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Background: Persistent mildly abnormal knee kinematics after anterior cruciate ligament (ACL) reconstruction (ACLR) is an ongo-
ing clinical problem.

Purpose: To compare the clinical outcomes of revision ACLR (rACLR), rACLR and lateral extra-articular tenodesis (LET), or iso-
lated LET in patients with a grade >2 pivot shift after ACLR with an intact or partially torn graft and a new, symptomatic medial
meniscal tear.

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

Methods: A retrospective review of all patients with a new, symptomatic medial meniscal tear diagnosed after a primary ACLR
was performed. Patients were included if they demonstrated a grade >2 pivot shift on physical examination with an intact or par-
tially torn ACL graft. Exclusion criteria included complete graft rupture. The senior author’'s management evolved in a practice
change design from rACLR to rACLR with LET, to isolated LET over the study period. The primary outcomes were the International
Knee Documentation Committee (IKDC), Lysholm, and Tegner patient-reported outcomes (PROs) at 2 years postoperatively.

Results: A total of 47 patients, with 16 in the rACLR group, 12 in the rACLR and LET group, and 19 in the isolated LET group were
included. Baseline characteristics between groups were similar. At 2 years, the rACLR group IKDC score was 86.1 = 6.6 and was
lower than the rACLR and LET group (91.9 * 4.4; P =.009; 95% ClI, -10.4 to —1.2) and the isolated LET group scores (91.7 = 3.0;
P =.004; 95% Cl, -9.7 to —1.6). The Lysholm score was lower in the rACLR group (85.8 = 6.3) when compared with the rACLR and
LET group (91.8 = 4.6; P = .03; 95% ClI, —11.8 to —-0.39). There was no difference in any Tegner scores at 2 years (P = .09).

Conclusion: In patients with grade >2 pivot shift after an ACLR with an intact or partially torn graft and a new, symptomatic
medial meniscal tear, the addition of an LET with or without rACLR led to improved PROs compared with an isolated rACLR.
An isolated LET in this patient population should be considered an acceptable treatment option.
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Anterior cruciate ligament (ACL) reconstruction (ACLR) is competitive sports is as low as 33% at 1 year postopera-

one of the most frequently performed orthopaedic surgical
procedures in the United States, with an estimated
350,000 performed annually.*3* Although a common pro-
cedure, return to activity after ACLR remains a challenge.
Prior literature suggests that the rate of return to
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tively and that graft ruptures occur in up to 18% of high-
risk athletes.?%7

Persistently abnormal knee kinematics after ACLR may
play a role in subjective instability, meniscal pathology,
and graft rupture.>3® Specifically, the medial meniscus
may be at risk in patients with a persistently positive pivot
shift due to its role as a secondary stabilizer of the knee.?3
Reconstructive techniques of the anterolateral complex
such as the lateral extra-articular tenodesis (LET) have
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become increasingly popular as an adjunct to ACLR to mit-
igate persistent postoperative grade >2 pivot shift and
graft failure in high-risk patients.>!! Notably, Getgood et
al'! found that the addition of an LET to a single-bundle
hamstring tendon autograft ACLR resulted in significantly
lower postoperative pivot-shift grade and graft rupture at 2
years after surgery.

Acute medial meniscal tears after an ACLR with or
without associated graft rupture may be related to subtle
persistently abnormal knee kinematics.!” A revision
ACLR (rACLR) is indicated in patients with subjective
instability in the setting of complete graft rupture. How-
ever, the management of a new postoperative medial
meniscal tear with intact or partially torn graft and a grade
>2 pivot-shift examination is unclear. The purpose of this
study was to compare the outcomes of an rACLR, rACLR
with LET (rACLR + LET), and isolated LET in the treat-
ment of a postoperative grade >2 pivot-shift examination
and a new, symptomatic medial meniscal tear with an
intact or partially torn ACLR graft. We hypothesized that
an isolated LET would have equivalent clinical outcomes
at 2 years postoperatively compared with an rACLR or
rACLR + LET in treating a postoperative grade >2 pivot-
shift examination in the context of a new, symptomatic
medial meniscal tear after primary ACLR with an intact
or partially torn graft.

METHODS

Patient Selection, Treatment, and Outcome Measures

A retrospective review was performed between September
2013 and July 2023 for all patients with a new, symptom-
atic medial meniscal tear sustained during activity and
a grade >2 pivot-shift examination after a primary
ACLR. A fellowship-trained musculoskeletal radiologist
assessed magnetic resonance imaging (MRI) of the knee
to diagnose medial meniscal tears and evaluate graft integ-
rity and tunnel position. Patients were included if the
ACLR graft was intact or partially torn defined as >50%
of the graft still in continuity, in the setting of a new,
symptomatic medial meniscal tear. Patients with a pivot-
shift grade >2 on physical examination in the outpatient
clinic setting performed by the senior surgeon (K.J.E.)
were included in the study. Patients with grade 3 manual
Lachman examination with concomitant ACLR graft rup-
ture or tunnel malposition were excluded and managed
with rACLR. Patients <15 years of age, those without
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a grade >2 pivot-shift examination, previous rACLR, pre-
vious osteotomy, grade >3 chondromalacia, infection, mul-
tiligamentous injury or reconstruction, associated cartilage
procedure, <2 years of follow-up, and those without out-
comes of interest were also excluded.

Patient charts were retrospectively reviewed for out-
comes of interest at 6, 12, and 24 months. These included
demographic data, initial ACLR graft type, recurrent
meniscal tear, pivot-shift grade on physical examination,
recurrent ACLR graft tears as detected by MRI, Lysholm
patient-reported outcome (PRO) score, International
Knee Documentation Committee (IKDC) PRO score,
Tegner PRO, and complications. Return-to-sport data
including level of return were also collected in athletes.

The senior author’s (K.J.E.) preferred treatment for
a grade >2 pivot-shift examination after ACLR with new
medial meniscal pathology changed over the duration of
the study. Initially, these cases were managed with
rACLR. Throughout the study collection period, manage-
ment evolved to include the addition of LET to rACLR, fol-
lowed by isolated LET. As a result, this represented
a consecutive series of patients.

Surgical Procedure

Examination under anesthesia and diagnostic arthroscopy
were performed in all cases to confirm preoperative diagno-
sis and decision-making. In cases that involved rACLR,
MRI was utilized to evaluate for tunnel widening. In cases
that involved >12-mm tunnel diameter, a staged rACLR
with initial bone grafting was planned, and the final deci-
sion was made during diagnostic arthroscopy. Graft choice
was determined primarily by which autograft was avail-
able after the initial ACLR. The senior author’s preference
was to utilize all-soft tissue quadriceps or bone—patellar
tendon—bone (BPTB) autograft depending on graft avail-
ability. If quadriceps autograft was used for rACLR, an
all-inside fixation strategy was achieved with an adjust-
able loop suspensory system (TightRope; Arthrex) on the
femoral side and an attachable button system (Arthrex)
on the tibial side. If BPTB was used, adjustable loop sus-
pensory system (Tightrope; Arthrex) was used on the fem-
oral side and aperture fixation with an interference screw
(Regenesorb; Smith+Nephew) on the tibial side. A 4.75-mm
suture anchor (SwiveLock; Arthrex) was used for second-
ary fixation on the tibia in all cases.

The LET procedure was performed according to the
modified Lemaire technique.!® A 6-cm longitudinal incision
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was made 1 cm posterior to the lateral epicondyle toward
the Gerdy tubercle with the knee in flexion. Dissection
was carried down to the iliotibial band (ITB). A 1 cm—
wide, 8 cm—long strip of the posterior half of the ITB was
isolated and detached proximally. Care was taken not to
disrupt the distal attachment onto the Gerdy tubercle.
After releasing deep attachments of the vastus lateralis,
the free end of the ITB was whipstitched with a nonabsorb-
able suture. Vertical capsular incisions were made on the
anterior and posterior borders of the fibular collateral lig-
ament (FCL) in preparation for ITB passage. The ITB
was passed deep to the FCL from distal to proximal utiliz-
ing a right-angled clamp. The lateral femoral condylar
metaphyseal flare was identified and cleared with electro-
cautery. With the graft taut but not overtensioned at 60° of
knee flexion, fixation on the femoral side was achieved
with a 4.75-mm suture anchor or 15-mm socket and 6-
mm interference screw (Biosure Regenesorb; Smith &
Nephew).

The medial meniscal tear pattern, size, location, chro-
nicity, and tissue quality were assessed by the senior sur-
geon and considered along with patient characteristics to
gauge whether the meniscus was repairable. Longitudinal
tears were repaired with an all-inside technique using all-
inside meniscal repair devices (FiberStitch; Arthrex), while
radial tears were repaired with an outside-in, side-to-side
technique, based on the senior surgeon’s standard practice.
If the tear was judged to be nonrepairable, a partial menis-
cectomy was performed with a combination of arthroscopic
biters and an arthroscopic shaver, maintaining as many
circumferential meniscal fibers intact as possible.

Postoperative Care

Patients were placed in a brace locked in extension postop-
eratively. Weightbearing as tolerated with crutches with
the knee in extension was permitted for 2 weeks. At 2
weeks postoperatively, the patient was weaned off crutches
and range of motion (ROM) as tolerated in a brace was per-
mitted. Physical therapy was initiated at 2 weeks and
focused on ROM and strengthening. Brace use was contin-
ued until 6 weeks postoperatively. There were no changes
in the postoperative ROM or weightbearing status based
on the presence or absence of a meniscal repair or LET.
Athletes went through several tests before being cleared
for return to sports, with identical protocols between
groups. In addition to full ROM and no effusion, quadri-
ceps and hamstring strength were required to be >90%
of the nonoperative side. In addition, the single-hop and
triple-crossover hop test for distance had to be <10% of
the noninjured leg. Finally, the athlete completed lower
extremity functional testing with his or her physical ther-
apist. The patient then advanced to sports-specific train-
ing, increasing activities to full contact under athletic
trainer supervision. Final clearance came from the senior
surgeon when the patient returned to practice and dis-
played no hesitancy or compensatory strategies during cut-
ting drills, especially deceleration at full effort.
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Statistical Analysis

Statistical analysis was performed with computation soft-
ware (SPSS Statistics, Version 23; IBM). Participant demo-
graphics and past surgical history were recorded. A chi-
square test was performed to compare initial and rACLR
graft type proportion in each group, pre- and postoperative
meniscal status, pre- and postoperative physical examina-
tion and imaging findings, and postoperative complications
between the rACLR, rACLR + LET, and isolated LET
groups. A 1-way analysis of variance (ANOVA) with the
Bonferroni correction was completed to compare follow-
up period duration, IKDC, Lysholm, and Tegner scores
preoperatively and at 6, 12, and 24 months postoperatively
between groups. Significance was set at P < .05 with a 95%
CI, and all data are presented as mean and standard
deviation.

A post hoc power analysis to assess achieved power was
completed using a sample size calculator (G*Power, Ver-
sion 3.1; Universitat Diisseldorf). A 1-way ANOVA analy-
sis of 3 groups with a mean group size of 15, effect size of
0.5, and « of .05 achieved 85% statistical power.

RESULTS
Baseline Characteristics

In total, 1136 ACLRs were completed during the study col-
lection dates. Of these, 76 consecutive medial meniscal
tears after ACLR with residual rotational instability
were assessed for study eligibility (Figure 1). Ultimately,
47 patients (female, n = 17) were included in the final
analysis.

Baseline characteristics are summarized in Table 1. The
mean follow-up period after revision surgery was 30 = 7
months (range, 24-49 months) for the isolated LET group,
33.8 = 8.4 months (range, 24-53 months) for the rACLR +
LET group, and 36.6 = 11.2 months (range, 24-64 months)
for the rACLR group (P = .10). The mean duration between
initial and revision surgery was 23.5 = 11.8 months
(range, 5-45 months) for the isolated LET group, 26.5 =
18 months (range, 7-62 months) for the rACLR + LET
group, and 23.4 *= 16 months (range, 5-62 months) for
the rACLR group (P = .83).

Prior Surgical Status

All participants except 2 underwent hamstring tendon or
BPTB autograft for their initial ACLR, with no difference
in initial graft type between groups (P = .87) (Table 2). A
total of 24 (51%) participants underwent a concomitant
meniscal repair with their initial ACLR, with no difference
between groups (P = .60). While there was no difference in
preoperative pivot-shift grade between groups (P = .74),
the rACLR + LET group had more participants with a pos-
itive preoperative Lachman test compared to the other
groups (P = .01). There was no difference in the
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1136 ACLRs done during study period (2013-2023)

A,

A

Excluded: n= 1060
- Revision ACLR = 193
- No postoperative medial
meniscal tear = 867

76 consecutive medial meniscal tears after ACLR (2013-2023)

A

A

Excluded: n =21
- Grade 3 Lachman physical
examination: n = 8
- Complete ACLR rupture on
MRI:n=6
- Missing PROs: n=7

55 consecutive medial meniscal tears after ACLR (dates 2013-2023)

A

A

—>

8 patients excluded due to loss to
follow-up

47 cases inclu

ded in analysis

A

4

‘ Revision ACLR (n = 16)

| | RevisionACLR+ LET(@=12) | |

Isolated LET (n = 19)

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. ACLR, anterior cruciate ligament reconstruction;
LET, lateral extra-articular tenodesis; MRI, magnetic resonance imaging; PRO, patient-reported outcome.

preoperative Kellgren-Lawrence (KL) osteoarthritis grade
(P = .39); 31 (66%) participants had evidence of a partial
ACL graft injury on preoperative MRI, with no difference
between groups (P = .75).

Clinical Outcomes

Preoperative IKDC and Lysholm scores were lower in the
isolated LET group compared with the rACLR group
(IKDC: P = .02 [95% CI, —-15.9 to —1.0]; Lysholm: P = .01
[95% CI, —15.5 to —1.9]) (Figures 2 and 3). There was no dif-
ference in the preoperative Tegner scores between groups
(P = .61) (Figure 4). At 6 months after revision surgery,
the rACLR group had higher IKDC scores compared with
the rACLR + LET group (P = .0001; 95% CI, 5 to 18.3)
and higher Lysholm scores compared with both the rACLR
+ LET (P =.001; 95% CI, 4.4 to 18.4) and the isolated LET
groups (P =.001; 95% CI, 1.2 to 13.7). At 1 year after revi-
sion surgery, there were no differences in IKDC scores
between groups (P = .05), but the Lysholm score was lower
in the rACLR group compared with both the isolated LET

group (P = .017; 95% CI, 9.7 to —0.77) and the rACLR +
LET groups (P = .002; 95% CI, —12.3 to —2.2). At 2 years
after revision surgery, there were no differences in Tegner
scores between groups (P = .09). The rACLR group had
lower mean IKDC scores (86.1 = 6.6) compared with the
rACLR + LET group (mean 91.9 *+ 4.4, P = .009; 95% CI, —
10.4 to —1.2) and isolated LET group (mean 91.7 * 3.0, P =
.004; 95% CI, -9.7 to —1.6) and a lower Lysholm score (rACLR
mean 85.8 = 6.3) compared with the rACLR + LET group
(91.8 + 4.6, P = .03; 95% CI, —11.8 to —0.39) at 2 years after
revision surgery. There was no difference in PROs between
the isolated LET and rACLR + LET groups at 2 years after
revision surgery (P > .99). There was no difference in the
rate of return to sports (P = .10) or return to sports at the
same level (P = .06) between groups.

There was no difference in the number of meniscal
repairs between groups at the time of revision surgery (P
=.29). There was also no difference in graft type for rACLR
(P = .35). At the latest follow-up, there was no difference in
the KL grade between groups (P = .08), the number of
retears of the meniscus (P = .08), the number of rACLR
graft ruptures (P = .40) or other complications including
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TABLE 1
Baseline Characteristics®

Isolated LET

Revision ACLR +

Revision ACLR

(n=19) LET (n = 12) (n = 16) 95% CI P
Sex
Male 12 (63.2) 8 (66.7) 10 (62.5) .06
Female 7 (36.8) 4 (33.3) 6 (37.5)
Age, y, mean (SD) 23.8 (9.3) 24.6 (9.7) 23.5 (8.8) -9.3 to 7.7° .95
—7.5 to 8.1°
-9.9 to 7.7¢
Side
Left 11 (57.9) 7 (58.3) 7 (43.8)
Right 8 (42.1) 5 (41.7) 9 (56.3)
BMI, kg/m2, mean (SD) 24.3 (4.3) 24.1 (3.4) 25.6 (3.5) -3.3 t0 3.8° .53
—4.5 to 2.0°
-2.2to 5.1¢
Global ligamentous laxity 11 (57.9) 6 (50) 7 (43.8) 91
Beighton score, /9, mean (SD) 2.3 (2.5) 2.9 (2.6) 2.6 (2.6) -2.9 to 1.7° .78
—-2.4 to 1.8°
-2.8 to 2.1¢
High school athlete 6 (31.6) 3 (25) 6 (37.5) .78
College athlete 4(21.1) 4(33.3) 2 (12.5) 41
Follow-up, mo, mean (SD) 30 (7.0) 33.8 (8.4) 36.6 (11.2) -12.1 to 4.4° .10
-14.2 to 1.0°
—5.8 to 11.37
Time interval, mo, mean (SD) 23.5 (11.8) 26.5 (18.0) 23.4 (16.0) -16.8 to 10.7° .83
-12.6 to 12.7¢
~17.3 to 11.2¢

“Data are presented as n (%) unless otherwise indicated. ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; LET,
lateral extra-articular tenodesis. Global ligamentous laxity is defined as Beighton Score >4.

bConfidence interval between isolated LET and revision ACLR + LET groups.

“Confidence interval between isolated LET and revision ACLR groups.

9Confidence interval between revision ACLR + LET and revision ACLR groups.

painful hardware (P = .17), hematoma (P = .25), or arthro-
fibrosis (P = .52) (Table 3). Last, a postoperative pivot-shift
examination revealed a grade 1 result in 7 (44%) partici-
pants in the rACLR group, 1 (8%) participant in the rACLR
+ LET group and 2 (11%) participants in the isolated LET
group (P = .03).

DISCUSSION

The most important finding from this study was that there
was no difference in 2-year PROs after an isolated LET
compared with rACLR + LET when treating a grade >2
pivot-shift examination with new, symptomatic medial
meniscal tear after primary ACLR with an intact or par-
tially ruptured graft. Additionally, rACLR resulted in sig-
nificantly lower IKDC and Lysholm scores compared
with an rACLR + LET at the 2-year follow-up. Persistent
mild abnormality in knee kinematics after an ACLR is an
ongoing clinical problem despite advancements in recon-
struction techniques.>?! These findings suggest that an
LET, whether in addition to rACLR or in isolation, leads
to an improved pivot-shift examination and subjective out-
comes for persistently abnormal knee kinematics after pri-
mary ACLR. If an isolated LET avoids the added morbidity

of an rACLR including a higher reoperation rate and post-
operative complications while achieving the same or better
PROs, then it may be a practice-changing development.2°

Lateral extra-articular procedures were originally
described as an isolated treatment for an ACL-deficient
knee but fell out of favor due to inferior outcomes and
high rates of recurrent symptoms of instability.?>2® How-
ever, the improved rotational control and lower rerupture
rate after the addition of a modified Lemaire LET to an
ACLR led to a renewed interest in the indications for an
isolated LET.%!! Further, multiple studies showed equiva-
lent or superior PROs after an ACLR combined with a lat-
eral, extra-articular procedure compared with ACLR
alone.’®3%31 Perelli et al®*” showed improved kinematics
and subjective stability after an isolated LET in ACL-defi-
cient knees in patients aged >55 years. However, our
study is the first to report improved PROs after an isolated
LET in a young, athletic population with a residual grade
>2 pivot-shift examination after ACLR. This is a poten-
tially unique indication for an isolated LET, when the pri-
mary ACLR does not restore completely normal knee
kinematics but it is intact on imaging and arthroscopy
and may be at least partially functional.

ACL deficiency is a risk factor for subsequent medial
meniscal tear due to the secondary stabilizer role of the
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Prior Surgical Status®

Isolated LET

Revision ACLR +

Revision ACLR

(n=19) LET (n = 12) (n =16) P
Initial graft
Hamstring tendon 10 (52.6) 6 (50) 9 (56.3) .87
BPTB 8 (41.1) 5 (41.7) 7 (43.8)
Quadriceps 1(5.3) 1(8.3) 0 (0)
Previous meniscal repair 8 (42.1) 7 (58.3) 9 (56.3) .60
Medial 3(37.5) 2 (28.6) 4 (44.4)
Lateral 5 (62.5) 5(71.4) 5 (55.6)
Preoperative pivot shift
Normal 0(0) 0(0) 0(0) .74
1 0(0) 0(0) 0(0)
2 10 (52.6) 8 (66.7) 9 (56.3)
3 9 (47.4) 4(33.3) 7 (43.8)
Preoperative Lachman
Normal 9 (47.4) 0 (0) 5(31.3) .01°
0-5 mm 4 (21.1) 8 (66.7) 3 (18.8)
6-10 mm 6 (31.6) 4(33.3) 8 (50)
>10 mm 0(0) 0(0) 0(0)
Preoperative Kellgren-Lawrence grade
Normal 15 (78.9) 10 (83.3) 10 (62.5) .39
Mild JSN 4(21.1) 2 (16.7) 6 (37.5)
Mild JSN with osteophytes 0 (0) 0 (0) 0 (0)
JSN, osteophytes, sclerosis 0 (0) 0 (0) 0 (0)
Endstage degeneration 0 (0) 0 (0) 0 (0)
Preoperative partial ACL graft injury on MRI 12 (63.2) 9 (75) 10 (62.5) .75

“Data are presented as number (%) unless otherwise indicated. ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament recon-
struction; BPTB, bone—patellar tendon—bone; JSN, joint space narrowing; LET, lateral extra-articular tenodesis; MRI, magnetic resonance

imaging.

bSignificant difference, P < .05.
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Figure 2. Change in IKDC subjective score over time. Preop: before revision surgery; 6 months, 1 year, and 2 years: postoper-
ative time points; *Significant P < .05 compared with 1 other condition at time point. IKDC, International Knee Documentation
Committee; LET, lateral extra-articular tenodesis; Preop, preoperative; rACLR, revision anterior cruciate ligament reconstruction.
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Lysholm Scores Over Time
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Figure 3. Change in Lysholm score over time. Preop: before revision surgery; 6 months, 1 year, and 2 years: postoperative time
points; *Significant P < .05 compared with 1 other condition at time point; **Significant P < .05 compared with both other con-
ditions at time point. IKDC, International Knee Documentation Committee; LET, lateral extra-articular tenodesis; Preop, preoper-
ative; rACLR, revision anterior cruciate ligament reconstruction.
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Figure 4. Change in Tegner score over time. Preop: before revision surgery; 2 years: postoperative time point. LET, lateral extra-
articular tenodesis; rACLR, revision anterior cruciate ligament reconstruction.

meniscus in anterior knee translation.>>® ACLR within 6
months of injury decreases the risk of subsequent meniscal
tear but does not eliminate it completely.'® Our study iden-
tified and focused on the group of individuals with a subse-
quent, symptomatic medial meniscal tear after ACLR
suggestive of persistently mildly abnormal knee kinemat-
ics. Medial meniscal repair improves anterior tibial trans-
lation compared with tear resection.'? In our study, there
was no difference in the number of meniscal repairs
between groups at the time of revision surgery (P = .29)
and no difference in the number of retears of the meniscus

(P = .08) after revision surgery. These findings suggest
that an isolated LET after ACLR with a grade >2 pivot-
shift examination is sufficient to restore rotational stabil-
ity and avoid further meniscal injury while maintaining
equal or superior rates of return to sports.

A persistent pivot shift is associated with symptomatic
instability after ACLR.%-2935:36 Risk factors for a persistent
pivot shift include high-grade preoperative pivot shift
under anesthesia and knee hyperextension.?® There was
no difference in preoperative pivot shift between groups
in our study, but notably all patients included in this study
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TABLE 3
Revision Surgery and Outcomes®
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Isolated LET

Revision ACLR +

Revision ACLR

(n=19) LET (n = 12) (n = 16) P

Revision ACLR graft

Hamstring tendon 0 (0) 0 (0) .35

BPTB 3 (25) 6 (37.5)

Quadriceps 6 (50) 9 (56.3)

Allograft 3 (25) 1(6.3)
Medial meniscal surgery

Repair 17 (89.5) 10 (83.3) 11 (68.8) .29

Partial meniscectomy 2 (10.5) 2 (16.7) 5(31.2)
Recurrent meniscal tear after revision 1(5.3) 1(8.3) 5(31.3) .08
Recurrent ACL graft tear 1(5.3) 0 (0) 2 (12.5) .40
Postoperative pivot shift

Normal 17 (89.5) 11 (91.7) 9 (56.3) .03°

1 2 (10.5) 1(8.3) 7 (43.8)

2 0(0) 0 (0) 0(0)

3 0 (0) 0 (0) 0(0)
Postoperative hematoma 3 (15.8) 1(8.3) 0 (0) .25
Postoperative arthrofibrosis 2 (10.5) 2 (16.7) 4 (25) .52
Painful hardware 1(5.3) 0 (0) 3(18.8) 17
Postoperative Kellgren-Lawrence grade

Normal 13 (68.4) 10 (83.3) 8 (50) .08

Mild JSN 3(15.8) 1(8.3) 3(18.8)

Mild JSN with osteophytes 3(15.8) 1(8.3) 5(31.3)

JSN, osteophytes, sclerosis 0 (0) 0 (0) 0 (0)

End-stage degeneration 0 (0) 0 (0) 0 (0)
Preoperative partial ACL graft injury on MRI 12 (63.2) 9 (75) 10 (62.5) .75
Return to sports 10 (52.6) 5 (41.7) 6 (37.5) 0.10
Return to sports at same level 9(474) 4 (33.3) 4 (25.0) 0.06

“Data are presented as n (%) unless otherwise indicated. ACL, anterior cruciate ligament; ACLR, ACL reconstruction; BPTB, bone—patel-
lar tendon-bone; JSN, joint space narrowing; LET, lateral extra-articular tenodesis; MRI, magnetic resonance imaging.

bSignificant difference, P < .05.

had at least a grade 2 examination. Although the pivot
shift is examiner dependent and its accuracy in the context
of partial ACL tears is only 68%,® the senior author com-
pleted all examinations to improve consistency and reli-
ability. We found a greater rate of postoperative grade 1
pivot shift in the rACLR group (7 patients; 44%) compared
with 1 patient (8%) after rACLR + LET and 2 patients
(11%) after isolated LET, respectively. Our data suggest
that the addition of an LET to a previous ACLR, or concom-
itantly with rACLR, improves the postoperative pivot shift.
This is in line with previous findings that showed
decreased tibial internal rotation after an LET in clinical
and laboratory-based settings."?>2432 While the LET
seemed to be the common factor to improve the pivot-shift
examination, it was not the primary outcome of interest
and deserves further study.

Abnormal pivot-shift examination after ACLR is associ-
ated with reduced athletic career length, inferior Lysholm
scores, and higher risk of rACLR.%>1* Ten (52.6%) of the
patients in the isolated LET group returned to sports com-
pared with 5 (41.7%) and 6 (37.5%) in the rACLR + LET
and rACLR groups, respectively (P = .10) Similarly,
9 (47.4%) patients in the isolated LET group returned
to sports at the same level compared with 4 in the rACLR

+ LET (33.3%) and rACLR (25.0%) groups, respectively (P
= .06). Improved outcomes after an isolated LET may be
attributed to the limited morbidity of this procedure com-
pared with an rACLR. Since the majority of ACL reinju-
ries after ACLR occur early after return to sports and
within 2 years of operative intervention, our findings pro-
vide insight regarding a high-risk period for reinjury after
ACLR.?® Given these findings, we hypothesized that the
addition of an LET would improve the return to sports
rate and career longevity among athletes with persistent
mildly abnormal knee kinematics after primary ACLR.

Limitations

The retrospective nature, small cohort size, and involve-
ment of a single surgeon limited the statistical strength
and external validity of this study. While we found no dif-
ference in the initial or rACLR graft type between groups,
both variables included multiple graft sources, which may
have introduced confounding. It is well documented that
allograft has a 4 times—higher rerupture rate than auto-
graft for ACLR, and although only 1 participant in the
rACLR group and 3 in the rACLR + LET group underwent
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an allograft rACLR, it is possible that this affected the
study outcomes.'® Additionally, results of a subgroup anal-
ysis to compare the initial ACLR graft type in each group of
this study would be underpowered and unreliable. The
medial meniscal tear patterns were not recorded and could
have differed between groups. Although no 2 meniscal
tears are the same, it is likely that tear pattern, size, loca-
tion, tissue quality, and chronicity all play a role in the
amount of stability lost when a meniscal tear is present.
Additionally, 9 patients underwent a medial meniscal
repair during the initial ACLR, and it is possible that
some of these patients presented with failure of meniscal
healing rather than a new meniscal tear. However, there
was no difference in the number of patients who under-
went a medial meniscal repair during the initial ACLR
between the 3 groups. Another limitation was that the fol-
low-up period was only 2 years; therefore, we could not
make conclusions about the long-term outcomes or robust-
ness of an isolated LET to maintain an improved pivot-
shift examination or PROs after an initial ACLR with per-
sistent mildly abnormal knee kinematics and a new medial
meniscal tear. Since no time to return to sports was
recorded for participants, we could not make definitive con-
clusions about why at 6 months postoperatively the rACLR
group demonstrated the best PROs, but at 1- and 2-year fol-
low-up points the results flipped and the rACLR group dem-
onstrated the worst PROs. However, it is possible that the
isolated LET group was cleared for return to sports earlier
than the other 2 groups, which resulted in a small initial
increase in pain and swelling associated with increased
activity in the isolated LET group at that time. Finally,
the subjective nature and moderate interrater reliability
(IRR) of the Lachman and pivot-shift physical examination
maneuvers (IRR, 0.45 and 0.53, respectively this is pre-
existing evidence, not findings of the current study) limits
the reliability of these outcomes.”?® Further, since the
senior author was not blinded to the treatment during post-
operative physical examination, there was a risk of confir-
mation bias for the associated outcomes. Future analysis
may benefit from computer navigation or accelerometer
use for kinematic and stability assessment to increase the
objectivity and reliability of the results.®2!

Future Directions

A prospective, multicenter randomized controlled trial
with an adequately powered sample and long-term, objec-
tive outcomes such as reinjury rate that compares rACLR,
rACLR + LET, and isolated LET to treat a grade >2 pivot-
shift examination after a primary ACLR with a new, symp-
tomatic meniscal tear and intact or partially torn graft
would guide future surgeon practice patterns. Addition-
ally, an adequately powered subgroup analysis to compare
the initial ACLR graft types would provide insight as to
whether the initial graft type affects PROs or postoperative
graft failure in this clinical scenario. In the meantime, sur-
geons must use the evidence available in combination with
the specific clinical scenario and their clinical acumen to
decide when an LET is indicated in the revision setting
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after ACLR with residual rotational instability and a possi-
ble meniscal tear.

CONCLUSION

In patients with a grade >2 pivot-shift examination after
an ACLR with an intact or partially torn graft and
a new, symptomatic medial meniscal tear, the addition of
an LET with or without rACLR led to improved PROs com-
pared with an isolated rACLR. An isolated LET in this
patient population should be considered an acceptable
treatment option.
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