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Background: There is no consensus regarding the appropriate indications for the addition of lateral extra-articular tenodesis
(LET) to anterior cruciate ligament (ACL) reconstruction (ACLR).

Purpose: To determine if incomplete correction of the pivot shift during ACLR is an appropriate intraoperative indication to add
the LET, in terms of clinical outcome.

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

Methods: From January 2018, incomplete correction of the pivot shift relative to the contralateral knee was used as the indication to
add LET to ACLR. Patients presenting before this date comprised group A and those after group B. Study criteria included first-ever
ACL rupture, participating in pivoting sports, no other significant ligament injury, and surgery within 3 months of injury. Outcomes of
interest were recurrent instability, meniscal tears, and patient-reported outcome measures (PROMs): Tegner activity score (TAS),
Knee injury and Osteoarthritis Outcome Score subscales for sport and recreation (sport/rec) and knee-related quality of life, sub-
jective International Knee Documentation Committee score, and Lysholm knee score. Statistical analysis was performed.

Results: Group A (2258 patients; 51% male) and group B (2497 patients; 58% male) were similar regarding age, body mass index,
knee dominance, time to surgery, graft diameter, and preinjury TAS (P . .05). Group A had a lower male-to-female ratio (P \ .05)
and lower posterior tibial slope (P = .01). After 2 years, group A had a higher incidence of ACL rerupture than group B (101/2258
[4.5%] vs 75/2497 [3%]; P = .01), with a significant sex and group interaction (P = .04). Males in group A (4.4%) had a higher
rate of recurrence than males in group B (2.4%) at 2 years (P = .03), while in females the rate of recurrence was similar (4.5% vs
3.8%; P = .42). Group A had a higher incidence of experiencing a subsequent ipsilateral meniscal tear (58/2258 [2.6%] vs 35/
2497 [1.4%]; P = .02). All PROMs were similar (P . .05). Pivot-shift grade before surgery did not correlate with risk of recurrence
(P = .991). Uncorrected residual pivot shift was associated with a higher ACL graft rupture rate (P \ .001).

Conclusion: Using incomplete correction of the pivot shift during ACL surgery as the primary indication to perform LET is asso-
ciated with lower rates of recurrent ACL rupture, and ipsilateral meniscal tears. Pivot-shift grade before surgery was not associ-
ated with risk of recurrence, while residual pivot shift after surgery was.
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The goal of treating anterior cruciate ligament (ACL) rup-
ture is to restore normal stable function to the knee, and
the most pragmatic clinical test available for functional
instability is the pivot-shift test, although it is not abso-
lutely reliable.2,17,18,35 Persistent rotational instability
after ACL reconstruction (ACLR) is one of the main causes
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of inferior outcomes and recurrent ACL rupture.2,19,20 In
the presence of an isolated ACL rupture, ACLR can restore
stability to the knee.26,29,30 However, there is magnetic res-
onance imaging (MRI) evidence of some damage to the
anterolateral complex (ALC) in up to 96% of acute ACL
ruptures.23 ALC damage is associated with a higher grade
of pivot shift when associated with an ACL rup-
ture,6,17,19,20,39 and incomplete correction of the pivot shift
is associated with an increased risk of recurrent ACL rup-
ture.11,12 The most appropriate goal of surgery may be cor-
rection of the pivot shift, and failure to achieve this is
associated with an increased risk of recurrent ACL
rupture.7,35,38,39

Over the last 10 years, there has been growing interest in
the use of procedures that repair or reconstruct components
of the ALC to augment the function of the reconstructed
ACL and reduce the risk of recurrent injuries.7,10,11,25,28,29

The decision to add a lateral extra-articular tenodesis
(LET) is sometimes made before surgery based on both
patient and injury factors, rather than on the inadequacy
of the ACLR to stabilize the injured knee.11 This adjunctive
procedure has been shown to be able to improve clinical out-
comes after primary and revision ACLR.35,36 When the LET
technique used in the current study was first described in
the literature, the concept of using the presence of a residual
asymmetric pivot shift at the time of surgery, immediately
after the ACLR, as the primary indication to perform the
tenodesis was also introduced.36

These previous studies suggest that a residual pivot
shift at the time of ACLR may be an appropriate primary
indication to add the LET and may select those patients
in whom it may be beneficial and thus reduce the risk of
recurrent ACL rupture overall.

The goals of the current study were to determine if the
practice of adding the LET to knees undergoing an ACLR
when there is a residual pivot shift is associated with
improved clinical outcomes in terms of recurrent instabil-
ity, meniscal tears, and patient-reported outcome meas-
ures (PROMs); if a high-grade pivot shift in the injured
knee before surgery correlated with the risk of ACL graft
rupture; and if the presence of a persistent asymmetric
pivot shift after ACLR is associated with an increased
risk of recurrent ACL rupture.

METHODS

A retrospective review of prospectively collected data from
patients satisfying the study criteria detailed in Table 1
was performed. The diagnostic signs for an ACL rupture
in all patients were grade 3 on the Lachman test and

a pivot shift of at least 1 grade higher than the contralat-
eral uninjured knee. The pivot-shift test was performed
in a standard manner and graded as 0 (none), 1 (glide), 2
(clunk), or 3 (gross).8,15

All MRI studies were performed on a 3-T magnet MRI
machine (Siemens) with standard sequences and images
reported on by radiologists with a subspecialist interest
in musculoskeletal medicine. The lateral posterior tibial
slope (PTS) was also measured as described in the litera-
ture by Hudek et al.16

On the basis of research published in January 2018, the
senior author (M.P.) introduced the policy of adding an
LET procedure to an ACLR at the time of surgery if, on
reexamination of the knee immediately after completion
of the ACL graft fixation, there was a residual pivot shift
of at least 1 grade higher than the contralateral uninjured
knee. Group A patients were those who presented between
January 2013 and December 2017, before the introduction
of the use of the LET to correct a residual pivot shift, and
group B patients presented after this, between January
2018 and December 2022. No patient in group A had either
any form of anterolateral ligament reconstruction or LET
performed.

This study was cleared by the research approval author-
ity at our institution.

Surgical Technique

Under general anesthesia, both knees were examined and
the grade of pivot shifts was recorded for both knees. A
standard knee arthroscopy was performed. Any meniscal
tear was repaired if possible; otherwise, a partial meniscec-
tomy was performed. After confirmation of ACL rupture,
the ACLR was performed using tunnel placement and
aperture fixation in a manner shown to maximize control
of the pivot shift, but ensuring there was no graft impinge-
ment on full extension.32,33 The femoral tunnel was drilled
using a transportal inside-out technique. Double fixation
was used on the femoral side (ACL button, Arthrex; Bio-
RCI HA, Smith & Nephew) and only interference screw fix-
ation on the tibial side (BioRCI HA). The autologous
hamstring graft was tripled or quadrupled to produce
a graft with a minimum diameter of 8 mm and minimum
length of 12 cm. This single-bundle surgical technique
used for the ACLR did not change over the study period.
After secure graft fixation, the pivot-shift test was
repeated, graded, and recorded. In group A, no further sur-
gery was performed on any patient. In group B, if the pivot
shift was �1 grade higher than the uninjured contralateral
knee, the LET was added. The technique used by the
author is depicted in Figure 1 and is the same as that
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described in detail in the literature.34-36 An open technique
is used to harvest a 15 to 20 cm–long strip of the iliotibial
band (ITB), 5 to 10 mm in diameter, left attached at its tib-
ial insertion. It is looped around the proximal lateral collat-
eral ligament from superficial to deep and then passed into
a bone tunnel at the tubercle of Gerdy. The lead suture
attached to the strip of ITB is passed through the medial
tibial cortex near the site of graft harvest, and the tension
is adjusted until the pivot shift is the same grade as that of
the uninjured knee but without restricting knee move-
ment, before fixation with a third interference screw (Bio-
RCI HA). The defect in the ITB is then closed.

All patients followed a standard physical therapy proto-
col, which did not change over the study period. Those with
no meniscal repair were allowed to bear weight as toler-
ated after surgery. Patients were evaluated 8 to 12 days
postsurgery to check the wounds. Thereafter, a formal
standardized physical therapy protocol began, with no
twisting or pivoting permitted until at least 6 months post-
surgery. Full return to sport was 9 months postsurgery on

satisfying all return-to-play criteria. If a meniscal repair
was performed, the patient was placed in a brace for 6
weeks postsurgery, with no flexion beyond 90� for 4 weeks,
and weightbearing limited to up to 50% body weight for 4
weeks. Thereafter, full flexion and full weightbearing
were introduced gradually.

Patients were routinely reviewed at 6 weeks, 6 months,
12 months, and 24 months after surgery, and at any time if
they experienced instability, mechanical symptoms, sys-
temic symptoms, or other concerns.

Outcomes of Interest

Primary Outcome Measures. Recurrent ACL rupture
was confirmed with both clinical assessment (grade 3 on
the Lachman test and a positive pivot-shift test) and repeat
MRI studies to reduce potential bias. Meniscal tears were
suspected based on clinical features (locking/catching
symptoms, effusion, joint line tenderness, and positive

Figure 1. Lateral extra-articular tenodesis technique used by the author. ITB, iliotibial band; LCL, lateral collateral ligament.

TABLE 1
Inclusion and Exclusion Criteria for Patient Recruitmenta

Inclusion Criteria Exclusion Criteria

Primary ACL rupture—grade 3 on Lachman test with no endpoint, positive
pivot-shift test, MRI-diagnosed ACL rupture and confirmed at arthroscopy

Other ligament injury greater than grade 1
Follow-up data at 2 y postsurgery not complete

Surgery performed within 3 mo of injury Previous ACL injury in either knee
Single-bundle ACL reconstruction technique using ipsilateral autologous

hamstring graft (semitendinosus and gracilis)
Rheumatoid arthritis, connective tissue disease, GLL,

or autoimmune disease

aACL, anterior cruciate ligament; GLL, generalized ligamentous laxity; MRI, magnetic resonance imaging.
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McMurray test) and MRI signs of a meniscal tear. A
second-look arthroscopy was performed to confirm the
diagnoses and then revise the ACLR and/or treat the
meniscal injury if required.

Secondary Outcome Measures. The following validated
PROMs were used, with their minimal clinically important
difference in parentheses: Tegner activity score (TAS; 1
point),4,5 Knee injury and Osteoarthritis Outcome Score
(KOOS) sport and recreation (sport/rec) and knee-related
quality of life (QoL) subscales (10 points),37 subjective
International Knee Documentation Committee (IKDC)
score (5 points),1 and Lysholm knee score (8.9 points).4,5

PROMs were recorded at baseline and 24 months. For
those patients who sustained a recurrent ACL injury, the
scores were not included in the final analysis, as the pre-
cipitous fall in scores after ACL re-reinjury would have
biased the outcome against the group with a higher rate
of recurrent ACL rupture. Patients completed the PROMs
on their own to reduce the risk of bias. The occurrence of
any complication related to surgery was also noted.

Statistical Analysis

The goal of statistical analysis was to test the study’s pri-
mary hypothesis that using the presence of a residual pivot
shift as the indication to perform the addition of the LET to
an ACLR, versus not using this indication, would reduce
the risk recurrence of ACL rupture. Secondary outcomes
of interest included the influence of the addition of the
LET on the risk of contralateral knee injuries (ACL rup-
ture and meniscal tears), and PROMs over a period of 2
years.

The 2 groups were compared regarding baseline charac-
teristics. Categorical data (male-to-female ratios, meniscal
tears, limb dominance) were compared using chi-square
tests. Continuous variables (age, body mass index [BMI],
PTS, and time to surgery) were compared using analysis
of variance and generalized linear models. Discrete data
(preinjury TAS and ACL graft diameter) were compared
using parametric and nonparametric approaches.

In addition to descriptive statistics, the analyses were
split into 2 methods. The first approach used individual
record data to test differences in PROMs between those
in group A and those in group B at baseline and 2 years
postsurgery. Multivariate general linear models were
used to address multiple testing of the quality of life meas-
ures (PROMs) to reduce type 1 error. Baseline and change
models at 2 years postsurgery were tested. Models were
adjusted for age, sex, BMI, and pivot shift. Analyses of var-
iance of between-patient effects were used in association
with the multivariate Wilk lambda.

The second method used aggregated data in weighted
generalized linear models with a binary logistic response
type to compare the 2 groups. The binary outcome was
recurrence of instability within 2 years. Other indicators
considered were pivot-shift grade, while adjusting for sex
and grade of pivot shift before surgery. The type 3 Wald
chi-square test and associated confidence intervals were
used for model effects analysis.

The type 3 Wald chi-square test of model effects and
cross-tabulation were used to determine if there was differ-
ence in the risk of recurrent ACL rupture in those patients
within group A with a residual pivot after the ACLR, ver-
sus those without.

The type 3 Wald chi-square test of model effects and
cross-tabulation were used to determine if there was an
association between the grade of pivot shift before surgery
and the risk of recurrent instability in both groups A and
B, correcting for sex.

Conditional multivariate general linear models were
used to compare the groups regarding changes in PROMs
over time. The Wilcoxon rank-sum test was used to com-
pare the TAS at 2 years postsurgery.

SPSS Version 29 software was used to conduct the anal-
yses. Two-sided P values \.05 were considered significant
in support of research hypotheses.

RESULTS

The data from 4755 patients satisfied the inclusion crite-
ria, and Figure 2 is a flowchart following patients through
the study. Table 2 details the baseline characteristics of
these patients, with the results of statistical analysis com-
paring the groups.

Recurrent ACL Rupture and Meniscal Tears

There were 2258 patients in group A (51% male) and 2497
in group B (58% male). The groups were similar regarding
age, BMI, baseline TAS, time to surgery, dominance of the
injured knee, incidence of meniscal injuries, and graft size
(P = .1 to .95). The baseline characteristics were recorded
on initial presentation to the surgeon and the intraopera-
tive findings at the time of surgery. The baseline TAS
referred to the activity level immediately before the knee
injury. There was a higher percentage of male patients in
group B relative to group A (58% vs 51%; P \ .05), and
group B had a greater mean PTS (10� [SD, 1.4�] vs 9.6�
[SD, 1.0�]; P \ .001) (Table 2).

After adjusting for sex, group A had a significantly
higher rate of recurrent ACL rupture than group B at
24 months (101/2258 [4.5%] vs 75/2497 [3%]; P = .01).
There was a significant sex and group interaction (P =
.04), with males in group A (4.4%) having a greater rate
of recurrence than males in group B (2.4%) at 2 years (P
= .03), while in females the rate of recurrence in group
A (4.5%) was similar to that in group B (3.8%) (P = .42)
(Table 3).

After adjusting for sex, group A had a higher rate of
subsequent meniscal tears at 24 months relative to group
B (58/2258 [2.6%] vs 35/2497 [1.4%]; P = .02). The number
of meniscal tears was too small to allow medial and lateral
meniscal tears to be analyzed separately (Table 3).

After adjusting for sex, group A was not significantly
different in the rate of either contralateral ACL rupture
(4.6% vs 4.9%; P = .63) or contralateral meniscal tears
(0.7% vs 0.6%; P = .37) relative to group B at 24 months.
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There was a significantly higher risk of recurrent ACL
rupture in those patients within group A with a residual
pivot after the ACLR versus those without (11% vs 3.5%;
P \ .001), and this was independent of sex (Table 4). In
both groups A and B, the grade of pivot shift before surgery
was not associated with the risk of recurrent ACL rupture
(P = .991). However, on subgroup analysis, males in group
A with a grade 3 pivot shift before surgery did have an
increased risk of recurrence (6/101; 6%) relative to those
with a grade 1 (25/590; 4.2%) or grade 2 (20/456; 4.4%) pivot

shift (P = .04) (Table 5). This was not seen in group B or
when groups A and B were combined. Within group B, the
rate of recurrent ACL rupture was similar in patients
with or without the addition of the LET (P = .83) (Table 6).

There were no patients in whom the clinical and MRI
diagnosis of recurrent ACL did not correlate with arthro-
scopic findings.

TABLE 3
Recurrent ACL Ruptures, Contralateral ACL
Ruptures, and Meniscal Injuries in Groups A

and B at 2 Years Postsurgerya

Group A Group B P Value

No. of patients 2258 2497
Male, % 51 58

Recurrent ACL rupture 101 (4.5) 75 (3.0) .01
Male 51 (4.4) 35 (2.4) .03
Female 50 (4.5) 40 (3.8) .42

Ipsilateral meniscal tear 58 (2.6) 35 (1.4) .02
Male 31 (2.7) 19 (1.3) .01
Female 27 (2.4) 16 (1.5) .13

Contralateral ACL rupture 106 (4.6) 123 (4.9) .63
Male 52 (4.5) 59 (4.1) .53
Female 54 (4.9) 64 (6.1) .31

Contralateral meniscal tear 16 (0.7) 14 (0.6) .37
Male 9 (0.8) 8 (0.6) .34
Female 7 (0.6) 6 (0.6) .75

aData are presented as n (%) unless otherwise indicated. Bold-
face type indicates statistical significance. ACL, anterior cruciate
ligament.

TABLE 2
Baseline Characteristics of Groups A and B,

With Statistical Comparisona

Group A Group B P Value

No. of patients 2258 2497
Male, % 51 58 \.05
Mean age, y 26.4 (7.8) 25.5 (6.1) .1
Mean BMI 21.5 (1.9) 21.4 (2.3) .1
Mean PTS, deg 9.6 (1.0) 10 (1.4) .01
Dominant knee, % 45 43 .3
Median TAS preinjury 8 (7-10) 8 (6-10) .7
Median time to surgery, days 17 (2-42) 18 (2-38) .6
Median ACL graft size, mm 9 (8-12) 9 (8-11) .95

aMeans are given with SD and medians with range. Boldface
type indicates statistical significance. BMI, body mass index;
PTS, posterior tibial slope; TAS, Tegner activity score. Group A,
patients undergoing ACL reconstruction only; Group B, patients
undergoing ACL reconstruction and the addition of LET if
indicated.

Follow-up
at 2 years

Primary ACL
reconstructions

satisfying inclusion
criteria, n = 4755

Group B: ACLR +/- LET, 

n = 2497

Male:female = 1457:1040

Group A: ACLR only

n = 2258

Male:female = 1147:1111

ACLR = 2107
Male:female = 1325:782

Recurrent instability,

n = 64 (3%)

ACLR + LET, n = 390
Male:female =134:256

Recurrent instability, 

n =11 (2.8%)

ACLR = 2258
Recurrent instability, 

n = 101 (4.4%)

Figure 2. Flow diagram showing patient groups and follow-up. ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament
reconstruction; LET, lateral extra-articular tenodesis.
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The risk of recurrence in the subgroups with or without
a residual pivot shift within group A were compared using
a 2-sided chi-square test for all patients, male patients,
and female patients.

Patient-Reported Outcome Measures

The patients in both groups A and B had significant
improvements in all PROMs between baseline at 2 years

TABLE 5
Incidence of Recurrent ACL Rupture by Grade of Pivot Shift Before Surgery in Groups A and Ba

Pivot-Shift Grade Recurrence Stable Total Recurrence, % P Value

Group A
Male

1 25 565 590 4.2 .08
2 20 436 456 4.4 .16
3 6 95 101 5.9 .04
Total 51 1096 1147 4.4 .005

Female
1 16 341 357 4.5 .62
2 24 508 532 4.5 .99
3 10 212 222 4.5 .84
Total 50 1061 1111 4.5 .46

Male and female
1 41 906 947 4.3 .89
2 44 944 988 4.5 .89
3 16 307 323 5.0 .63
Total 101 2157 2258 4.5 .009

Group B
Male

1 15 615 630 2.4 .08
2 17 616 633 2.7 .16
3 3 191 194 1.5 .04
Total 35 1422 1457 2.4 .005

Female
1 16 405 421 3.8 .62
2 16 406 422 3.8 .60
3 8 189 197 4.1 .84
Total 40 1000 1040 3.8 .46

Male and female
1 31 1020 1051 2.9 .11
2 33 1022 1055 3.1 .81
3 11 380 391 2.8 .91
Total 75 2422 2497 3.0 .009

aData are presented as number of patients unless otherwise indicated. Boldface type indicates statistical significance. ACL, anterior cru-
ciate ligament.

TABLE 4
Group A Patients Subgrouped Into Patients With and Without an Uncorrected Residual

Pivot Shift After Their ACL Reconstruction at the Time of Surgerya

No Pivot Shift Residual Pivot Shift Total P Value

No. of patients 1977 (88) 281 (12) 2258 (100) —
Male 1021 126 1147 —
Female 956 155 1111 —

Recurrence 70 (3.5) 31 (11) 101 (4.5) \.001
Male 34 (3.3) 15 (12) 49 (4.3) \.001
Female 36 (3.8) 16 (10) 52 (4.7) \.001

aData are presented as n (%) unless otherwise indicated. Boldface type indicates statistical significance. ACL, anterior cruciate ligament.
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after surgery (P \ .001). In group A, the IKDC score was
51.4 (SD, 6.5) at baseline versus 90 (SD, 6.3) at 2 years;
KOOS sport/rec, 60.1 (SD, 6.7) versus 87.8 (SD, 8.1);
KOOS QoL, 58.5 (SD, 8.0) versus 91.8 (SD, 4.3); and
Lysholm knee score, 56.4 (6.3) versus 93.0 (4.4). In group
B, the IKDC score was 51.3 (SD, 6.5) versus 89.0 (SD,
6.7), KOOS sport/rec, 61.0 (SD, 6.6) versus 87.1 (SD, 7.6);
KOOS QoL, 57.8 (SD, 8.1) versus 92 (SD, 4.7); and Lysholm
knee score, 57 (SD, 6.6) versus 94 (SD, 4.9). There were no
differences between the groups regarding improvement in
scores over time (P = .91-.96). TAS values at 2 years were
also similar in both groups at 2 years (group A: median,
8 [range, 6-10] vs group B: median, 8 [range, 6-10]; P = .95).

Complications

Septic arthritis occurred in 1 patient in group A and 2
patients in group B, and all were treated with arthroscopic
lavage and debridement, in conjunction with 48 hours of
intravenous antibiotics and then oral antibiotics for 6
weeks. None of these patients had an LET performed,
and the ACL graft was preserved in all cases. Group A
had 3 cases of arthrofibrosis and 1 case of cyclops lesion,
and group B had 1 case of arthrofibrosis and 1 case of
cyclops lesion, all of which were managed with arthro-
scopic debridement and made a complete recovery.

DISCUSSION

The main finding in this study was that using the presence
of a residual asymmetric pivot shift found on intraopera-
tive reexamination of the knee immediately after the per-
formance of an ACLR as the indication to add an LET at
the time of surgery is associated with a significant reduc-
tion in recurrent ACL rupture in the population of patients
undergoing ACLR when followed up for 2 years. The reduc-
tion in recurrent ACL rupture was more significant in
males but not in females, when sex-specific analyses
were performed.

The LET was indicated in 16% of all patients evaluated
with an ACL injury. The grade of pivot shift before surgery
was not associated with the risk of recurrent ACL rupture,

while the presence of a residual asymmetric pivot shift left
uncorrected after ACLR was associated with a higher risk
of recurrence. Males with a high-grade pivot shift before
surgery may be a subgroup most likely to benefit from aug-
mentation of the ACLR with the LET. The risk of recurrent
ACL rupture was similar in those patients with and with-
out the addition of the LET, if the pivot shift was corrected.
The use of the presence of a residual asymmetric pivot shift
as the indication to add the LET did not significantly influ-
ence any of the PROMs, nor was it associated with an
increased risk of complications.

Although multiple factors influence the decision to
return to sport, there is a large variation in success rates
after ACLR, and 50% to 90% patients return to their previ-
ous level of sports participation after an ACLR.9,34-36 Sup-
plementary LET procedures are not required for most
patients undergoing ACLR but may be indicated in some.
The indiscriminate use of LET may not be cost-effective,
and the use of a staple for femoral fixation with some
LET techniques is associated with an increased risk of
hardware irritation and/or damage to the femoral tunnel
necessitating staple removal.11,27

Even in the presence a grade 3 pivot shift, laboratory
studies have shown that isolated ACLR can correct the
pivot shift,30 but when there is significant damage to the
ALC of the knee, an isolated ACLR is not able to restore
rotational stability, while the addition of an ALC recon-
structive procedure is.3,10,28,29,31

In this study, we found that one group most likely to
benefit from the use of an LET may be males with a high
grade of pivot shift before surgery. Multiple indications
have been proposed for the addition of an ALC procedure
to ACLR, including female athletes, soccer players, elite
athletes, inherent ligamentous laxity, increased PTS,
high-grade pivot shift, revision ACLR, meniscal root tears,
complete or subtotal meniscectomy, and chronic ACL defi-
ciency.3,12,22 Many of these indications are based on
patient and injury factors and the decision made before
surgery, rather than on the effectiveness of the ACLR per-
formed in restoring stability in that particular knee. Labo-
ratory research has shown that when the ACL injury is
isolated, an appropriately performed ACLR can restore
stability even in the presence of a grade 3 pivot shift in
vitro.30 Often, injury to the ACL is not isolated, with
some damage to the ALC being present in most cases.23

The presence of damage to components of the ALC has
been associated with an inferior outcome if an isolated
ACLR is performed.39 Meniscal tears may also contribute
to the severity of the anterolateral rotatory instability
(ALRI) and thus the grade of pivot.17 There may be .1 fac-
tor contributing to the ALRI, and some of these factors may
heal naturally.21 The complex interaction of these various
contributory factors is not fully understood, but their com-
bined influence may manifest in the severity of the ALRI
and thus the grade of pivot shift.40,41 The grade of pivot
shift correlates well with functional outcome after surgical
stabilization and remains the most practical measure of
ALRI.2,8,20,24 For this reason, we believe that correction
of the pivot shift is the most appropriate intraoperative
measure of technical success after surgical stabilization

TABLE 6
Group B Patients With and Without the LET, Comparison

of Recurrence Rates, and Meniscal Tearsa

ACL ACL 1 LET Total P Value

No. of patients 2107 (84) 390 (16) 2497 (100)
Male 1325 (63) 134 (34) 1459 (58)
Female 782 (37) 256 (66) 1038 (42)

Recurrence 64 (3.0) 11 (2.8) 75 (3) .83
Male 31 (2.3) 4 (3.0) 35 (2.4) .61
Female 33 (4.2) 7 (2.7) 40 (3.8) .28

aData are presented as n (%) unless otherwise indicated. ACL,
anterior cruciate ligament; LET, lateral extra-articular tenodesis.
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of the ACL-injured knee. Research has found that both
anterolateral ligament reconstruction and LET are effec-
tive in improving the outcomes after ACLR, likely due to
their similar effect in improving rotational stability.28

The STABILITY study found that the use of an LET can
reduce the risk of clinical failure after ACLR from 40% to
25% in patients they defined as having a high risk of recur-
rent ACL rupture on the basis of having at least 2 of the
following 3 criteria: 1) participation in competitive pivoting
sports, 2) presence of grade 2 pivot shift or greater, and/or
3) generalized ligamentous laxity (Beighton score of at
least 4) or genu recurvatum .10�.11 The 40% failure rate
within 2 years in their study is much higher than that in
our highest-risk subgroup undergoing isolated ACLR,
which was 12% over 2 years in males with a residual pivot
shift. Their failure rate of 25% in those patients undergo-
ing ACLR 1 LET is also much higher than the highest
failure rate in our subgroup, with our highest failure rate
after ACLR 1 LET being 3.0% over 2 years. The lower fail-
ure rates we found may reflect the fact that their study
involved multiple surgeons, with variable levels of techni-
cal proficiency and experience. The femoral fixation used
in the STABILITY study was suspensory fixation, while
the technique used in the current study added femoral
interference screw fixation. The latter has been shown in
a single in vivo computer navigation study to improve rota-
tional control relative to suspensory fixation.33 It is possi-
ble that the LET procedure may contribute more to knee
stability in the setting of an ACLR, which is performed
in a manner that does not maximally control the pivot
shift. It is of interest that the STABILITY study defined
failure of ACLR as the presence of a positive pivot shift
in the follow-up period, and our study supports the use of
incomplete correction of the pivot shift at the time of sur-
gery as the indication to add the LET to correct this resid-
ual pivot shift when present. Also of interest, Helito et al14

performed a study in which they added an LET procedure
to knees with a degree of ongoing instability, defined as the
presence of a positive pivot shift, and found that this indi-
cation to add the ALC procedure was associated with
improved outcomes and reduced risk of recurrence. These
latter studies would seem to be using similar indications
to ours, except we apply the indication during the primary
ACLR procedure, rather than at a later date.

Another factor that may contribute to lower risk of
recurrence in our study may be the LET technique used.
The LET we describe is designed to restore the sheetlike
function to the ALC complex, as described by Guenther
et al,13 and the final tension in the graft is adjusted to
the point that the pivot shift test is similar to that on the
nonoperative side. This may be preferable to the use of
‘‘minimal tension applied to the graft with the knee at
60-70 degrees of flexion and neutral rotation,’’ as described
in the STABILITY study.11

The current study does have limitations. Although the
data were collected prospectively, the study is a retrospec-
tive review of the data, reflecting the sequence of events
that should occur in clinical practice after the adoption of
a new indication. It is possible that there may be confound-
ing variables within the groups. The groups were

sequential, but the surgeon had performed .5000 ACLRs
before the commencement of the study and was well
advanced along the learning curve using a technique that
did not alter over the study. The groups were not compared
with regard to the presence of meniscal tears and their man-
agement, smoking or nicotine use, and the precise time
between surgery and their return to sport, and these remain
potential confounding factors. The study findings may have
limited external validity and may only be applicable to
orthopaedic surgeons with a similar level of experience
who subspecialize in soft tissue knee reconstructions. We
have assumed that the pivot shift in the operated knee
before injury was the same as that in the uninjured contra-
lateral knee. Diagnostic criteria for recurrent ACL rupture
and meniscal tears included both clinical signs and MRI
findings, which would reduce any potential bias when the
unblinded author (M.P.) was examining patients. The radi-
ologists reporting on the MRI studies were not involved in
the conduction of the study but could not be blinded regard-
ing the performance of an LET.

We have found that the use of a residual asymmetric pivot
shift as the indication to add the LET to an ACLR is associ-
ated with a reduced risk of both recurrent ACL rupture and
meniscal tears in a population of patients presenting with
ACL rupture. The grade of pivot shift before ACLR was not
associated with the risk of recurrent ACL rupture, while
incomplete correction of an asymmetric pivot shift was.

ORCID iD

Mark Porter https://orcid.org/0000-0001-5542-794X

REFERENCES

1. Anderson AF, Irrgang JJ, Kocker MS, Mann BJ, Harrast JJ. The Inter-

national Knee Documentation Committee Subjective Knee Evaluation

Form: normative data. Am J Sports Med. 2006;34(1):128-135.

2. Ayeni O, Chahal M, Tran M, Sprague S. Pivot shift as an outcome

measure for ACL reconstruction: a systematic review. Knee Surg

Sports Traumatol Arthrosc. 2012;20(4):767-777.

3. Bosco F, Giustra F, Masoni V, et al. Combining an anterolateral com-

plex procedure with anterior cruciate ligament reconstruction

reduces the graft reinjury rate and improves clinical outcomes: a sys-

tematic review and meta-analysis of randomized controlled trials. Am

J Sports Med. 2024;52(8):2129-2147.

4. Briggs KK, Lysholm J, Tegner Y, Rodkey WG, Kocker MS, Steadman

JR. The reliability, validity, and responsiveness of the Lysholm score

and Tegner activity scale for anterior cruciate ligament injuries of the

knee: 25 years later. Am J Sports Med. 2009;37(5):890-897.

5. Briggs KK, Steadman JR, Hay CJ, Hines SL. Lysholm score and

Tegner activity level in individuals with normal knees. Am J Sports

Med. 2009;37(5):898-901.

6. Devitt BM, Al’khafaji I, Blucher N, et al. Association between radio-

logic evidence of Kaplan fibre injury, intraoperative findings, and pivot

shift grade in the setting of acute anterior cruciate ligament injury. Am

J Sports Med. 2021;49(5):1262-1269.

7. Devitt BM, Bell SW, Ardern CL, et al. The role of lateral extra-articular

tenodesis in primary anterior cruciate ligament reconstruction: a sys-

tematic review with meta-analysis and best-evidence synthesis.

Orthop J Sports Med. 2017;5(10):2325967117731767.

8. Galway HR, MacIntosh DL. The lateral pivot shift: a symptom and

sign of anterior cruciate ligament insufficiency. Clin Orthop Relat

Res. 1980;147:45-50.

8 Porter and Shadbolt The American Journal of Sports Medicine



9. Gans I, Retzky JS, Jones LC, Tanaka MJ. Epidemiology of recurrent

anterior cruciate Ligament injuries in National Collegiate Athletic

Association sports: the Injury Surveillance Program, 2004-2014.

Orthop J Sports Med. 2018;6(6):2325967118777823.

10. Geeslin AG, Moatshe G, Chahla J, et al. Anterolateral knee extra-

articular stabilizers: a robotic study comparing anterolateral ligament

reconstruction and modified Lemaire lateral extra-articular tenodesis.

Am J Sports Med. 2018;46(3):607-616.

11. Getgood AMJ, Bryant DM, Litchfield R, et al. Lateral extra-articular

tenodesis reduces failure of hamstring tendon autograft anterior cru-

ciate ligament reconstruction: 2-year outcomes from the STABILITY

Study randomized clinical trial. Am J Sports Med. 2020;48(2):285-

297. doi:10.1177/0363546519896333

12. Grassi A, Huerta RA, Lucidi GA, et al. A lateral extra-articular proce-

dure reduces the failure rate of revision anterior cruciate ligament

reconstruction surgery without increasing complications: a systematic

review and meta-analysis. Am J Sports Med. 2024;52(4):1098-1108.

13. Guenther D, Rahnemai-Azar AA, Bell KM, et al. The anterolateral cap-

sule of the knee behaves like a sheet of fibrous tissue. Am J Sports

Med. 2016;45(4):849-855.

14. Helito CP, Moreira da Silva AG, Daggett M, et al. An isolated extra-

articular procedure can be indicated for patients with minor instabil-

ities and intact graft after anterior cruciate ligament reconstruction.

Knee. 2025;53:160-167.

15. Hoshino Y, Araujo P, Ahlden M, et al. Standardized pivot shift test

improves measurement accuracy. Knee Surg Sports Traumatol

Arthrosc. 2012;20:732-736.

16. Hudek R, Schmutz S, Regenfelder F, Fuchs B, Koch P. Novel mea-

surement technique of the tibial slope on conventional MRI. Clin

Orthop Relat Res. 2009;467(8):2066-2072.

17. Kawanishi Y, Kobayashi M, Yasuma A, et al. Factors associated with

residual pivot shift after ACL reconstruction. A quantitative evaluation

of the pivot-shift test pre-operatively and at minimum 12 months fol-

low-up. Orthop J Sports Med. 2024;12(2):23259671241230967.

18. Kittl C, El-Daou H, Athwal KK, et al. The role of the anterolateral

structures and the ACL in controlling laxity of the intact and ACL defi-

cient knee. Am J Sports Med. 2016;44(2):345-354.

19. Kocher MS, Steadman JR, Briggs KK, Sterett WI, Hawkins RJ. Rela-

tionships between objective assessment of ligament stability and

subjective assessment of symptoms and function after anterior cru-

ciate ligament reconstruction. Am J Sports Med. 2004;32(3):629-634.

20. Lane CG, Warren R, Pearle AD. The pivot shift. J Am Acad Orthop

Surg. 2008:16(12):679-688.

21. Lord BR, Devitt BM, Hookway SR, et al. The resolution of Kaplan

fiber injuries is observed in a majority of cases at 9 months after

acute primary anterior cruciate ligament reconstruction. A radiologi-

cal study. Am J Sports Med. 2023;51(10):2596-2602

22. Marcacci M, Zaffagnini S, Giordano G, et al. Anterior cruciate liga-

ment reconstruction associated with extra-articular tenodesis: a pro-

spective clinical and radiographic evaluation with 10- to 13-year

follow-up. Am J Sports Med. 2009;37(4):707-714.

23. Marom N, Greditzer HG, Roux M, et al. The incidence of Kaplan fiber

injury associated with acute anterior cruciate ligament tear based on

magnetic resonance imaging. Am J Sports Med. 2020;48(13):3194-3199.

24. McLeod KC, Barber FA. Pivot shift syndrome of the knee. Sports

Med Arthrosc Rev. 2023;31(2):34-40.

25. Momaya A, Harris C, Hargreaves M. Why your patient may need an

ACL reconstruction plus lateral extra-articular tenodesis procedure.

Int J Sports Phys Ther. 2024;19(3):251-257.

26. Monaco E, Helito CP, Redler A, et al. Correlation between magnetic

resonance imaging and surgical exploration of the anterolateral

structures of the acute anterior cruciate ligament–injured knee. Am

J Sports Med. 2019;47(5):1186-1193.

27. Moran TE, MacLean IS, Anderson GR, et al. Lateral extra-articular

tenodesis staple risks penetration of anterior cruciate ligament recon-

struction tunnel. Arthrosc Sports Med Rehabil. 2023;5(1):193-200.

28. Na B, Kwak W, Seo H, Seon J. Clinical outcomes of anterolateral lig-

ament reconstruction or lateral extra-articular tenodesis combined

with primary ACL reconstruction: a systematic review with meta-

analysis. Orthop J Sports Med. 2021;9(9):23259671211023099.

29. Noyes FR, Huser LE, Jurgensmeier D, Walsh J, Levy MS. Is an ante-

rolateral ligament reconstruction required in the ACL-reconstructed

knee with associated injury to the anterolateral structures? Am J

Sports Med. 2017;45(5):1018-1027.

30. Noyes FR, Huser LE, Levy MS. The effect of an ACL reconstruction

on controlling rotational knee stability in knees with intact and phys-

iologic laxity of secondary restraints as defined by tibiofemoral com-

partment translations and graft forces. J Bone Joint Surg Am.

2018;100(7):586-597.

31. Parsons EM, Gee AO, Spiekerman C, Cavanagh PR. The biomechan-

ical function of the anterolateral ligament of the knee. Am J Sports

Med. 2015;43(3):669-674.

32. Porter M, Shadbolt B. ‘‘Anatomic’’ single-bundle anterior cruciate liga-

ment reconstruction reduces both anterior translation and internal rota-

tion during the pivot shift. Am J Sports Med. 2014;42(12):2948-2954.

33. Porter M, Shadbolt B. Femoral aperture fixation improves anterior

cruciate ligament graft function when added to cortical suspensory

fixation. Orthop J Sports Med. 2016;4(9):2325967116665795.

34. Porter M, Shadbolt B. Modified iliotibial band tenodesis versus lateral

extracapsular tenodesis, to augment anterior cruciate ligament

reconstruction: a 2-year randomized controlled trial. ANZ J Surg.

2022;92(9):2247-2253.

35. Porter M, Shadbolt B. Modified ITB is indicated to correct intraoper-

ative residual pivot shift after anterior cruciate ligament reconstruc-

tion using autologous hamstring tendon graft: a prospective RCT.

Am J Sports Med. 2020;48(5):1069-1077.

36. Porter MD, Shadbolt B, Pomray S. The augmentation of revision

anterior cruciate ligament reconstruction with modified iliotibial

band tenodesis to correct the pivot shift: a computer navigation

study. Am J Sports Med. 2018;46(4):839-845.

37. Roos EM, Roos HP, Lohmander LS, Ekdahi C, Beynnon BD. Knee

injury and Osteoarthritis Outcome Score (KOOS)—development of

a self-administered outcome measure. J Orthop Sports Phys Ther.

1998;28(2):88-96.

38. Scholten RJ, Opstelten W, van der Plas CG, et al. Accuracy of phys-

ical diagnostic tests for assessing ruptures of the anterior cruciate

ligament: a meta-analysis. J Fam Pract. 2003;52(9):689-694.

39. Sobrado MF, Giglio PN, Bonadio MB, et al. Outcomes after isolated

acute anterior cruciate ligament reconstruction are inferior in patients

with an associated anterolateral ligament injury. Am J Sports Med.

2020;48(13):3177-3182.

40. Tanaka M, Vyas D, Moloney G, Bedi A, Pearle AD, Musahl V. What

does it take to have a high-grade pivot shift? Knee surgery, sports

traumatology. Arthroscopy. 2012;20(4):737-742.

41. Willinger L, Athwal KK, Holthof S, Imhoff AB, Williams A, Amis A. Role

of the anterior cruciate ligament, anterolateral complex, and lateral

meniscus posterior root in anterolateral rotatory knee instability.

Am J Sports Med. 2023;51(5):1136-1145.

For reprints and permission queries, please visit Sage’s Web site at http://www.sagepub.com/journals-permissions

AJSM Vol. XX, No. X, XXXX Residual Pivot Shift and LET 9




