

There is no difference between graft type in regards 
to neuromuscular re-education exercise and aerobic 
training during this stage of rehabilitation. Balance and 
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proprioceptive exercises on variable surfaces can be initiated 
in addition to perturbation progressions. Patients can then 
be progressed to higher level balance activities that include 
multi-tasking and incorporate sport-specific equipment 
as appropriate. Aerobic training on the bike, elliptical and 
Stairmaster can safely be initiated at 4 weeks, increasing 
duration and intensity as tolerated.

As patients enter the later phase of rehabilitation, 
protocols do not differ significantly between graft types as 
the goals of this phase are to improve tolerance to loading 
and muscle performance, improve aerobic conditioning, 
and increase variability of training, focusing on optimizing 
neuromuscular control, movement performance and 
sport-specific training. Therapists should continue to be 
considerate of tendinopathy symptoms for all graft types 
as they progress patients, modifying load and treating with 
modalities as needed. Utilization of progressive resistive 
exercise for quadriceps strengthening should be continued 
in order to achieve quadricep strength of at least ≥80–90% 
of the uninvolved side. Use of BFR and NMES should be 
continued if strength is still deficient, discontinuing once 
the patient is able to tolerate >70% 1-RM load and once 
≥80% quadricep strength is achieved, respectively.

It has been established that hamstring muscle lesions 
and persistent strength deficits increase risk of hamstring 
strain injury (HSI) (52-54). HSIs typically occur when 
the hamstrings act eccentrically to decelerate the knee at 
the end of swing phase during running and sprinting (55). 
Hamstring grafting results in a grade 4 muscle lesion to 
the hamstrings, with resultant deficits in eccentric hamstring 
strength after ACLR with HT having been reported as 
ranging from 16% to 20% (56-58). This strength deficit 
can be due to altered muscle morphology of the graft site, 
but also alterations in neuromuscular activation and muscle 
inhibition during eccentric contractions (58-60). Studies have 
shown that 6–10 weeks of knee-based eccentric hamstring 
strengthening can improve knee flexor eccentric strength by 
13–19% and may, in turn, reduce risk of sustaining a future 
HSI (61-63). Therefore, eccentric training following ACLR 
is particularly important following HT autograft in order to 
overcome persistent weakness, improve eccentric strength 
and avoid future HSI.

For eccentric training, time under tension is important. 
Thus, a tempo such as 1:1:5 (concentric: isometric: 
eccentric) should be assigned to eccentric exercises. Since 
the hamstrings act both to extend the hip and flex the knee, 
exercises that train patients to absorb force at the hip (into 
hip flexion) and at the knee (into knee extension) should 

be utilized during training (49). Examples of hip dominant 
eccentric exercises include bridging exercises, Romanian 
deadlifts (RDLs), eccentric hip extension at cable column, 
and rear-foot elevated split squats. Knee dominant eccentric 
exercises include Nordic hamstring curls, Swiss ball single 
leg roll outs, seated or prone hamstring curl machine 
eccentrics. Eccentric exercises accomplish a greater overload 
to the muscle than concentric exercise and often results 
in increased incidence of delayed onset muscle soreness 
(DOMS) (50). Thus, set and rep ranges should start lower 
(i.e., 2×5), progressively increasing volume week by week as 
tolerated working toward 3 sets of 8–12 reps (63). Eccentric 
training should be performed before light training or off 
days and can include progressive introduction of speed 
to increase load as patients are able to withstand longer 
forward falls (63).

HT autograft also results in selective ST muscle atrophy 
(10–28%) (46,64-66) and can sometimes be associated 
with gracilis muscle atrophy (~30%) (65,66). This leads to 
decreased knee flexion strength but may also lead to deficits 
in transverse plane knee control as the medial hamstrings 
assist with tibial internal rotator and medial stability. As a 
result, patients may compensate through external rotation 
of the lower extremity during hamstring strengthening 
exercises such as hamstring curls or bridging to substitute 
with the biceps femoris. Therapists should be aware of 
these compensations and cue patients to maintain neutral 
alignment. Exercises can also be modified to increase 
activation of the medial hamstrings by changing lower 
extremity/foot position to more internal rotation (67).

Transition and RTS

There is no evidence supporting different protocols or 
RTS testing criteria based on graft type. Criterion-based 
guidelines have been widely used in rehabilitation decisions 
for progression, with emphasis on the importance of 
quadriceps strength symmetry for initiation of plyometrics 
and running (1,5,68). Objective measures of quadriceps 
strength should be performed to inform appropriateness of 
progression through these phases, and persistent asymmetry 
in quadriceps strength would delay progression.

Expectations for quadriceps and hamstring function early in 
this phase differ somewhat between autograft types (5,69-71). 
Existing literature suggests that at around 3–4 months after 
surgery patients tend to have less strength in the harvest site 
muscle group, with HT showing lower hamstring strength 
and BPTB showing lower quadriceps strength 4 months 
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after ACLR (69,70). Quadriceps function following QT 
autograft has not been as widely studied to date, but studies 
have found greater quadriceps asymmetry in both QT and 
BPTB compared to HT at multiple time points after ACLR 
including 6 months post-reconstruction and beyond (72-75).  
Because of these differences in function, continuation of 
adequately dosed strengthening during this transitional 
phase is appropriate and may be more targeted toward 
the hamstrings or quadriceps depending on graft type and 
informed by objective strength measures. Greater emphasis 
on quadriceps strengthening via open chain knee extension 
and functional quadriceps strengthening exercises may be 
necessary following graft harvest of the extensor mechanism 
(QT or BPTB) as compared to following HT graft. 
Functional quadriceps training (i.e., closed chain exercises) 
should be designed to increase quadriceps activation. This 
can be accomplished by moving the individual’s center of 
mass farther away from the knee joint’s center of rotation. 
Similarly, following HT graft, hamstring specific exercises 
including those listed in the previous section are likely 
necessary during this phase. Regardless of graft type, 
objective strength measures should inform intervention 
selection throughout rehabilitation.

Despite evidence of differences in quadriceps strength 
and other objective measures relevant to RTS early in 
the transitional phases, there is no remarkable difference 
between autograft types on hop testing or strength testing 
at RTS (76). In a recent study by Smith et al. athletes 
who received BPTB autograft met progression criteria 
on average 6 weeks later (at 28.5 weeks) and RTS criteria  
12 weeks later (at 44.7 weeks) than HT, but at 1 year 
follow up between group differences in quadriceps strength 
symmetry were no longer present (5).

Differences on functional testing and other criteria for 
progression between graft type recipients are less well 
documented. Cristiani et al. reported differences in single 
leg hop symmetry at 4 months with HT performing better 
than BPTB, but no significant differences were noted at any 
other time point (6-, 8-,12-, and 24-month) (69). A recent 
cross-sectional study found differences in posteromedial 
reach on the lower quarter Y-balance test between 
autografts, with HT performing better than BPTB, but 
there were no remarkable differences in performance 
on functional tests including the Landing Error Scoring 
System and single leg hop testing (77).

Previously held beliefs that allowed for RTS 6 months 
after surgery have been widely called into question 
(1,5,27,78-80). Multiple studies have found the majority of 

patients are unable to pass RTS criteria at this time point, 
though RTS criteria used by different groups has been 
variable (27,78,79). Evidence also suggests that delaying 
RTS, especially in cutting and pivoting sport, to 9 months 
after surgery reduces secondary injury rate (80), which 
suggests the longer duration of rehabilitation to achieve 
recommended RTS criteria may have a protective effect on 
athletes after BPTB autograft by delaying exposure to sport 
activity (5).

There is wide variability in practice patterns of surgeons 
and physical therapists when it comes to objective test 
performance and RTS criteria (68,81-83). However, limb 
symmetry >90% on single leg hop tests and isokinetic 
hamstring and quadriceps testing, and high reports of knee 
function and psychological readiness on patient reported 
outcomes are associated with greater RTS and reduced rate 
of reinjury based on several studies and clinical practice 
guidelines (1,4,14,15,78,84). Recent recommendations also 
include RTS no sooner than 9 months post-reconstruction 
for all autografts and no sooner than 1 year for allografts, 
dependent on passing defined RTS criteria (1).

Long-term outcomes

Given the high prevalence of secondary ACL injury, either 
via graft rupture or contralateral ACL rupture, one of the 
primary measures of long-term outcomes after ACLR is 
secondary injury. There are a multitude of factors beyond 
graft type that contribute to secondary injury, but some 
evidence suggests graft selection influences reinjury rates 
as well (4,85,86). Multiple studies have found higher rates 
of graft failure in HT compared to BPTB (6,77,85,87,88) 
and relative to QT (89). Specifically, a recent meta-analysis 
that found higher rates of graft rupture in HT compared 
to BPTB; however, the rates of failure were low in each 
group which brings into question whether these findings are 
clinically meaningful (90). Prevalence of contralateral rupture 
does not significantly differ between autograft types (85). 
Evidence has also consistently shown higher failure rates in 
allografts compared to autografts (1,6-12,85).

Other considerations for long term outcomes include 
development of osteoarthritis, continued pain, and return to 
prior activity level. Patients may be more likely to develop 
tibiofemoral osteoarthritis following BPTB compared to 
HT autograft, but the evidence is mixed (91-93). There is 
also some evidence that anterior knee pain and pain with 
kneeling is more common at long-term follow-up after 
BPTB autograft (94-98).
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Given the potential increased risk for graft rupture 
of allograft more than HT autograft, injury prevention 
programs beyond RTS may be beneficial for athletes to 
implement. Patients and athletes should also be educated 
on the relevance of osteoarthritis and persistent anterior 
knee pain following BPTB autograft and would benefit 
from comprehensive home exercise programs with these 
outcomes in mind at time of discharge from rehabilitation.

There are no studies specifically investigating the 
relevance of sex to ACLR rehabilitation based on graft type. 
Female athletes are more likely to sustain ACL rupture 
than males, and existing literature outlines differences in 
long term outcomes and quadriceps function based on sex 
(99-106). Regardless of graft type, female athletes may 
require additional training or education on secondary injury 
prevention and continued quadriceps strengthening in 
order to return to previous activity levels.

Strengths and limitations

Strengths of this review include the authors combined 
extensive clinical experience treating patients after ACLR 
and familiarity with the existing literature. There is 
extensive evidence on ACLR rehabilitation, but a limited 
number of specific clinical trials comparing graft type 
course of care and outcomes. The majority of existing 
literature that specifically compares graft type focuses on 
long term outcomes such as revision and/or graft rupture 
rate. A systematic review was not performed to grade the 
quality of our references or assess for risk of bias.

Conclusions

The most notable effect of graft type on course of 
rehabilitation after ACLR is decreased strength of the 
harvest site muscle group, which affects time expectations 
for meeting clinical milestones to progress through 
rehabilitation phases. Following BPTB and possibly QT 
graft it is reasonable to expect greater asymmetries in 
quadriceps strength throughout recovery, which then 
requires more time to meet objective clinical criteria to 
progress through stages of rehabilitation. This delay may 
also be protective against secondary injury. Following HT 
autograft, it is reasonable to expect greater asymmetries 
in hamstring strength, though these deficits do not seem 
to affect timepoints for progression. The other main 
considerations for graft type include higher acute post-
operative pain after BPTB, increased risk of graft failure 

after allograft more than HT autograft, and higher 
incidence of osteoarthritis after BPTB autograft. RTS 
decisions should be informed by clinical criteria regardless 
of graft type, but recipients of allograft reconstructions 
should delay RTS to a minimum 12 months after surgery 
compared to a minimum of 9 months from surgery for 
those after autografts. Finally, graft type should influence 
patient education for long term outcomes and preventative 
exercise for patients to continue beyond RTS and discharge 
from skilled care.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the Guest Editor (Nicholas N. DePhillipo) for the series 
“Implications of Graft Choice in ACL Reconstruction” 
published in Annals of Joint. The article has undergone 
external peer review.

Reporting Checklist: The authors have completed the 
Narrative Review reporting checklist. Available at https://
aoj.amegroups.org/article/view/10.21037/aoj-22-51/rc

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://aoj.amegroups.
org/article/view/10.21037/aoj-22-51/coif). The series 
“Implications of Graft Choice in ACL Reconstruction” was 
commissioned by the editorial office without any funding or 
sponsorship. The authors have no other conflicts of interest 
to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 

https://aoj.amegroups.org/article/view/10.21037/aoj-22-51/rc
https://aoj.amegroups.org/article/view/10.21037/aoj-22-51/rc
https://aoj.amegroups.org/article/view/10.21037/aoj-22-51/coif
https://aoj.amegroups.org/article/view/10.21037/aoj-22-51/coif


Annals of Joint, 2023Page 8 of 12

© Annals of Joint. All rights reserved. Ann Joint 2023;8:26 | https://dx.doi.org/10.21037/aoj-22-51

See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Brinlee AW, Dickenson SB, Hunter-Giordano A, et 
al. ACL Reconstruction Rehabilitation: Clinical Data, 
Biologic Healing, and Criterion-Based Milestones to 
Inform a Return-to-Sport Guideline. Sports Health 
2022;14:770-9.

2. Beck NA, Lawrence JTR, Nordin JD, et al. ACL Tears 
in School-Aged Children and Adolescents Over 20 Years. 
Pediatrics 2017;139:e20161877.

3. Waldén M, Hägglund M, Magnusson H, et al. ACL 
injuries in men's professional football: a 15-year 
prospective study on time trends and return-to-play rates 
reveals only 65% of players still play at the top level 3 
years after ACL rupture. Br J Sports Med 2016;50:744-50.

4. Grindem H, Snyder-Mackler L, Moksnes H, et al. Simple 
decision rules can reduce reinjury risk by 84% after ACL 
reconstruction: the Delaware-Oslo ACL cohort study. Br J 
Sports Med 2016;50:804-8.

5. Smith AH, Capin JJ, Zarzycki R, et al. Athletes With 
Bone-Patellar Tendon-Bone Autograft for Anterior 
Cruciate Ligament Reconstruction Were Slower to Meet 
Rehabilitation Milestones and Return-to-Sport Criteria 
Than Athletes With Hamstring Tendon Autograft or 
Soft Tissue Allograft: Secondary Analysis From the ACL-
SPORTS Trial. J Orthop Sports Phys Ther 2020;50:259-66.

6. Nissen KA, Eysturoy NH, Nielsen TG, et al. Allograft 
Use Results in Higher Re-revision Rate for Revision 
Anterior Cruciate Ligament Reconstruction. Orthop J 
Sports Med 2018;6:2325967118775381.

7. Borchers JR, Pedroza A, Kaeding C. Activity level and 
graft type as risk factors for anterior cruciate ligament 
graft failure: a case-control study. Am J Sports Med 
2009;37:2362-7.

8. Yabroudi MA, Björnsson H, Lynch AD, et al. Predictors 
of Revision Surgery After Primary Anterior Cruciate 
Ligament Reconstruction. Orthop J Sports Med 
2016;4:2325967116666039.

9. Wasserstein D, Sheth U, Cabrera A, et al. A Systematic 
Review of Failed Anterior Cruciate Ligament 
Reconstruction With Autograft Compared With Allograft 
in Young Patients. Sports Health 2015;7:207-16.

10. Kaeding CC, Aros B, Pedroza A, et al. Allograft Versus 
Autograft Anterior Cruciate Ligament Reconstruction: 
Predictors of Failure From a MOON Prospective 
Longitudinal Cohort. Sports Health 2011;3:73-81.

11. Pallis M, Svoboda SJ, Cameron KL, et al. Survival 
comparison of allograft and autograft anterior cruciate 
ligament reconstruction at the United States Military 
Academy. Am J Sports Med 2012;40:1242-6.

12. 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;43:1583-90.

13. Mouarbes D, Menetrey J, Marot V, et al. 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;47:3531-40.

14. Logerstedt D, Grindem H, Lynch A, et al. Single-legged 
hop tests as predictors of self-reported knee function after 
anterior cruciate ligament reconstruction: the Delaware-
Oslo ACL cohort study. Am J Sports Med 2012;40:2348-56.

15. Kyritsis P, Bahr R, Landreau P, et al. Likelihood of ACL 
graft rupture: not meeting six clinical discharge criteria 
before return to sport is associated with a four times 
greater risk of rupture. Br J Sports Med 2016;50:946-51.

16. Okoroha KR, Keller RA, Jung EK, et al. Pain 
Assessment After Anterior Cruciate Ligament 
Reconstruction: Bone-Patellar Tendon-Bone Versus 
Hamstring Tendon Autograft. Orthop J Sports Med 
2016;4:2325967116674924.

17. Johnson MI, Paley CA, Jones G, et al. Efficacy and safety 
of transcutaneous electrical nerve stimulation (TENS) for 
acute and chronic pain in adults: a systematic review and 
meta-analysis of 381 studies (the meta-TENS study). BMJ 
Open 2022;12:e051073.

18. Noll S, Garrison JC, Bothwell J, et al. Knee Extension 
Range of Motion at 4 Weeks Is Related to Knee 
Extension Loss at 12 Weeks After Anterior Cruciate 
Ligament Reconstruction. Orthop J Sports Med 
2015;3:2325967115583632.

19. Davey MS, Hurley ET, Anil U, et al. Pain Management 
Strategies After Anterior Cruciate Ligament 
Reconstruction: A Systematic Review With Network 
Meta-analysis. Arthroscopy 2021;37:1290-1300.e6.

20. Bansal A, Lamplot JD, VandenBerg J, et al. Meta-
analysis of the Risk of Infections After Anterior Cruciate 
Ligament Reconstruction by Graft Type. Am J Sports Med 
2018;46:1500-8.

21. Murphy MV, Du DT, Hua W, et al. Risk Factors for 
Surgical Site Infections Following Anterior Cruciate 
Ligament Reconstruction. Infect Control Hosp Epidemiol 

https://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Joint, 2023 Page 9 of 12

© Annals of Joint. All rights reserved. Ann Joint 2023;8:26 | https://dx.doi.org/10.21037/aoj-22-51

2016;37:827-33.
22. Hart JM, Pietrosimone B, Hertel J, et al. Quadriceps 

activation following knee injuries: a systematic review. J 
Athl Train 2010;45:87-97.

23. Lepley AS, Gribble PA, Thomas AC, et al. Quadriceps 
neural alterations in anterior cruciate ligament 
reconstructed patients: A 6-month longitudinal 
investigation. Scand J Med Sci Sports 2015;25:828-39.

24. Palmieri-Smith RM, Thomas AC, Wojtys EM. 
Maximizing quadriceps strength after ACL reconstruction. 
Clin Sports Med 2008;27:405-24, vii-ix.

25. Snyder-Mackler L, Delitto A, Bailey SL, et al. Strength 
of the quadriceps femoris muscle and functional recovery 
after reconstruction of the anterior cruciate ligament. 
A prospective, randomized clinical trial of electrical 
stimulation. J Bone Joint Surg Am 1995;77:1166-73.

26. Welling W, Benjaminse A, Seil R, et al. Low rates of 
patients meeting return to sport criteria 9 months after 
anterior cruciate ligament reconstruction: a prospective 
longitudinal study. Knee Surg Sports Traumatol Arthrosc 
2018;26:3636-44.

27. Cristiani R, Mikkelsen C, Forssblad M, et al. Only one 
patient out of five achieves symmetrical knee function 
6 months after primary anterior cruciate ligament 
reconstruction. Knee Surg Sports Traumatol Arthrosc 
2019;27:3461-70.

28. Herrington L, Ghulam H, Comfort P. Quadriceps 
Strength and Functional Performance After Anterior 
Cruciate Ligament Reconstruction in Professional Soccer 
players at Time of Return to Sport. J Strength Cond Res 
2021;35:769-75.

29. Bodkin S, Goetschius J, Hertel J, et al. Relationships 
of Muscle Function and Subjective Knee Function in 
Patients After ACL Reconstruction. Orthop J Sports Med 
2017;5:2325967117719041.

30. Zwolski C, Schmitt LC, Quatman-Yates C, et al. The 
influence of quadriceps strength asymmetry on patient-
reported function at time of return to sport after anterior 
cruciate ligament reconstruction. Am J Sports Med 
2015;43:2242-9.

31. Culvenor AG, Patterson BE, Guermazi A, et al. 
Accelerated Return to Sport After Anterior Cruciate 
Ligament Reconstruction and Early Knee Osteoarthritis 
Features at 1 Year: An Exploratory Study. PM R 
2018;10:349-56.

32. Beynnon BD, Fleming BC, Johnson RJ, et al. Anterior 
cruciate ligament strain behavior during rehabilitation 
exercises in vivo. Am J Sports Med 1995;23:24-34.

33. Escamilla RF, Macleod TD, Wilk KE, et al. Anterior 
cruciate ligament strain and tensile forces for weight-
bearing and non-weight-bearing exercises: a guide 
to exercise selection. J Orthop Sports Phys Ther 
2012;42:208-20.

34. Englander ZA, Garrett WE, Spritzer CE, et al. In vivo 
attachment site to attachment site length and strain of the 
ACL and its bundles during the full gait cycle measured 
by MRI and high-speed biplanar radiography. J Biomech 
2020;98:109443.

35. Taylor KA, Cutcliffe HC, Queen RM, et al. In vivo 
measurement of ACL length and relative strain during 
walking. J Biomech 2013;46:478-83.

36. Shelburne KB, Pandy MG, Anderson FC, et al. Pattern 
of anterior cruciate ligament force in normal walking. J 
Biomech 2004;37:797-805.

37. Silbernagel KG, Thomeé R, Eriksson BI, et al. Continued 
sports activity, using a pain-monitoring model, during 
rehabilitation in patients with Achilles tendinopathy: 
a randomized controlled study. Am J Sports Med 
2007;35:897-906.

38. Diermeier T, Tisherman R, Hughes J, et al. Quadriceps 
tendon anterior cruciate ligament reconstruction. Knee 
Surg Sports Traumatol Arthrosc 2020;28:2644-56.

39. Silbernagel KG, Crossley KM. A Proposed Return-to-
Sport Program for Patients With Midportion Achilles 
Tendinopathy: Rationale and Implementation. J Orthop 
Sports Phys Ther 2015;45:876-86.

40. Hiemstra LA, Webber S, MacDonald PB, et al. Knee 
strength deficits after hamstring tendon and patellar 
tendon anterior cruciate ligament reconstruction. Med Sci 
Sports Exerc 2000;32:1472-9.

41. Huber R, Viecelli C, Bizzini M, et al. Knee extensor and 
flexor strength before and after anterior cruciate ligament 
reconstruction in a large sample of patients: influence of 
graft type. Phys Sportsmed 2019;47:85-90.

42. Harput G, Kilinc HE, Ozer H, et al. Quadriceps 
and Hamstring Strength Recovery During Early 
Neuromuscular Rehabilitation After ACL Hamstring-
Tendon Autograft Reconstruction. J Sport Rehabil 
2015;24:398-404.

43. Carofino B, Fulkerson J. Medial hamstring tendon 
regeneration following harvest for anterior cruciate 
ligament reconstruction: fact, myth, and clinical 
implication. Arthroscopy 2005;21:1257-65.

44. Ristanis S, Tsepis E, Giotis D, et al. Electromechanical 
delay of the knee flexor muscles is impaired 
after harvesting hamstring tendons for anterior 



Annals of Joint, 2023Page 10 of 12

© Annals of Joint. All rights reserved. Ann Joint 2023;8:26 | https://dx.doi.org/10.21037/aoj-22-51

cruciate ligament reconstruction. Am J Sports Med 
2009;37:2179-86.

45. Choi JY, Ha JK, Kim YW, et al. Relationships among 
tendon regeneration on MRI, flexor strength, and 
functional performance after anterior cruciate ligament 
reconstruction with hamstring autograft. Am J Sports Med 
2012;40:152-62.

46. Snow BJ, Wilcox JJ, Burks RT, et al. Evaluation of muscle 
size and fatty infiltration with MRI nine to eleven years 
following hamstring harvest for ACL reconstruction. J 
Bone Joint Surg Am 2012;94:1274-82.

47. Nomura Y, Kuramochi R, Fukubayashi T. Evaluation of 
hamstring muscle strength and morphology after anterior 
cruciate ligament reconstruction. Scand J Med Sci Sports 
2015;25:301-7.

48. Konrath JM, Vertullo CJ, Kennedy BA, et al. Morphologic 
Characteristics and Strength of the Hamstring Muscles 
Remain Altered at 2 Years After Use of a Hamstring 
Tendon Graft in Anterior Cruciate Ligament 
Reconstruction. Am J Sports Med 2016;44:2589-98.

49. Vertullo CJ, Konrath JM, Kennedy B, et al. Hamstring 
morphology and strength remain altered 2 years following 
a hamstring graft in ACL reconstruction. Orthop J Sports 
Med 2017;5:2325967117S00181.

50. Buckthorpe M, Danelon F, La Rosa G, et al. 
Recommendations for Hamstring Function Recovery After 
ACL Reconstruction. Sports Med 2021;51:607-24.

51. Buckthorpe M, Della Villa F. Optimising the 'Mid-Stage' 
Training and Testing Process After ACL Reconstruction. 
Sports Med 2020;50:657-78.

52. Opar DA, Williams MD, Timmins RG, et al. Eccentric 
hamstring strength and hamstring injury risk in Australian 
footballers. Med Sci Sports Exerc 2015;47:857-65.

53. Tol JL, Hamilton B, Eirale C, et al. At return to play 
following hamstring injury the majority of professional 
football players have residual isokinetic deficits. Br J Sports 
Med 2014;48:1364-9.

54. Wangensteen A, Tol JL, Witvrouw E, et al. Hamstring 
Reinjuries Occur at the Same Location and Early After 
Return to Sport: A Descriptive Study of MRI-Confirmed 
Reinjuries. Am J Sports Med 2016;44:2112-21.

55. Chumanov ES, Schache AG, Heiderscheit BC, et al. 
Hamstrings are most susceptible to injury during the late 
swing phase of sprinting. Br J Sports Med 2012;46:90.

56. Tengman E, Brax Olofsson L, Stensdotter AK, et al. 
Anterior cruciate ligament injury after more than 20 years. 
II. Concentric and eccentric knee muscle strength. Scand J 
Med Sci Sports 2014;24:e501-509.

57. Timmins RG, Bourne MN, Shield AJ, et al. Biceps 
Femoris Architecture and Strength in Athletes with a 
Previous Anterior Cruciate Ligament Reconstruction. 
Med Sci Sports Exerc 2016;48:337-45.

58. Messer DJ, Shield AJ, Williams MD, et al. Hamstring 
muscle activation and morphology are significantly altered 
1-6 years after anterior cruciate ligament reconstruction 
with semitendinosus graft. Knee Surg Sports Traumatol 
Arthrosc 2020;28:733-41.

59. Pain MT, Forrester SE. Predicting maximum eccentric 
strength from surface EMG measurements. J Biomech 
2009;42:1598-603.

60. Fyfe JJ, Opar DA, Williams MD, et al. The role of 
neuromuscular inhibition in hamstring strain injury 
recurrence. J Electromyogr Kinesiol 2013;23:523-30.

61. Askling C, Karlsson J, Thorstensson A. Hamstring injury 
occurrence in elite soccer players after preseason strength 
training with eccentric overload. Scand J Med Sci Sports 
2003;13:244-50.

62. Iga J, Fruer CS, Deighan M, et al. 'Nordic' hamstrings 
exercise - engagement characteristics and training 
responses. Int J Sports Med 2012;33:1000-4.

63. Mjølsnes R, Arnason A, Østhagen T, et al. A 10-week 
randomized trial comparing eccentric vs. concentric 
hamstring strength training in well-trained soccer players. 
Scand J Med Sci Sports 2004;14:311-7.

64. Bourne MN, Bruder AM, Mentiplay BF, et al. Eccentric 
knee flexor weakness in elite female footballers 1-10 years 
following anterior cruciate ligament reconstruction. Phys 
Ther Sport 2019;37:144-9.

65. Irie K, Tomatsu T. Atrophy of semitzendinosus and gracilis 
and flexor mechanism function after hamstring tendon 
harvest for anterior cruciate ligament reconstruction. 
Orthopedics 2002;25:491-5.

66. Williams GN, Snyder-Mackler L, Barrance PJ, et al. 
Muscle and tendon morphology after reconstruction of the 
anterior cruciate ligament with autologous semitendinosus-
gracilis graft. J Bone Joint Surg Am 2004;86:1936-46.

67. Lynn SK, Costigan PA. Changes in the medial-lateral 
hamstring activation ratio with foot rotation during lower 
limb exercise. J Electromyogr Kinesiol 2009;19:e197-205.

68. Greenberg EM, Greenberg ET, Albaugh J, et al. 
Rehabilitation Practice Patterns Following Anterior 
Cruciate Ligament Reconstruction: A Survey of Physical 
Therapists. J Orthop Sports Phys Ther 2018;48:801-11.

69. Cristiani R, Mikkelsen C, Wange P, et al. Autograft type 
affects muscle strength and hop performance after ACL 
reconstruction. A randomised controlled trial comparing 



Annals of Joint, 2023 Page 11 of 12

© Annals of Joint. All rights reserved. Ann Joint 2023;8:26 | https://dx.doi.org/10.21037/aoj-22-51

patellar tendon and hamstring tendon autografts with 
standard or accelerated rehabilitation. Knee Surg Sports 
Traumatol Arthrosc 2021;29:3025-36.

70. Lesevic M, Kew ME, Bodkin SG, et al. The Affect of 
Patient Sex and Graft Type on Postoperative Functional 
Outcomes After Primary ACL Reconstruction. Orthop J 
Sports Med 2020;8:2325967120926052.

71. Hart LM, Izri E, King E, et al. Angle-specific analysis 
of knee strength deficits after ACL reconstruction with 
patellar and hamstring tendon autografts. Scand J Med Sci 
Sports 2022;32:1781-90.

72. Schwery NA, Kiely MT, Larson CM, et al. Quadriceps 
Strength following Anterior Cruciate Ligament 
Reconstruction: Normative Values based on Sex, Graft 
Type and Meniscal Status at 3, 6 & 9 Months. Int J Sports 
Phys Ther 2022;17:434-44.

73. Hunnicutt JL, Gregory CM, McLeod MM, et al. 
Quadriceps Recovery After Anterior Cruciate Ligament 
Reconstruction With Quadriceps Tendon Versus 
Patellar Tendon Autografts. Orthop J Sports Med 
2019;7:2325967119839786.

74. Weaver A, Ness BM, Roman DP, et al. Short-term 
isokinetic and isometric strength outcomes after anterior 
cruciate ligament reconstruction in adolescents. Phys Ther 
Sport 2022;53:75-83.

75. Maestroni L, Read P, Turner A, et al. Strength, rate of 
force development, power and reactive strength in adult 
male athletic populations post anterior cruciate ligament 
reconstruction - A systematic review and meta-analysis. 
Phys Ther Sport 2021;47:91-104.

76. Sueyoshi T, Nakahata A, Emoto G, et al. Single-Leg Hop 
Test Performance and Isokinetic Knee Strength After 
Anterior Cruciate Ligament Reconstruction in Athletes. 
Orthop J Sports Med 2017;5:2325967117739811.

77. Roach MH, Aderman MJ, Gee SM, et al. Influence 
of Graft Type on Lower Extremity Functional Test 
Performance and Failure Rate After Anterior Cruciate 
Ligament Reconstruction. Sports Health 2023;15:606-14. 

78. Webster KE, Feller JA. Who Passes Return-to-
Sport Tests, and Which Tests Are Most Strongly 
Associated With Return to Play After Anterior Cruciate 
Ligament Reconstruction? Orthop J Sports Med 
2020;8:2325967120969425.

79. Gokeler A, Welling W, Benjaminse A, et al. A critical 
analysis of limb symmetry indices of hop tests in 
athletes after anterior cruciate ligament reconstruction: 
A case control study. Orthop Traumatol Surg Res 
2017;103:947-51.

80. Beischer S, Gustavsson L, Senorski EH, et al. Young 
Athletes Who Return to Sport Before 9 Months After 
Anterior Cruciate Ligament Reconstruction Have a Rate 
of New Injury 7 Times That of Those Who Delay Return. 
J Orthop Sports Phys Ther 2020;50:83-90.

81. Greenberg EM, Greenberg ET, Albaugh J, et al. Anterior 
Cruciate Ligament Reconstruction Rehabilitation Clinical 
Practice Patterns: A Survey of the PRiSM Society. Orthop 
J Sports Med 2019;7:2325967119839041.

82. Glattke KE, Tummala SV, Goldberg B, et al. There Is 
Substantial Variation in Rehabilitation Protocols Following 
Anterior Cruciate Ligament Reconstruction: A Survey 
of 46 American Orthopaedic Surgeons. Arthroscopy 
2023;39:578-589.e20.

83. Betsch M, Darwich A, Chang J, et al. Wide Variability 
in Return-to-Sport Criteria used by Team Physicians 
After Anterior Cruciate Ligament Reconstruction in 
Elite Athletes-A Qualitative Study. Arthrosc Sports Med 
Rehabil 2022;4:e1759-66.

84. Toole AR, Ithurburn MP, Rauh MJ, et al. Young Athletes 
Cleared for Sports Participation After Anterior Cruciate 
Ligament Reconstruction: How Many Actually Meet 
Recommended Return-to-Sport Criterion Cutoffs? J 
Orthop Sports Phys Ther 2017;47:825-33.

85. Etzel CM, Nadeem M, Gao B, et al. Graft Choice for 
Anterior Cruciate Ligament Reconstruction in Women 
Aged 25 Years and Younger: A Systematic Review. Sports 
Health 2022;14:829-41.

86. Paterno MV, Rauh MJ, Schmitt LC, et al. Incidence 
of Second ACL Injuries 2 Years After Primary ACL 
Reconstruction and Return to Sport. Am J Sports Med 
2014;42:1567-73.

87. Barber-Westin S, Noyes FR. One in 5 Athletes Sustain 
Reinjury Upon Return to High-Risk Sports After ACL 
Reconstruction: A Systematic Review in 1239 Athletes 
Younger Than 20 Years. Sports Health 2020;12:587-97.

88. Maletis GB, Inacio MC, Funahashi TT. Risk factors 
associated with revision and contralateral anterior cruciate 
ligament reconstructions in the Kaiser Permanente ACLR 
registry. Am J Sports Med 2015;43:641-7.

89. Runer A, Csapo R, Hepperger C, et al. 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;48:2195-204.

90. Samuelsen BT, Webster KE, Johnson NR, et al. 
Hamstring Autograft versus Patellar Tendon Autograft 



Annals of Joint, 2023Page 12 of 12

© Annals of Joint. All rights reserved. Ann Joint 2023;8:26 | https://dx.doi.org/10.21037/aoj-22-51

for ACL Reconstruction: Is There a Difference in Graft 
Failure Rate? A Meta-analysis of 47,613 Patients. Clin 
Orthop Relat Res 2017;475:2459-68.

91. Keays SL, Newcombe PA, Bullock-Saxton JE, et al. 
The development of long-term osteoarthritis following 
anterior cruciate ligament injury: reconstruction 
vs no reconstruction. Arch Orthop Trauma Surg 
2023;143:3201-11.

92. Holm I, Oiestad BE, Risberg MA, et al. 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;38:448-54.

93. Barenius B, Ponzer S, Shalabi A, et al. Increased 
risk of osteoarthritis after anterior cruciate ligament 
reconstruction: a 14-year follow-up study of a randomized 
controlled trial. Am J Sports Med 2014;42:1049-57.

94. Hui C, Salmon LJ, Kok A, et al. Fifteen-year outcome of 
endoscopic anterior cruciate ligament reconstruction with 
patellar tendon autograft for "isolated" anterior cruciate 
ligament tear. Am J Sports Med 2011;39:89-98.

95. Marques FDS, Barbosa PHB, Alves PR, et al. 
Anterior Knee Pain After Anterior Cruciate 
Ligament Reconstruction. Orthop J Sports Med 
2020;8:2325967120961082.

96. Gobbi A, Mahajan S, Zanazzo M, et al. Patellar tendon 
versus quadrupled bone-semitendinosus anterior cruciate 
ligament reconstruction: a prospective clinical investigation 
in athletes. Arthroscopy 2003;19:592-601.

97. Spindler KP, Kuhn JE, Freedman KB, et al. Anterior 
cruciate ligament reconstruction autograft choice: bone-
tendon-bone versus hamstring: does it really matter? A 
systematic review. Am J Sports Med 2004;32:1986-95.

98. Magnussen RA, Carey JL, Spindler KP. Does autograft 
choice determine intermediate-term outcome of ACL 
reconstruction? Knee Surg Sports Traumatol Arthrosc 
2011;19:462-72.

99. Hewett TE, Myer GD, Ford KR. Anterior cruciate 
ligament injuries in female athletes: Part 1, mechanisms 
and risk factors. Am J Sports Med 2006;34:299-311.

100. Zech A, Hollander K, Junge A, et al. Sex differences 
in injury rates in team-sport athletes: A systematic 
review and meta-regression analysis. J Sport Health Sci 
2022;11:104-14.

101. Prodromos CC, Han Y, Rogowski J, et al. A meta-analysis 
of the incidence of anterior cruciate ligament tears as a 
function of gender, sport, and a knee injury-reduction 
regimen. Arthroscopy 2007;23:1320-1325.e6.

102. Renstrom P, Ljungqvist A, Arendt E, et al. Non-contact 
ACL injuries in female athletes: an International Olympic 
Committee current concepts statement. Br J Sports Med 
2008;42:394-412.

103. Ageberg E, Forssblad M, Herbertsson P, et al. Sex 
differences in patient-reported outcomes after anterior 
cruciate ligament reconstruction: data from the Swedish 
knee ligament register. Am J Sports Med 2010;38:1334-42.

104. Arundale AJH, Capin JJ, Zarzycki R, et al. Functional and 
Patient-Reported Outcomes Improve Over the Course 
of Rehabilitation: A Secondary Analysis of the ACL-
SPORTS Trial. Sports Health 2018;10:441-52.

105. Kuenze C, Lisee C, Birchmeier T, et al. Sex differences 
in quadriceps rate of torque development within 1 year of 
ACL reconstruction. Phys Ther Sport 2019;38:36-43.

106. Kuenze C, Pietrosimone B, Lisee C, et al. Demographic 
and surgical factors affect quadriceps strength after ACL 
reconstruction. Knee Surg Sports Traumatol Arthrosc 
2019;27:921-30.

doi: 10.21037/aoj-22-51
Cite this article as: Leung A, DeSandis B, O’Brien L, 
Hammoud S, Zarzycki R. Postoperative considerations based 
on graft type after anterior cruciate ligament reconstruction a 
narrative review. Ann Joint 2023;8:26.


	Postoperative Considerations Based on Graft Type After Anterior Cruciate Ligament Reconstruction a Narrative Review
	Let us know how access to this document benefits you

	tmp.1693425097.pdf.3Dzjq

