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Previous Knee Surgery, Anteromedial Portal Drilling,
Quadriceps Tendon Autograft, and Meniscal

Involvement Associated With Delayed Return to
Sport After Anterior Cruciate Ligament
Reconstruction in Amateur Athletes
Mark A. Glover, B.S., Jeffery D. St. Jeor, M.D., Nihir Parikh, B.S., Danielle E. Rider, M.D.,
Garrett S. Bullock, D.P.T., D.Phil., Nicholas A. Trasolini, M.D., and Brian R. Waterman, M.D.
Purpose: To identify prognostic factors associated with a delayed return-to-sport (RTS) time in amateur athletes who
return to full participation after a primary isolated anterior cruciate ligament (ACL) reconstruction. Methods: A retro-
spective review was performed among athletes who underwent ACL reconstruction between October 2014 and October
2021. Inclusion criteria were any amateur athletes with an ACL reconstruction who had a documented RTS and greater
than 1-year follow-up. Nonathletes, those with multiligamentous knee injury, and those missing documented RTS
timelines were excluded. RTS was defined as participation in athletics at a level equivalent to or greater than the preinjury
level participation. Demographic and prognostic factors, including previous knee surgery, meniscal involvement, level of
participation, surgical approach, and graft type, were recorded along with RTS time and analyzed via Poisson regression.
Results: In total, 91 athletes, average age 18.8 (� 6.7) years, who underwent ACL reconstruction at a single institution
from 2014 to 2021 were identified with an average follow-up time of 4.6 (� 2.5) years (range 1.1, 9.0). Meniscal
involvement (1.11; 95% confidence interval [CI] 1.08-1.15, P < .001) and previous knee surgery (1.43; 95% CI 1.29-1.58;
P < .001) were related to a delayed RTS. Quadriceps tendon and boneepatellar tendonebone autografts, as well as
allograft, showed a significant association with a longer RTS time when compared with hamstring autograft (1.16, 95% CI
1.13-1.20, P < .001; 1.04, 95% CI 1.01-1.07, P ¼ .020; 1.11, 95% CI 1.03-1.19, P ¼ .004, respectively), as did ante-
romedial portal drilling, when compared with the outside in approach for femoral drilling (1.19, 95% CI 1.16-1.23, P <
.001). Conclusions: Previous knee surgery, anteromedial femoral drilling, quadriceps tendon autograft, and meniscus
tear were most associated with a delayed timeline for RTS among young athletes who were able to return. Level of
Evidence: Level IV, prognostic case series.
nterior cruciate ligament (ACL) injury is one of
Athe most commonly studied injuries in ortho-
paedics, with an annual incidence of 0.15% to 3.67% in
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male athletes.1-6 After these injuries, athletes who un-
dergo surgery have to balance minimizing secondary
reinjury with confidence in their return to sport (RTS).7

In general, RTS is characterized by full and unrestricted
participation equal to the preinjury level of the sport;
however, there is variation in the criteria used after
ACL reconstruction.8-10 Similarly, there is variability
among the time to RTS, generally ranging from 9 to 12
months.8,11

Despite the range at which athletes return and the
variability of criteria, RTS is critical, as it serves as one of
the final benchmarks for athletes as a successful
outcome after ACL reconstruction. Depending on the
sport and level of participation, the RTS rate in athletes
is between 48% and 87%.12-14 Given the importance
placed on RTS by athletes, factors affecting their ability
and time to RTS are necessary to characterize as part of
tion, Vol 6, No 3 (June), 2024: 100911 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asmr.2024.100911&domain=pdf
mailto:GloverMarka@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.asmr.2024.100911


Fig 1. Patient cohort selection for patients with anterior cruciate ligament (ACL) reconstruction enrolled in this study consistent
with the STROBE guidelines. (STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.)
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the shared decision-making process for concerns such
as graft choice, risk of reinjury, and athletic goals.
Although the preoperative, surgical, and post-

operative management of ACL injuries has evolved, the
characteristics factors that are associated with athletes’
abilities to achieve a RTS have remained a topic of
uncertainty.15,16 Despite evidence showing that factors
like physical therapy and type of sport affect both the
ability and time to RTS, other variables such as surgical
approach, graft type, or concomitant injuries are not
well characterized in the current literature.1,17-19 The
purpose of this study was to identify prognostic factors
associated with a delayed RTS time in amateur athletes
who return to full participation after a primary isolated
ACL reconstruction. It was hypothesized that meniscal
involvement and previous knee surgery would predict a
prolonged RTS time for amateur athletes, with no sig-
nificant difference between graft choice or level of
participation.

Methods

Study Design
After institutional review board approval, a retro-

spective review of consecutive prospectively collected
data was conducted for patients who underwent pri-
mary ACL reconstruction at a single institution from
October 2014 to October 2021. Inclusion criteria
required that patients were amateur athletes in an
organized sport who underwent primary ACL recon-
struction with greater than 1-year follow-up and a
documented RTS time. Patients were excluded if they
had concomitant ligamentous injuries that would
dictate their expected physical therapy progression,
such as a multiligament knee injury. Patients also were
excluded from the study if they did not have a docu-
mented RTS time, as characterization of only those
patients with RTS times were the focus of this study
(Fig 1). Given previous studies that focus on deter-
mining prognostic indicators for RTS times after knee
and lower-extremity injuries via regression models, the
goal sample size for this cohort was >90 patients.20-22

All operations were conducted at a single institution
by 1 of 3 sports medicine fellowship-trained orthopaedic
surgeons (N.A.T., B.R.W.) via arthroscopic ACL recon-
struction. Indications for surgery were ACL insufficiency
with a high-grade or full-thickness tear of the ACL.
There were 2 approaches used in this study. Tunnels
were drilled using either an outside-in drilling technique
via retrograde reamers or independent anteromedial
drilling for femoral socket.23,24 ACL grafts included
quadriceps autograft, boneepatellar tendonebone
(BPTB) autograft, hamstring autograft, or allograft.
Data collection was done via manual assembly

(M.A.G., N.P., D.E.R., J.D.S.) from the electronic med-
ical record collected with a minimum 1-year follow-up



Table 1. Demographic Data for Patients (n ¼ 91) in This
Cohort

Variable, Average � SE Measure

Patients N ¼ 91
BMI 24.8 � 0.55
Follow-up, yr 4.6 � 0.20
Age, yr 18.8 � 0.70
Return to play, mo 8.9 � 0.28

Reported gender n (%)
Male 52 (57)
Female 39 (43)

Reported race n (%)
White 60 (66)
Black 20 (22)
Hispanic or Latino 7 (8)
Other 4 (4)

Surgeon n (%)
1 52 (57)
2 25 (28)
3 14 (15)

Approach n (%)
Outside-in 57 (63)
Anteromedial portal drilling 31 (34)
Unspecified 3 (3)

Graft type n (%)
Hamstring autograft 48 (53)
Patellar tendon autograft 23 (25)
Quadriceps tendon autograft 17 (19)
Allograft 3 (3)

Level of participation n (%)
Middle school 11 (12)
High school 49 (54)
Collegiate 14 (15)
Recreational 17 (19)

BMI, body mass index; SE, standard error.
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postoperatively. This was in line with Strengthening the
Reporting of Observational Studies in Epidemiology
guidelines (Fig 1).25 Postoperative visits were standard
at 2 weeks, 6 weeks, 3 months, and 6 months with a
final clinic visit for RTS clearance. Demographic char-
acteristics collected included race, gender, body mass
index (BMI), and RTS time. Other data collected
included sport, level of participation, previous knee
injury, necessary ipsilateral revisions, meniscal
involvement, and graft type.
Patients followed a standardized postoperative reha-

bilitation protocol (Appendix Fig 1, available at www.
arthroscopyjournal.org), with minor variation in
timing for meniscal involvement, and underwent RTS
testing before being cleared for full activity via Func-
tional Testing Protocol (Appendix Fig 2, available at
www.arthroscopyjournal.org). Although there is some
variation in the definition of RTS after ACL recon-
struction in the literature, for this study, RTS was
defined as the athlete’s ability to participate in athletics
at the level equivalent to or greater than the preinjury
level.8-10 This is consistent with the consensus state-
ment on RTS by the World Congress in Sports Physical
Therapy.8 To test for RTS ability before participation, all
patients were expected to reach a 90% limb symmetry
value (or <10% deficit) criterion in the Functional
Testing Protocol, such that the athlete may not meet
minor subsets of the test within the 90% rule but may
still be cleared based on the overall performance
showing a deficit less than 10% (Appendix Fig 2). Once
achieved, the athlete was cleared to RTS and upon
completion or first day of full participation, whichever
was documented first, was considered the athlete’s RTS
time.

Prognostic Factors
Factors to be analyzed for possible prognostic associ-

ations with RTS in patients included both those related
to demographics and those related to ACL injury. Age
in years, gender, BMI, presence of any previous ipsi-
lateral knee surgery other than that of the ACL, and
competition level (middle school, high school, college,
or recreational athletes) were demographic prognostic
factors. Potential prognostic factors relating to the
injury included meniscal involvement (defined by
radiographical or arthroscopic evidence of meniscal
tear), operative technique, and ACL graft type. Other
factors collected, but not analyzed for possible prog-
nostic effects, included surgeon and race.

Statistical Analyses
Before analyses missing data were analyzed. Missing

data prevalence was minimal, with a mechanism of
missing at random (Appendix Fig 3, available at www.
arthroscopyjournal.org). Complete case analyses were
performed.
Continuous variables were calculated and reported as
mean � standard deviation and count variables as
count (%). Reinjury rates were calculated per 1,000
athlete exposure days. Reinjury prevalence with 95%
confidence intervals (95% CIs) was calculated using the
Clopper-Pearson method.
To assess potential prognostic factors for days to

RTS, a series of Poisson regressions were performed
for nominal prognostic factors. All analyses included
an offset of days from injury to surgery. For contin-
uous prognostic factors, log-transformed linear re-
gressions were performed. Log-transformed
regressions are interpreted as percent change. All
potential prognostic factors were univariably assessed
due to the potential for collider bias, and in alignment
with recommendations by Altman and Lyman26 for
initial prognostic factor analyses. Although there is
anecdotally wide variation in amateur sports season,
ranging from 2 to 4 months, clinically significant
delay to RTS was deemed to be approximately half
the length of an amateur sports season, or >1.5
months delay. All analyses were performed in R Core
Team (2021) (R: A language and environment for

http://www.arthroscopyjournal.org
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Table 2. Estimate of the Percent Change in Return-to-Sport
Times and 95% CIs for Variables Analyzed Via Poisson
Regression

Variable Estimate 95% CI P Value

Gender (male) 0.99 0.96-1.01 .329
Previous knee surgery 1.43 1.29-1.58 <.001
Meniscus tear 1.11 1.08-1.15 <.001
Technique (anteromedial

portal drilling)
1.19 1.16-1.23 <.001

Graft type (% change
related to hamstring
autograft)

Quadriceps tendon 1.16 1.13-1.20 <.001
Boneepatella tendon

ebone
1.02 1.00-1.06 .020

Allograft 1.11 1.03-1.19 .004
Competition level

(% change in relation
to high school)

Middle school 1.05 1.01-1.09 .002
College 0.97 0.94-1.00 .489
Recreational 0.90 0.87-0.94 <.001
Continuous variables
Age (% increase) e0.10 e0.36 to 0.07 .189
BMI (% increase) e0.08 e0.40 to 0.24 .620

NOTE. Reinjury rates were calculated per 1,000 athlete exposure
days. Reinjury prevalence with 95% CIs was calculated using the
Clopper Pearson method. Age in years. Bold P values denote signifi-
cance of <.05.
BMI, body mass index; CI, confidence interval; RTS, return to sport.

Table 3. Demographic Data of Patients With Revision
Required and Those With No Required Revision

Variable,
Average � SE

Revision
Required
(n ¼ 16)

No Revision
(n ¼ 75) P Value

Age, yr 16.3 � 0.50 19.4 � 0.83 .002
Gender, male/
female

8/8 44/31 .585

BMI 23.9 � 1.3 24.9 � 0.60 .489
RTS time, mo 9.1 � 0.65 8.9 � 0.32 .755
Months to
reinjury

20.8 � 3.3 e e

Months to
revision

23.0 � 3.7 e e

Graft type n (%) n (%)
Hamstring
autograft

8 (50) 40 (53) .102

Quadriceps
autograft

3 (19) 14 (19)

Boneepatellar
tendonebone
autograft

5 (31) 18 (24)

Allograft 0 (0) 3 (4)
Drilling
technique

n (%) n (%)

Outside-in 11 (69) 46 (61) .064
Anteromedial
portal drilling

5 (31) 26 (35)

Unspecified 0 (0) 3 (4)

NOTE. The Welch test was used to compare means and Fisher exact
test or c2 tests were used for categorical data. Bold P values denote
significance of <.05.
BMI, body mass index; RTS, return to sport; SE, standard error.
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statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-
project.org/). The naniar package was used for
missing data analyses, the dyplr package for cleaning
and coding, and the glm function for analyses.

Results

Demographics
Of the 91 patients in this cohort, the average age

was 18.8 (� 0.70) years, with an average follow-up
time of 4.6 (� 0.20, range 1.08-9.02) years
(Table 1). Most athletes were at the high school level
(54%) and underwent ACL reconstruction with a
hamstring autograft (53%) via an all-inside approach
(63%) at an average of 86 days to undergo surgery
after their injury (Table 1). The BMI for this cohort
was 24.8 (� 0.55). Postoperatively, a mean RTS time
of 8.9 (� 2.8, range 5.22-16.7) months was
identified.

Graft Type and Operative Approach
Relative to hamstring autografts, quadriceps tendon

and BPTB autografts, as well as the use of an allograft,
showed a significantly longer timeline for RTS (1.16,
95% CI 1.13-1.20, P < .001; 1.02, 95% CI 1.00-
1.06, P ¼ .020, 1.11, 95% CI 1.03-1.19, P ¼ .004,
respectively) (Table 2). Anteromedial portal drilling,
when compared with the outside-in approach for
femoral drilling, showed a significant increase in the
RTS time by approximately 19% (1.5 months) (1.19,
95% CI 1.16-1.23, P < .001).

Competition Level
The level of competition was compared with the

mode, high school athletes, as the standard for this
prognostic factor. No significant difference was identi-
fied for college-level athletes (0.97, 95% CI 0.94-1.00,
P ¼ .489). However, recreational athletes returned
sooner than high school athletes, with a 10% (about 26
days) reduction (0.90, 95% CI 0.87-0.94, P < .001) and
middle school athletes returned slightly later (1.05,
95% CI 1.01-1.09, P ¼ .002).

Other Prognostic Variables
Previous knee surgery was associated with delayed

RTS at a 43% (about 3.8 months) increase in RTS time
(1.43, 95% CI 1.29-1.58, P < .001). Male and female
athletes showed no significant differences in the RTS
timeline (0.99, 95% CI 0.96-1.01, P ¼ .329). The
presence of concomitant meniscal tears, irrespective of
treatment, was associated with a delayed RTS (1.11,
95% CI 1.08-1.15, P < .001). Further, no significant
association was identified between BMI or age and
RTS.

https://www.R-project.org/
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Second Injury Epidemiologic Results
Of the 91 patients included in this study, 16 patients

(17.6%) required a second ACL reconstruction as the
result of ACL graft disruption (Table 3, Appendix Fig 4,
available at www.arthroscopyjournal.org). The average
age of those requiring a revision was 16.3 (� 2.0) years
with a mean RTS time of 9.1 (� 2.6) months, in com-
parison with the nonrevision subgroup with an average
age of 19.4 (� 0.83) years and ameanRTS of 8.9 (� 0.32)
months (P ¼ .002, P ¼ .755, respectively) (Table 3).

Discussion
This study demonstrates that previous knee surgery

and anteromedial portal drilling are most strongly
associated with delayed RTS times after ACL recon-
struction, with >1.5 months delay in athlete’s return.
Other factors that may contribute to a delayed RTS
were meniscal involvement, quadriceps tendon, and
BPTB autografts, as well as allograft for ACL recon-
struction. There was no association between gender,
age, or BMI and RTS for this cohort.
Consistent with the hypothesis, previous ipsilateral

knee surgery was associated with a prolonged RTS time
of almost 4 months, the longest delay for prognostic
factors in this study. This finding is likely multifactorial,
considering the wide range of factors that may impact
the need for previous surgery. These include an
increased proclivity for injury after the primary event,
alterations in native biomechanics that increase the risk
of future injury, such as pre-existing conditions like
hypermobility syndromes, or psychological factors
limiting current RTS progression.27,28 Although not a
clinically meaningful difference in the context of this
study, amateur athletes with concomitant meniscal
tears were delayed to return by approximately 1
month. This association is expected, particularly for
those treated with partial menisectomy, who portend
worse outcomes in terms of function and pain of the
lateral aspect of the knee.29,30

The second factor most associated with a delayed RTS
was anteromedial portal drilling, with over a month
and a half delay compared with those who underwent
an outside-in approach. This may be the result of
intraoperative factors or individual variability in relative
femoral tunnel position. Femoral tunnel placement and
preparation are critical, and overall ACL function may
be affected by the following: socket aperture, depth,
and position (e.g., anatomic single bundle, ante-
romedial footprint, isometric position); graft bending
angle; graft-tunnel interface for healing; performance
of a notchplasty; and/or method of fixation. Although
these variables were not specifically analyzed, any
tunnel compromise during surgery may prolong RTS
for the aforementioned reasons.30-32 Although most
surgeons in this study use independent anteromedial
tunnels routinely for all graft types, there is still subtle
variability among tunnel placement and technique
across surgeons. Therefore, further research on the
reconstruction approach with a more heterogeneous
sample regarding graft choice for ACL reconstruction is
necessary to analyze these subtleties and their associa-
tions with RTS.
Graft choice was another prognostic factor associated

with a delayed RTS. Specifically, BPTB and quadriceps
tendon autografts, along with allograft, correlated with
delayed RTS in comparison with hamstring autograft.
However, the average times delayed based upon graft
choice in this cohort were not greater than 1.5 months.
Still, these associations are an extension to current
literature suggesting that patients who receive BPTB
and quadriceps tendon autografts are slower to progress
through rehabilitation milestones, despite comparable
biomechanical properties to hamstring autograft.33,34

Further analysis is required improve certainty on the
impact that graft choice has on RTS time for patients
after ACL reconstruction, especially given that the as-
sociations in this cohort did not appear to be clinically
meaningful.
Although recreational athletes return sooner and

middle school athletes return later than high school
athletes in this cohort, the findings were not clinically
significant. These associations may exist due to several
factors, such as variation in rigorous physical demand
within the seasons, the amount of training required to
participate, or the variable number of events/games
necessary to play. Further, collegiate athletes, although
more developed than their high school counterparts,
showed no significant difference in their RTS timeline.
Collegiate athletes likely deal with the rigors of a
greater level of play and elevated concern of reinjury
that keep their RTS times consistent with those in high
school athletics.35

Other factors that were not associated with delayed
RTS included gender, BMI, and age. Previous research
suggests that there are evidence-based differences in
female and male landing mechanics, quadriceps-to-
hamstring activation ratios, rotational malalignment,
as well as aberrant muscle activation patterns during
exercise at baseline and after ACL reconstruction.36-40

Despite these biomechanical factors that may play a
role in RTS, a delay was not identified for females in
this study. Further research is necessary to determine
whether gender differences should affect variations in
rehabilitation and RTS testing between male and female
athletes. Other factors have been associated with RTS
not included in this study. Although much of the
literature focuses on psychological readiness factors,
such as self-reported symptoms and function, other
factors include the ability to complete RTS testing or an
elite level of competition.41-44 Thus, acknowledging
that there are factors not assessed in the current study
helps to contextualize these results.

http://www.arthroscopyjournal.org
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The prevalence of athletes from this cohort who
required revision surgery was consistent with previ-
ously established revision rates of approximately 15%
to 25%.3,27 Those who underwent a revision did not
RTS, on average, faster than those without a required
revision. The injury mechanism was variable, ranging
from intraseason injuries to chronic pain during activ-
ities of daily living. To combat reinjury rates, focus
should be placed on objective measures for RTS rather
than time-based protocols, especially considering a
51% decrease in the risk of injury for every month of
delayed RTS that may otherwise be missed in a time-
based rehabilitation plan.45,46 Examples of objective
measures include the RTS functional testing that was
used in this study before clearance such that strength
and function, measured by exercises such as single-leg
press or Y-balance, compares the injury knee to the
contralateral knee as a benchmark for recovery
(Appendix Fig 2). This approach allows for athlete-
specific rehabilitation and avoids the constraints of
time-based RTS clearance. Further considerations
include the use of functional bracing after ACL re-
constructions. Functional bracing has been shown to
reduce the rates of graft retear in the pediatric popu-
lation, improve knee kinematics, protect the ACL graft
during exercise, and may aid athletes in confidence to
RTS.46,47 However, some literature suggests that there
is no significant difference in RTS times, pain, range of
motion, or re-injury with bracing.48,49 As such, athletes
should be treated on an individualized basis, with
functional bracing serving as an adjunct to objective
rehabilitation and functional testing to RTS in the right
athlete.

Limitations
There are some limitations with this study. First, for

this cohort, greater than half of the average amateur
sports season (about 1.5 months) was determined to be
clinically significant. However, what delineates a clini-
cally significant difference in RTS time and if this dif-
ference should be appropriately accounted for in
rehabilitation and RTS protocols requires further
research. Second, given the range of RTS times, some
athletes may have followed return-to-play protocol
early in their rehabilitation course yet returned to full
participation on their own before full clearance. Despite
this issue, a documented clearance for full participation
was the most consistent and objective means of calcu-
lating an athlete’s RTS time. Third, independent ante-
romedial tunnels were generally used for BPTB,
whereas an all-inside approach was mainly used in
quadriceps and hamstring tendon autografts. These are
not mutually exclusive but follow the trend of sur-
geons’ preference at the institution. Although this
tendency may introduce a confounding variable in this
study, each prognostic factor was analyzed
independently to avoid collider bias. In addition, there
is concern for the small sample size of patients who
underwent an anteromedial portal drilling approach.
Due to this concern, it may be difficult to make defin-
itive statements about the results of the surgical
approach’s association with delayed RTS. Next,
although missing data was minimal (Appendix Fig 3), it
was present in this study, which may bias the results.
Lastly, the sample size was based upon previous studies
following regression models to predict return to play
after lower-extremity injuries. As such, there were no a
priori power analyses, so the study may be under-
powered and at risk for a type II error.

Conclusions
Previous knee surgery, anteromedial femoral drilling,

quadriceps tendon autograft, and meniscus tear were
most associated with a delayed timeline for RTS among
young athletes who were able to return.

Disclosures
The authors report the following potential conflicts of

interest or sources of funding: B.R.W. reports publish-
ing royalties from Arthroscopy and Elsevier; consulting
fees from DePuy and FH Ortho; paid presenter for
Arthrex and Vericel; stock or stock options from Kaliber
AI, Sparta, and Vivorte; and other financial or material
support from the Musculoskeletal Transplant Founda-
tion and Smith & Nephew, outside the submitted work;
board member of American Academy of Orthopaedic
Surgeons, American Orthopaedic Society for Sports
Medicine, American Shoulder and Elbow Surgeons,
Arthroscopy, and AANA; and editorial or governing
board for Video Journal of Sports Medicine. All other
authors (M.A.G., J.D.S., N.P., D.E.R., G.S.B., N.A.T.)
declare that they have no known competing financial
interests or personal relationships that could have
appeared to influence the work reported in this paper.
Full ICMJE author disclosure forms are available for
this article online, as supplementary material.

References
1. Flagg KY, Karavatas SG, Thompson S Jr, Bennett C.

Current criteria for return to play after anterior cruciate
ligament reconstruction: An evidence-based literature
review. Ann Transl Med 2019;7:S252 (suppl 7).

2. Poesen R, Meijers B, Evenepoel P. The colon: An over-
looked site for therapeutics in dialysis patients. Semin Dial
2013;26:323-332.

3. Herzog MM, Marshall SW, Lund JL, Pate V, Mack CD,
Spang JT. Incidence of anterior cruciate ligament recon-
struction among adolescent females in the United States,
2002 through 2014. JAMA Pediatr 2017;171:808-810.

4. Herzog MM, Marshall SW, Lund JL, Pate V, Mack CD,
Spang JT. Trends in incidence of ACL reconstruction and
concomitant procedures among commercially insured

http://refhub.elsevier.com/S2666-061X(24)00029-4/sref1
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref1
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref1
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref1
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref2
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref2
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref2
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref3
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref3
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref3
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref3
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref4
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref4
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref4


DELAYED RETURN TO SPORT IN ACL RECONSTRUCTION 7
individuals in the United States, 2002-2014. Sports Health
2018;10:523-531.

5. Sanders TL, Maradit Kremers H, Bryan AJ, et al. Incidence
of anterior cruciate ligament tears and reconstruction: A
21-year population-based study. Am J Sports Med 2016;44:
1502-1507.

6. Montalvo AM, Schneider DK, Yut L, et al. “What’s my risk
of sustaining an ACL injury while playing sports?” A
systematic review with meta-analysis. Br J Sports Med
2019;53:1003-1012.

7. Bien DP, Dubuque TJ. Considerations for late stage acl
rehabilitation and return to sport to limit re-injury risk
and maximize athletic performance. Int J Sports Phys Ther
2015;10:256-271.

8. Ardern CL, Glasgow P, Schneiders A, et al. 2016
Consensus statement on return to sport from the First
World Congress in Sports Physical Therapy, Bern. Br J
Sports Med 2016;50:853-864.

9. Brinlee AW, Dickenson SB, Hunter-Giordano A, Snyder-
Mackler L. ACL reconstruction rehabilitation: Clinical
data, biologic healing, and criterion-based milestones to
inform a return-to-sport guideline. Sports Health 2022;14:
770-779.

10. Turk R, Shah S, Chilton M, et al. Return to sport after
anterior cruciate ligament reconstruction requires evalu-
ation of >2 functional tests, psychological readiness,
quadriceps/hamstring strength, and time after surgery of
8 months. Arthroscopy 2023;3:790-801.e6.

11. Harris JD, Abrams GD, Bach BR, et al. Return to sport
after ACL reconstruction. Orthopedics 2014;37:e103-e108.

12. 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;8:2325967120964919.

13. 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;12:587-597.

14. Brzeszczy�nski F, Turnbull K, McLelland C, MacDonald D,
Lawson G, Hamilton D. Functional outcomes and return
to sport following anterior cruciate ligament reconstruc-
tion in recreational athletes: A systematic review. Knee
2022;36:103-113.

15. Gokeler A, Grassi A, Hoogeslag R, et al. Return to sports
after ACL injury 5 years from now: 10 things we must do.
J Exp Orthop 2022;9:73.

16. 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;48:1543-1552.

17. Myklebust G, Bahr R. Return to play guidelines after
anterior cruciate ligament surgery. Br J Sports Med
2005;39:127-131.

18. Ellman MB, Sherman SL, Forsythe B, LaPrade RF,
Cole BJ, Bach BR Jr. Return to play following anterior
cruciate ligament reconstruction. J Am Acad Orthop Surg
2015;23:283-296.

19. Gokeler A, Dingenen B, Hewett TE. Rehabilitation and
return to sport testing after anterior cruciate ligament
reconstruction: Where are we in 2022? Arthrosc Sports Med
Rehabil 2022;4:e77-e82.

20. Jacobsen P, Witvrouw E, Muxart P, Tol JL, Whiteley R.
A combination of initial and follow-up physiotherapist
examination predicts physician-determined time to return
to play after hamstring injury, with no added value of
MRI. Br J Sports Med 2016;50:431-439.

21. Aizawa J, Hirohata K, Ohji S, Ohmi T, Koga H,
Yagishita K. Factors associated with psychological readi-
ness to return to sports with cutting, pivoting, and jump-
landings after primary ACL reconstruction. Orthop J Sports
Med 2020;8:2325967120964484.

22. Zwolski CM, Paterno MV, Magnussen RA, et al. The as-
sociation of physical competence with psychological
response among young athletes at time of return to sport
after ACL reconstruction. Am J Sports Med 2023;51:
2908-2917.

23. Lubowitz JH, Ahmad CS, Anderson K. All-inside anterior
cruciate ligament graft-link technique: Second-
generation, no-incision anterior cruciate ligament recon-
struction. Arthroscopy 2011;27:717-727.

24. Harner CD, Honkamp NJ, Ranawat AS. Anteromedial
portal technique for creating the anterior cruciate liga-
ment femoral tunnel. Arthroscopy 2008;24:113-115.

25. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) State-
ment: Guidelines for reporting observational studies. Int J
Surg 2014;12:1495-1499.

26. Altman DG, Lyman GH. Methodological challenges in the
evaluation of prognostic factors in breast cancer. Breast
Cancer Res Treat 1998;52:289-303.

27. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D,
Webster KE, Myer GD. Risk of secondary injury in
younger athletes after anterior cruciate ligament recon-
struction: A systematic review and meta-analysis. Am J
Sports Med 2016;44:1861-1876.

28. Nwachukwu BU, Adjei J, Rauck RC, et al. How much do
psychological factors affect lack of return to play after
anterior cruciate ligament reconstruction? A systematic
review. Orthop J Sports Med 2019;7:2325967119845313.

29. Bernard CD, Kennedy NI, Tagliero AJ, et al. Medial
meniscus posterior root tear treatment: A matched cohort
comparison of nonoperative management, partial menis-
cectomy, and repair. Am J Sports Med 2020;48:128-132.

30. Roemer FW. Editorial Commentary: Arthroscopic partial
meniscectomy outcomes are worse in patients with
concomitant pathology. Arthroscopy 2022;38:945-947.

31. Glattke KE, Tummala SV, Chhabra A. Anterior cruciate
ligament reconstruction recovery and rehabilitation: A
systematic review. J Bone Joint Surg Am 2022;104:
739-754.

32. Jain G, Datt R, Mahmood A, Nag HL, Sahu A. Ante-
romedial portal reference technique for femoral tunnel
depth measurement during arthroscopic anterior cruciate
ligament reconstruction. Cureus 2021;13:e13147.

33. Smith AH, Capin JJ, Zarzycki R, Snyder-Mackler L. Ath-
letes with bone-patellar tendon-bone autograft for ante-
rior cruciate ligament reconstruction were slower to meet
rehabilitation milestones and return-to-sport criteria than
athletes with hamstring tendon autograft or soft tissue

http://refhub.elsevier.com/S2666-061X(24)00029-4/sref4
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref4
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref5
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref5
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref5
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref5
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref6
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref6
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref6
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref6
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref7
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref7
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref7
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref7
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref8
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref8
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref8
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref8
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref9
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref9
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref9
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref9
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref9
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref10
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref10
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref10
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref10
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref10
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref10
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref11
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref11
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref12
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref12
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref12
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref12
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref13
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref13
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref13
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref13
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref14
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref14
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref14
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref14
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref14
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref14
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref15
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref15
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref15
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref16
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref16
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref16
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref16
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref16
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref16
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref17
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref17
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref17
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref18
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref18
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref18
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref18
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref19
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref19
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref19
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref19
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref20
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref20
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref20
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref20
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref20
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref21
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref21
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref21
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref21
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref21
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref22
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref22
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref22
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref22
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref22
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref23
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref23
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref23
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref23
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref24
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref24
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref24
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref25
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref25
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref25
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref25
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref25
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref26
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref26
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref26
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref27
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref27
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref27
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref27
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref27
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref28
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref28
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref28
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref28
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref29
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref29
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref29
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref29
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref30
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref30
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref30
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref31
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref31
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref31
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref31
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref32
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref32
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref32
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref32
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref33
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref33
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref33
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref33
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref33


8 M. A. GLOVER ET AL.
allograft: Secondary analysis from the ACL-SPORTS trial.
J Orthop Sports Phys Ther 2020;50:259-266.

34. Malige A, Baghdadi S, Hast MW, Schmidt EC, Shea KG,
Ganley TJ. Biomechanical properties of common graft
choices for anterior cruciate ligament reconstruction: A
systematic review. Clin Biomech (Bristol, Avon) 2022;95:
105636.

35. Bale P, Colley E, Mayhew JL, Piper FC, Ware JS.
Anthropometric and somatotype variables related to
strength in American football players. J Sports Med Phys
Fitness 1994;34:383-389.

36. Coats-Thomas MS, Miranda DL, Badger GJ, Fleming BC.
Effects of ACL reconstruction surgery on muscle activity
of the lower limb during a jump-cut maneuver in males
and females. J Orthop Res 2013;31:1890-1896.

37. Colliander EB, Tesch PA. Bilateral eccentric and concentric
torque of quadriceps and hamstring muscles in females and
males. Eur J Appl Physiol Occup Physiol 1989;59:227-232.

38. Hovey S, Wang H, Judge LW, Avedesian JM, Dickin DC.
The effect of landing type on kinematics and kinetics dur-
ing single-leg landings. Sports Biomech 2021;20:543-559.

39. Nishida K, Xu C, Gale T, Anderst W, Fu F. Symmetry and
sex differences in knee kinematics and ACL elongation in
healthy collegiate athletes during high-impact activities
revealed through dynamic biplane radiography. J Orthop
Res 2022;40:239-251.

40. Arhos EK, Di Stasi S, Hartigan EH, Snyder-Mackler L.
Males and females have different muscle activity patterns
during gait after ACL injury and reconstruction.
J Electromyogr Kinesiol 2022;66:102694.

41. Cheney S, Chiaia TA, de Mille P, Boyle C, Ling D. Read-
iness to return to sport after ACL reconstruction: A
combination of physical and psychological factors. Sports
Med Arthrosc Rev 2020;28:66-70.
42. Webster KE, Nagelli CV, Hewett TE, Feller JA. Factors
associated with psychological readiness to return to sport
after anterior cruciate ligament reconstruction surgery.
Am J Sports Med 2018;46:1545-1550.

43. Burland JP, Toonstra JL, Howard JS. Psychosocial barriers
after anterior cruciate ligament reconstruction: A clinical
review of factors influencing postoperative success. Sports
Health 2019;11:528-534.

44. Lai CCH, Ardern CL, Feller JA, Webster KE. Eighty-three
per cent of elite athletes return to preinjury sport after
anterior cruciate ligament reconstruction: A systematic
review with meta-analysis of return to sport rates, graft
rupture rates and performance outcomes. Br J Sports Med
2018;52:128-138.

45. Grindem H, Snyder-Mackler L, Moksnes H,
Engebretsen L, Risberg MA. Simple decision rules can
reduce reinjury risk by 84% after ACL reconstruction: The
Delaware-Oslo ACL cohort study. Br J Sports Med 2016;50:
804-808.

46. Lowe WR, Warth RJ, Davis EP, Bailey L. Functional
bracing after anterior cruciate ligament reconstruction: A
systematic review. J Am Acad Orthop Surg 2017;25:
239-249.

47. Albright JC, Crepeau AE. Functional bracing and return to
play after anterior cruciate ligament reconstruction in the
pediatric and adolescent patient. Clin Sports Med 2011;30:
811-815.

48. Perrone GS, Webster KE, Imbriaco C, et al. Risk of sec-
ondary ACL injury in adolescents prescribed functional
bracing after ACL reconstruction. Orthop J Sports Med
2019;7:2325967119879880.

49. Wright RW, Fetzer GB. Bracing after ACL reconstruction:
A systematic review. Clin Orthop Relat Res 2007;455:
162-168.

http://refhub.elsevier.com/S2666-061X(24)00029-4/sref33
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref33
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref34
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref34
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref34
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref34
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref34
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref35
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref35
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref35
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref35
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref36
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref36
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref36
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref36
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref37
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref37
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref37
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref38
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref38
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref38
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref39
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref39
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref39
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref39
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref39
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref40
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref40
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref40
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref40
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref41
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref41
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref41
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref41
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref42
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref42
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref42
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref42
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref43
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref43
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref43
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref43
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref44
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref44
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref44
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref44
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref44
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref44
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref45
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref45
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref45
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref45
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref45
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref46
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref46
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref46
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref46
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref47
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref47
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref47
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref47
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref48
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref48
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref48
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref48
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref49
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref49
http://refhub.elsevier.com/S2666-061X(24)00029-4/sref49

	Previous Knee Surgery, Anteromedial Portal Drilling, Quadriceps Tendon Autograft, and Meniscal Involvement Associated With  ...
	Methods
	Study Design
	Prognostic Factors
	Statistical Analyses

	Results
	Demographics
	Graft Type and Operative Approach
	Competition Level
	Other Prognostic Variables
	Second Injury Epidemiologic Results

	Discussion
	Limitations

	Conclusions
	Disclosures
	References


