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Background: Medial meniscal pathology and management have not been associated with postoperative anterior tibial translation
(ATT) after anterior cruciate ligament reconstruction (ACLR).

Purpose: The purpose of this study was to evaluate the role of medial meniscal injury and treatment on pre- and postoperative
ATT in the setting of primary ACLR. More specifically, the association between repairable medial meniscal tears, medial menis-
cectomy, and postoperative ATT, along with rates of revision surgery, was examined.

Study Design: Cohort study; Level of evidence, 3.

Methods: A retrospective review was performed for patients who underwent ACLR between January 1, 2010 and December 31,
2015 at a single center. Descriptive data were obtained from an institutional database for a total of 396 patients included in this
study and followed for 1 year postoperatively. Statistical analysis was performed to examine associations of meniscal treatment
with postoperative ATT measurements made by KT-1000 arthrometer.

Results: A total of 243 patients underwent isolated ACLR with autograft, 72 patients underwent autograft ACLR and partial medial
meniscectomy (MMx) (ACLR + MMx), and 81 patients underwent autograft ACLR and medial meniscal repair (MMR) (ACLR +
MMR). Patients with ACLR + MMx had higher mean age and body mass index compared with patients in the other groups. Pa-
tients who underwent ACLR + MMx had greater postoperative side-to-side ATT compared with patients undergoing ACLR (1.55
mm vs 1.07 mm; P = .04) or patients undergoing ACLR + MMR (1.55 mm vs 1.01 mm; P = .03). The ACLR + MMx group was less
likely to have symmetric (<3-mm side-to-side difference) postoperative ATT compared with the ACLR group (85% vs 93%; P =
.03). There was no difference in postoperative ATT between ACLR and ACLR + MMR. Postoperative return to the operating room
was greater in the ACLR + MRR group compared with the ACLR + MMx group (21.9% vs 8.2%; P = .05).

Conclusion: MMx at the time of ACLR led to higher postoperative ATT compared with isolated ACLR or ACLR + MMR.
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Between 120,000 and 200,000 anterior cruciate ligament of 30 to 78 per 100,000 person-years in the United
(ACL) injuries are estimated to occur each year at a rate States.»16:23:24.30.31  Approximately 100,000 ACL recon-
structions (ACLRs) are performed annually, making
ACLR one of the most common procedures performed by
) . orthopaedic surgeons.®
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11% at 2 years postoperatively.'®172837 There are a large
number of risk factors for failed ACLR, including tech-
nique, graft type, failure of graft incorporation, age, pre-
mature return to high-level activity, psychological
readiness, and failure to identify or treat concomitant
pathology. 210172137 Aggociated injuries to the collateral
ligaments or coronal/sagittal plane deformities are fre-
quently discussed with ACL graft failure.!%252934 Menis-
cal injuries may also be a source of anterior laxity after
ACLR.'!3 The importance of the meniscus as a secondary
stabilizer is well understood from biomechanical studies
showing that medial meniscal deficiency leads to increased
anterior tibial translation (ATT) as well as increased force
on the ACL graft in vitro.2%3%3% It has also been shown
that medial meniscal deficiency is associated with
increased preoperative ATT.'! It is therefore hypothesized
that medial meniscal deficiency predisposes patients to
increased postoperative ATT after ACLR and that medial
meniscal repair (MMR) would have similar postoperative
ATT to isolated ACLR. However, neither medial meniscal
pathology nor its treatment have thus far been associated
with postoperative ATT after ACLR.

The purpose of this study is to evaluate whether con-
comitant medial meniscal injuries and their subsequent
management affects the postoperative ATT after ACLR.
To answer this question, we designed a retrospective chart
review analyzing pre- and postoperative arthrometry data.
Our secondary objective was to evaluate the role played by
graft choice in postoperative ATT. We hypothesized (1)
that patients who underwent a partial medial meniscec-
tomy (MMx) would have increased postoperative ATT com-
pared with patients without medial meniscal pathology or
compared with patients who underwent MMR and (2) that
bone-patellar tendon-bone autografts would show less
postoperative ATT compared with hamstring-gracilis ten-
don autografts.

METHODS

A retrospective review was performed for ACLR performed
between January 1, 2010 and December 31, 2015. The date
range was chosen to begin after surgeons in the practice
had transitioned from transtibial to anteromedial drilling
of the femoral socket. The end date for the study was
a transition period after which patients did not routinely
have postoperative KT-1000 arthrometry testing by an
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independent observer. Patient charts were identified
from an institutional database of surgical procedures using
Current Procedural Terminology codes for ACLR. Institu-
tional review board approval was obtained before initiating
the study.

Patient charts were reviewed using the electronic med-
ical record. The independent variable was medial meniscal
pathology and treatment: ACLR with or without MMx or
MMR. Patient demographic variables included patient
age, sex, date of birth, date of injury, date of surgery,
body mass index (BMI), nicotine use, history of diabetes,
prior surgical history, and preoperative side-to-side man-
ual maximum difference (MMD) on the KT-1000 arthrom-
eter. Surgical details included graft type and diameter,
tibial and femoral fixation technique, medial and lateral
meniscal pathology and treatment, and concomitant liga-
mentous pathology and treatment. Postoperative outcomes
included revision ACLR, reoperation rate, and postopera-
tive side-to-side MMD on the KT-1000 arthrometer.

Patients were included if they were >18 years old at the
time of surgery with no prior history of ipsilateral knee sur-
gery, undergoing primary ACLR with autograft hamstring or
autograft patellar tendon using interference screw fixation
on both femur and tibia. Patients were excluded if they
had a history of prior meniscal procedures or underwent con-
comitant surgery to repair or reconstruct the collateral liga-
ments or the posterior cruciate ligament; underwent lateral
extra-articular tenodesis; or underwent meniscal transplant.
Patients were also excluded if they had a history of injury to
the contralateral ACL or if they did not follow up for routine
postoperative laxity examination.

ACLR was performed by 1 of 5 senior surgeons who per-
formed >50 ACLRs annually. ACL graft fixation was per-
formed on the femoral side with an interference screw
with or without additional cortical suspensory fixation,
based on surgeon preference. ACL graft fixation on the tib-
ial side was performed with an interference screw with or
without additional cortical suspensory fixation, based on
surgeon preference. Meniscal treatment was performed
based on the senior surgeons’ intraoperative assessment,
and meniscal repair was performed for all repairable tears.
Statistical analysis was performed using intent-to-treat
analysis rather than based on success or failure of menis-
cal repair. Postoperative rehabilitation for all patients,
regardless of meniscal pathology or treatment, was early
mobilization with weightbearing as tolerated in a range
of motion brace locked in extension. Once patients demon-
strated appropriate quadriceps function, the brace was
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modified. Patients without meniscal pathology (isolated
ACLR) and those who underwent MMx were allowed to
wean from the brace once quadriceps function was appro-
priate. Patients who underwent MMR wore the brace for
6 weeks postoperatively and were restricted from deep
knee flexion weightbearing (>90°) for 12 weeks
postoperatively.

Patients undergoing ACLR were referred for pre- and
postoperative laxity testing using a previously published
protocol.22 All patients treated by the group were referred
to a single examiner who was trained to perform laxity test-
ing using the KT-1000 arthrometer. The examiner was
involved only in testing and was not involved in patient
assessment or rehabilitation protocols. Examinations were
performed before surgery, at 6 weeks postoperative, and
every 6 weeks thereafter by the examiner until 6 months
after surgery using the KT-1000 arthrometer. For patients
with multiple differential postoperative MMD measure-
ments, the highest value was used for analysis of postoper-
ative ATT. The highest value was used because low values
may underestimate laxity due to patient apprehension.
Patients were assessed for symmetry of postoperative ATT
using a threshold MMD of >3.0 mm.® The patient chart
was reviewed for subsequent clinic notes and operative
reports to determine if the patient returned to the operating
room (OR) for ipsilateral or contralateral knee surgery.

A power analysis indicated that 177 patients would be
needed to detect a difference of 0.5 mm in ATT at a power
of 0.8 assuming an SD of 1.0 mm. Statistical analysis was
performed using 2-sample ¢ tests for continuous data and
2-sample proportion tests for binary data. Multinomial
regression analysis was performed to examine the associa-
tion of demographic variables with the medial meniscal
treatment group including age at surgery, sex, BMI, delay
to surgery, and nicotine use. Linear regression analysis
was performed to examine the association of preoperative
variables with postoperative laxity measurements includ-
ing delayed surgery, medial meniscal treatment group,
BMI, age at surgery, and graft type. Logistic regression
analysis was performed to examine the association of pre-
operative variables with the rate of reoperation, including
delayed surgery, medial meniscal treatment, BMI, age,
and graft type. P values of <.05 were deemed significant.
All statistical tests were performed in R using R Studio
with the tidyverse, rstatix, and ggpubr (R package; Version
0.6.0) libraries, 227

RESULTS

A total of 1299 charts were identified from the institutional
database. After filtering for duplicates and excluding
allograft reconstructions, 800 patients with concomitant
ligament surgery, prior ipsilateral knee surgery, contralat-
eral knee surgery, or a history of contralateral ACL injury
were reviewed. Of this group, 405 patients were excluded
on the basis that they had not been evaluated for pre- or
postoperative laxity testing during their rehabilitation
(Figure 1).
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1299 ACL

reconstructions
identified

.

Exclusion criteria:
Duplicate records
Age < 18 years
Allograft reconstructions
Multiligamentous injury
h/o prior knee surgery either knee
h/o contralateral ACL injury

}

800 patients included

;

Preoperative and postoperative
arthrometry measurements

395 patients for
analysis

288 hamstring 107 BPTB autograft
autograft 66 ACLR
177 ACLR
49 ACLR+MMX
62 ACLR+MMR

—_—] 499 patients excluded

) 405 patients with
incomplete data

22 ACLR+MMX
19 ACLR+MMR

Figure 1. Flowchart for patient selection. ACL, anterior cru-
ciate ligament; ACLR, ACL reconstruction; ACLR + MMXx,
ACLR with partial medial meniscectomy; ACLR + MMR,
ACLR with medial meniscal repair; BPTB, bone-patellar ten-
don-bone; h/o, history of.

After exclusions, 395 patients with a mean age of 27.8
years (SD, 7.9 years) were available for analysis (Figure
1). A total of 288 patients underwent primary ACL recon-
struction using hamstring tendon autograft, and 107
patients underwent primary ACLR with autograft patellar
tendon; 243 patients underwent isolated ACLR with auto-
graft, while 71 patients underwent autograft ACLR + MMx
and 81 patients underwent autograft ACLR + MMR. There
were 177 isolated ACLR, 49 ACLR + MMx, and 62 ACLR +
MMR procedures for the hamstring tendon autograft
group. There were 66 isolated ACLR, 22 ACLR + MMx,
and 19 ACLR + MMR procedures for the patellar tendon
autograft group.

Preoperative Differences Between Groups

There was no difference between groups in length of follow-
up. The ACLR group had a mean of 20 weeks of
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TABLE 1
Demographic Data®

ACLR MMx MMR ACLR vs MMx ACLR vs MMR MMx vs MMR

Mean Mean Mean P P P
Age 274 + 8.0 304 + 8.5 26.7 £ 6.4 .01 .40 <.01
Sex, female, % 29, (n = 242) 17, (n = 72) 33, (n = 82) .04 .49 .02
BMI 26.3 £ 4.5 28.9 £ 4.9 276 £5.2 <.01 .06 11
Time to OR, d 274 = 741 563 = 889 246 + 273 .02 .63 .01
Nicotine use 11, (n = 242) 14, (n = 72) 9, (n = 82) .60 72 42

“Data are presented as mean + SD or percentage. ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; MMR, medial
meniscal repair; MMx, partial medial meniscectomy; OR, operating room.

postoperative measurements, the ACLR + MMR group had
a mean of 19 weeks of postoperative measurements, and
the ACLR + MMX group had a mean of 20 weeks of postop-
erative measurements (analysis of variance; P = .39).

There were significant differences between the MMx
group and the other 2 groups preoperatively (Table 1). Com-
pared with the isolated ACLR group, the ACLR + MMx
group was older (30.4 vs 27.4 years; P = .01), had higher
BMI (28.9 vs 26.3 kg/m?; P < .01), was less likely to be
female (16.7% vs 28.9%; P = .04), and had a longer time
from injury to the OR (563 vs 274 days; P = .02). Compared
with ACLR + MMR, the ACLR + MMx group was older (30.4
vs 26.7 years; P < .01), was less likely to be female (16.7% vs
32.9%; P = .02), and had a longer time from injury to the OR
(563 vs 246 days; P = .01). There were no differences between
the ACLR and ACLR + MMR groups, and there was no dif-
ference between any groups in the rate of nicotine use.

Multinomial regression was performed to identify fac-
tors associated with the treatment groups. A positive corre-
lation was seen between increasing age and ACLR + MMx
(coefficient, 0.0448; P = .01). Increasing BMI was positively
correlated with both ACLR + MMx (coefficient, 0.1098; P <
.01) and ACLR + MMR (coefficient, 0.0609; P = .03). No
association was seen for time from injury to the OR,
patient sex, or use of nicotine for any group. Pearson corre-
lation test showed an association between time from injury
to the OR and age (df = 389; P < .01). Two-sample ¢ tests
showed that male patients had higher BMI than female
patients (27.6 vs 25.7 kg/m?; P < .01).

Postoperative Outcomes

ACLR Alone Versus ACLR + MMx. The ACLR + MMx
group had significantly greater preoperative ATT com-
pared with the ACLR group (MMD: 7.46 mm vs 6.48 mm,;
P < .01) (Table 2). The ACLR + MMx group also had signif-
icantly greater postoperative ATT compared with the ACLR
group (MMD: 1.6 mm vs 1.07 mm; P = .04). Postoperatively,
a higher proportion of patients in the ACLR group had an
MMD <3 mm (93% vs 84.5%; P = .03). There was no differ-
ence between the 2 groups in the rate of return to the OR.

ACLR Alone Versus ACLR + MMR. There were no sig-
nificant differences between the 2 groups in preoperative

ATT, postoperative ATT, or rates of return to the OR
(Table 2).

ACLR + MMx Versus ACLR + MMR. There were no sig-
nificant differences between the 2 groups in preoperative
ATT. The ACLR + MMx group showed significantly
higher postoperative ATT compared with the ACLR +
MMR group (MMD: 1.6 mm vs 1.01 mm; P = .02) (Table
2). There was no difference between groups for the propor-
tion of patients with postoperative MMD <3 mm. The
ACLR + MMR group had a higher rate of return to the
OR (23.2% vs 9.9%; P = .03).

Return to the OR

Postoperative return to the OR was significantly greater
for the ACLR + MMR group compared with ACLR +
MMx (23% vs 10%; P = .03). No difference was seen
between ACLR versus ACLR + MMx or ACLR versus
ACLR + MMR. Indications for return to the OR are
reported in Table 3.

Regression Analysis

Linear regression analysis was performed for postopera-
tive MMD using time from injury to the OR, medial menis-
cal treatment group, graft type, age, and BMI as predictive
factors. Associations were seen with preoperative MMD
(coefficient, 0.12; P = .004), with age (coefficient, —0.03;
P = .008), with graft type (patellar tendon autograft coeffi-
cient, —0.44; P = .029), and with the medial meniscal treat-
ment group (ACLR + MMx coefficient, 0.49; P = .048). The
regression showed positive correlations for preoperative
MMD and medial meniscal treatment. Each additional
1 mm of preoperative MMD was associated with increased
postoperative MMD of 0.12 mm. MMx was associated with
a 0.49-mm increase in postoperative MMD. Each addi-
tional year of age predicted a decreased postoperative
MMD of 0.03 mm. Use of patellar tendon autograft was
protective; a patellar tendon autograft was associated
with a decrease of 0.44 mm in postoperative MMD. No
association was shown for BMI or time from injury to the
OR. Regression analysis results with confidence intervals
are summarized in Table 4.
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TABLE 2
Analysis of ACLR Outcomes Depending on Medial Meniscal Pathology®

ACLR vs ACLR + MMx

ACLR ACLR + MMX P
Preop MMD, mm 6.5 2.1 7521 <.01
Postop MMD, mm 11+x14 1.6 £ 1.7 .04
MMD <3, mm 93 85 .03
Return to OR 14 10 .32

ACLR vs ACLR + MMR

ACLR ACLR + MMR P
Preop MMD, mm 6.5+ 21 6.9+24 21
Postop MMD, mm 11+14 1.0+0.8 .70
MMD <3, mm 93 93 .92
Return to OR 14 23 .07

ACLR + MMx vs ACLR + MMR

ACLR + MMX ACLR + MMR p
Preop MMD, mm 7.5 +2.1 6.9 x24 .10
Postop MMD, mm 1.6 = 1.7 1.0 £ 0.8 .02
MMD <3, mm 85 93 11
Return to OR 10 23 .03

“Data are presented as mean = SD or percentage. Significant p values indicated in bold text. ACLR, anterior cruciate ligament recon-
struction; MMD, manual maximum difference; MMR, medial meniscal repair; MMx, partial medial meniscectomy; OR, operating room;
Postop, postoperative; Preop, preoperative.

TABLE 3
Summary of Indications for Return to OR by Graft Type®

Hamstring Tendon Autograft Patellar Tendon Autograft

ACLR ACLR + MMx ACLR + MMR ACLR ACLR + MMx ACLR + MMR
(n =177) (n =49) (n =62) (n = 66) (n =22) (n=19)
Revision ACLR 6 0 0 0 1 0
Arthroscopic debridement 11 2 8 3 2 5
Arthrofibrosis 3 0 1 5 0 1
Infection 1 1 1 0 0 0
Revision meniscal repair 0 0 1 0 0 0
Symptomatic implant 1 0 1 0 0 0
Total 22 (12) 3 (6) 12 (19) 8 (12) 3 (14) 6 (32)

“Data are presented as n or n (%).ACLR, anterior cruciate ligament reconstruction; MMR, medial meniscal repair; MMx, partial medial
meniscectomy; OR, operating room.

Logistic regression analysis was performed for the out-
come of return to the OR using preoperative MMD, postop-
erative MMD, medial meniscal treatment group, age, BMI,
and graft type as predictive factors. Associations were seen
with MMR (coefficient, 0.81; P = .024) and postoperative
MMD (coefficient, 0.25; P < .001). The regression implies
that an MMR was associated with a 1.2-fold higher chance
of return to the OR. For each 1-mm increase in

postoperative MMD, there was a 2.8-fold higher chance
of return to the OR. No association was shown for preoper-
ative MMD, age, BMI, time from injury to the OR, or graft
type. Regression analysis results with confidence intervals
are summarized in Table 5.

The analysis was repeated with lateral meniscal treat-
ment groups, and no association was shown between lat-
eral meniscal treatment and any of the variables.
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TABLE 4
Linear Regression Analysis of Postoperative
MMD With Coefficient®

Coefficient 95% CI P
Preoperative MMD 0.12 0.04 to 0.19 .004
Delay to surgery .000007737 —0.0002 to 0.0003 .950
Medial meniscal repair -0.16 -0.60 to 0.27  .459
Partial medial meniscectomy 0.49 0.005to 0.97 .048
BMI -0.02 -0.05to0 0.02 .392
Age -0.03 -0.05 to —0.01 .008
BPTB autograft -0.44 -0.83 to —0.05 .029

“BMI, body mass index; BPTB, bone-patellar tendon-bone;
MMD, manual maximum difference. Significant p values indi-
cated in bold text.

TABLE 5
Logistic Regression Analysis of Rates
of Return to OR With Coefficient”

Coefficient 95% CI P

Preoperative MMD -0.069 -0.23 to 0.08 377
Delay to surgery -0.000755 —0.002 to 0.0001 .239

Medial meniscal repair 0.81  0.09 to 1.50 .025
Partial medial meniscectomy -0.40 -1.51 to 0.57 .450
BMI 0.00233 -0.06 to 0.06 941
Age -0.019 -0.07 to 0.02 .398
BPTB autograft 0.40 -0.30 to 1.08 .248
Postoperative MMD 035 0.20to 0.51 <.001

“BMI, body mass index; BPTB, bone-patellar tendon-bone;
MMD, manual maximum difference; OR, operating room. Signifi-
cant p values indicated in bold text.

DISCUSSION

The most important result of this study is the finding that
medial meniscal pathology and treatment affected postop-
erative ATT after ACLR—specifically, that an irreparable
medial meniscal tear and subsequent MMx were risk fac-
tors for increased postoperative MMD measured by the
KT-1000 arthrometer. Medial meniscal tears, especially
of the posterior horn, have been associated with increased
ATT in vitro and have been associated with preoperative
ATT. With that said, this is the first study to our knowl-
edge which demonstrates that performing a medial menis-
cectomy at the time of ACLR is associated with
postoperative ATT.!1:20:35,36

Interestingly, MMR showed improved postoperative
ATT compared with meniscectomy and no difference com-
pared with isolated ACLR. Recent shifts in the treatment
of meniscal pathology that trend toward repair and preser-
vation instead of partial meniscectomy have been associ-
ated with chondroprotective effects.'® Status of the
medial meniscus at the time of ACLR has previously
been shown to be predictive of future arthritis but was
not associated with postoperative laxity or revision ACLR
in our data. Our study is the first to demonstrate an

The Orthopaedic Journal of Sports Medicine

association between medial meniscal pathology and post-
operative ATT after ACLR.

However, there were significant differences in demo-
graphics between groups that may have biased outcomes.
Specifically, the ACLR + MMx group was older, more
male predominant, and had a longer interval from injury
to surgery than either the ACLR or the ACLR + MMR
groups. Additionally, the ACLR + MMx group had a higher
BMI than the ACLR group but not the ACLR + MMR
group. These differences likely reflect the treating sur-
geons’ indications for meniscal repair and their assessment
of whether a tear is repairable. The higher rate of return to
the OR in the ACLR + MMR group is most likely related to
failed meniscal healing and return to the OR for debride-
ment or revision meniscal repair.

In the present study, regression analysis implies a role of
the ACL graft type in postoperative ATT. Patellar tendon
autograft is protective against increased ATT after ACLR.
Patellar tendon autograft offers a well-established advantage
over hamstring tendon autograft for postoperative outcomes
including postoperative ATT, postoperative asymmetric pivot
shift, revision rates, and reoperation rates.”>® Our results
indicate that surgeons may consider the potential for higher
postoperative ATT when selecting a graft for patients with
an irreparable medial meniscal tear.

Several previous studies have suggested a positive cor-
relation between delay to ACLR, preoperative ATT, postop-
erative ATT, and medial meniscal tears.">®3% However,
a recent study has challenged this prevailing wisdom in
adult patients.'? Our results are similar to the results of
Gupta et al'?; while there were differences between study
groups for time from injury to surgery, there was no associ-
ation between time to the OR and medial meniscal tears on
regression analysis. Instead, age was separately associated
with both medial meniscal tears and time to reconstruction,
so there may be a confounding effect. Our result adds to
data from the literature showing that counseling, bracing,
and rehabilitation can be effective in preventing new menis-
cal tears in the ACL-deficient knee 141552

The 0.5-mm increased ATT in the ACLR + MMx group
is similar to the difference in ATT that has been reported
between hamstring and patellar tendon autografts.®® The
magnitude of differences in ATT may be less important
than the percentage of patients who return to near-normal
(<3 mm) side-to-side ATT postoperatively. In our study,
this 0.5-mm reduction in ATT corresponded to an additional
8% of the ACLR group returning to near-normal ATT com-
pared with the ACLR + MMx group (93% vs 85%,
respectively).

Strengths and Limitations

The strengths of our study include a large sample size with
nearly 300 hamstring tendon autograft and 100 patellar
tendon autograft reconstructions, a variety of surgeons,
and consistent postoperative examination by a single inde-
pendent examiner. However, there were several limita-
tions. The patient study population was a small
community practice setting. Our conclusions were limited
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by the retrospective nature of our study. Our population was
chosen to be as homogeneous as possible, and inferences
beyond the study demographics and clinical setting should
be limited. Despite this, our study groups showed differences
in preoperative demographics. The study population did not
include skeletally immature patients, autograft quadriceps
tendon, allograft reconstruction, or suspensory fixation. We
did not include patient-reported outcomes and there was
a significant loss of patients who did not have adequate
follow-up to be included in the study.

CONCLUSION

MDMx at the time of ACLR led to higher postoperative ATT
compared with isolated ACLR or ACLR + MMR.

ORCID iD

Jacob Ghahremani https://orcid.org/0000-0002-9952-5872

REFERENCES

1. Anstey DE, Heyworth BE, Price MD, Gill TJ. Effect of timing of ACL
reconstruction in surgery and development of meniscal and chondral
lesions. Phys Sportsmed. 2012;40(1):36-40.

2. 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(2):83-90.

3. Bogunovic L, Matava MJ. Operative and nonoperative treatment
options for ACL tears in the adult patient: a conceptual review.
Phys Sportsmed. 2013;41(4):33-40.

4. Bollen S. Epidemiology of knee injuries: diagnosis and triage. Br J
Sports Med. 2000;34(3):227-228.

5. Chavez A, Jimenez AE, Riepen D, Schell B, Khazzam M, Coyner KJ.
Anterior cruciate ligament tears: the impact of increased time from
injury to surgery on intra-articular lesions. Orthop J Sports Med.
2020;8(12):232596712096712.

6. Chhadia AM, Inacio MCS, Maletis GB, Csintalan RP, Davis BR, Funa-
hashi TT. Are meniscus and cartilage injuries related to time to ante-
rior cruciate ligament reconstruction? Am J Sports Med. 2011;
39(9):1894-1899.

7. Cristiani R, Sarakatsianos V, Engstrédm B, Samuelsson K, Forssblad
M, Stalman A. Increased knee laxity with hamstring tendon autograft
compared to patellar tendon autograft: a cohort study of 5462
patients with primary anterior cruciate ligament reconstruction.
Knee Surg Sports Traumatol Arthrosc. 2019;27(2):381-388.

8. Csintalan RP, Inacio MCS, Funahashi TT. Incidence rate of anterior
cruciate ligament reconstructions. Perm J. 2008;12(3):17-21.

9. Daniel DM, Stone ML, Sachs R, Malcom L. Instrumented measure-
ment of anterior knee laxity in patients with acute anterior cruciate lig-
ament disruption. Am J Sports Med. 1985;13(6):401-407.

10. Firth AD, Bryant DM, Litchfield R, et al. Predictors of graft failure in
young active patients undergoing hamstring autograft anterior cruci-
ate ligament reconstruction with or without a lateral extra-articular
tenodesis: the stability experience. Am J Sports Med. 2022;50(2):
384-395.

11. Grassi A, Di Paolo S, Dal Fabbro G, et al. Objective laxity and subjec-
tive outcomes are more influenced by meniscal treatment than ante-
rior cruciate ligament reconstruction technique at minimum 2 years of
follow-up. J ISAKOS. 2022;7(4):54-59.

12. Gupta A, Badin D, Ortiz-Babilonia C, Davidson AJ, Lee RJ. Is delayed
anterior cruciate ligament reconstruction associated with a risk of

Medial Meniscal Tears and Postoperative Laxity After ACLR 7

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

new meniscal tears? Reevaluating a longstanding paradigm. Orthop
J Sports Med. 2023;11(10):23259671231203239.

Hoshino Y, Hiroshima Y, Miyaji N, et al. Unrepaired lateral meniscus
tears lead to remaining pivot-shift in ACL-reconstructed knees. Knee
Surg Sports Traumatol Arthrosc. 2020;28(11):3504-3510.

Hurd W, Axe M, Snyder-Mackler L. Management of the athlete with
acute anterior cruciate ligament deficiency. Sports Health. 2009;
1(1):39-46.

Hurd WJ, Axe MJ, Snyder-Mackler L. A 10-year prospective trial of
a patient management algorithm and screening examination for
highly active individuals with anterior cruciate ligament injury: part
1, outcomes. Am J Sports Med. 2008;36(1):40-47.

Kaeding CC, Pedroza AD, Reinke EK, et al. Change in anterior cruci-
ate ligament graft choice and outcomes over time. Arthroscopy.
2017;33(11):2007-2014.

Kaeding CC, Pedroza AD, Reinke EK, Huston LJ; MOON Consor-
tium; Spindler KP. Risk factors and predictors of subsequent ACL
injury in either knee after ACL reconstruction: prospective analysis
of 2488 primary ACL reconstructions from the MOON cohort. Am J
Sports Med. 2015;43(7):1583-1590.

Kalifis G, Raoulis V, Panteliadou F, Liantsis A, D’Ambrosi R, Hantes
M. Long-term follow-up of bucket-handle meniscal repairs: chondro-
protective effect outweighs high failure risk. Knee Surg Sports Trau-
matol Arthrosc. 2022;30(7):2209-2214.

Klek M, Dhawan A. The role of high tibial osteotomy in ACL recon-
struction in knees with coronal and sagittal plane deformity. Curr
Rev Musculoskelet Med. 2019;12(4):466-471.

Magnussen RA, Reinke EK, Huston LJ; MOON Group; Hewett TE,
Spindler KP. Factors associated with high-grade Lachman, pivot
shift, and anterior drawer at the time of anterior cruciate ligament
reconstruction. Arthroscopy. 2016;32(6):1080-1085.

Marmura H, Getgood AMJ, Spindler KP, Kattan MW, Briskin I, Bryant
DM. Validation of a risk calculator to personalize graft choice and
reduce rupture rates for anterior cruciate ligament reconstruction.
Am J Sports Med. 2021;49(7):1777-1785.

Mehta VM, Young EP, Paxton EW, Fithian DC. The effect of ketorolac
on anteroposterior knee laxity after anterior cruciate ligament recon-
struction. Orthopedics. 2008;31(6):538-540.

Musahl V, Karlsson J. Anterior cruciate ligament tear. N Engl J Med.
2019;380(24):2341-2348.

Nordenvall R, Bahmanyar S, Adami J, Stenros C, Wredmark T,
Fellander-Tsai L. A population-based nationwide study of cruciate
ligament injury in Sweden, 2001-2009: incidence, treatment, and
sex differences. Am J Sports Med. 2012;40(8):1808-1813.

Pache S, Del Castillo J, Moatshe G, LaPrade R. Anterior cruciate lig-
ament reconstruction failure and revision surgery: current concepts.
J ISAKOS. 2020;5(6):351-358.

Posit Team. RStudio: Integrated Development Environment for R.
Posit Software, PBC; 2023. http://www.posit.co/

R Core Team. R: A Language and Environment for Statistical Com-
puting. R Foundation for Statistical Computing; 2023 https://www.
R-project.org/

Rezansoff A, Firth AD, Bryant DM, et al. Anterior cruciate ligament
reconstruction plus lateral extra-articular tenodesis has a similar
return to sports rate as ACLR alone, but lower failure rate. Arthros-
copy. 2014;40(2):384-396.e1.

Samitier G, Marcano Al, Alentorn-Geli E, Cugat R, Farmer KW, Moser
MW. Failure of anterior cruciate ligament reconstruction. Arch Bone
Jt Surg. 2015;3(4):220-240.

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(6):1502-1507.

Singh N. International epidemiology of anterior cruciate ligament inju-
ries. Orthop Res Online J. 2018;1(5):94-96.

Smith TO, Postle K, Penny F, McNamara |, Mann CJV. Is reconstruc-
tion the best management strategy for anterior cruciate ligament rup-
ture? A systematic review and meta-analysis comparing anterior
cruciate ligament reconstruction versus non-operative treatment.
Knee. 2014;21(2):462-470.



33.

34.

35.

Fithian et al

Sommerfeldt M, Goodine T, Raheem A, Whittaker J, Otto D. Relation-
ship between time to ACL reconstruction and presence of adverse
changes in the knee at the time of reconstruction. Orthop J Sports
Med. 2018;6(12):232596711881391.

Southam BR, Colosimo AJ, Grawe B. Underappreciated factors
to consider in revision anterior cruciate ligament reconstruction:
a current concepts review. Orthop J Sports Med. 2018;6(1):
2325967117751689.

Sullivan D, Levy IM, Sheskier S, Torzilli PA, Warren RF. Medial
restraints to anterior-posterior motion of the knee. J Bone Joint
Surg Am. 1984;66(6):930-936.

36.

37.

38.

The Orthopaedic Journal of Sports Medicine

Venkataraman S, Ethiraj P, Shanthappa AH, Vellingiri K. Association
of meniscus injuries in patients with anterior cruciate ligament inju-
ries. Cureus. 2022;14(6):e25878.

Wright RW, Dunn WR, Amendola A, et al. Risk of tearing the intact
anterior cruciate ligament in the contralateral knee and rupturing
the anterior cruciate ligament graft during the first 2 years after ante-
rior cruciate ligament reconstruction: a prospective MOON cohort
study. Am J Sports Med. 2007;35(7):1131-1134.

Zhao D, Pan JK, Lin FZ, et al. Risk factors for revision or rerupture
after anterior cruciate ligament reconstruction: a systematic review
and meta-analysis. Am J Sports Med. 2023;51(11):3053-3075.



