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Original Research

Incidence and Risk Factors for Residual
High-Grade Pivot Shift After ACL
Reconstruction With or Without a Lateral
Extra-articular Tenodesis

Christophe Jacquet,* MD, Charles Pioger,* MD, Romain Seil," MD, PhD, Raghbir Khakha,* MBBS,
Sebastien Parratte,¥ MD, PhD, Camille Steltzlen,® MD, Jean-Noel Argenson,* MD, PhD,
Nicolas Pujol,¥ MD, and Matthieu Ollivier,*! MD, PhD

Investigation performed at the Institute of Movement and Locomotion, Department of Orthopedics
and Traumatology, St Marguerite Hospital, Marseille, France

Background: Residual rotatory knee laxity at midterm follow-up after isolated anterior cruciate ligament reconstruction (ACLR)
versus ACLR with lateral extra-articular tenodesis (LET) remains an issue.

Purpose/Hypothesis: To evaluate the outcomes of ACLR with or without additional LET at a minimum 2-year follow-up in patients
with preoperative high-grade pivot shift (PS). Our hypothesis was that the addition of LET would decrease the risk of secondary
meniscal injury and the presence of residual high-grade PS at follow-up.

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

Methods: A retrospective analysis performed at 3 sports medicine centers identified 266 study patients; all had a high-grade PS
(grade 2 or 3) preoperatively and underwent isolated ACLR with or without LET. Four different ACLR techniques were used: single-
strand quadrupled semitendinosus (ST4) ACLR without LET (ST4 group; n = 55), ST4 with anatomic LET (ST4+LET group; n =77),
bone-patellar tendon and modified Lemaire LET (BTB+LET group; n = 43), and quadriceps tendon and modified Lemaire LET
(QT-+LET group; n =91). At follow-up, we evaluated for the presence of high-grade (grade >2) PS. Preoperative meniscal tears and
their treatment were recorded.

Results: Overall, 185 (69.5%) patients had at least 1 meniscal tear at index surgery. The mean follow-up period was 44.3 months;
47 (17.7%) patients had a new meniscal tear and 64 (24%) patients had a high-grade PS at follow-up. Compared with meniscal
repair, significant predictors for high-grade PS at follow-up were meniscectomy (odds ratio [OR] = 2.65 [95% CI, 1.19-5.63];
P = .02) and nonrepair of preoperative meniscal tear (OR = 3.26 [95% ClI, 1.27-9.43]; P = .007). The appearance of a new
symptomatic meniscal tear was the strongest significant predictor of high-grade PS at follow-up (OR = 4.31 [95% Cl, 2.31-8.06];
P < .001). No significant correlation was observed between the addition of LET and the presence of high-grade PS at follow-up.

Conclusion: In the current study, 1 in 4 patients with high-grade PS before ACLR with or without LET was at risk of residual rotatory
knee laxity at mean 44-month follow-up, regardless of the technique used. Repairing a pre-existing meniscal lesion was more
effective than performing LET to decrease the presence of a high-grade PS at follow-up.

Keywords: pivot shift; anterior cruciate ligament reconstruction; lateral extra-articular tenodesis; meniscal tear; rotational laxity

Since Robert Adams described an anterior cruciate the pivot shift (PS),2° which was referred to as an extra-

ligament (ACL) rupture in 1837, the evolution of surgical
ACL reconstruction (ACLR) techniques has been marked
by controversy and rediscovery.282%22 During the 1970s,
1980s, and 1990s, there were 2 opposing concepts of ACLR.
One was anatomic, with an objective of reconstructing the
native ACL, and the other was functional, addressing only
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articular reconstruction.®® This latter technique was effec-
tive, but it insufficiently addressed anteroposterior-posterior
laxity and was therefore abandoned in favor of anatomic
ACLR.%"

A 2013 article by Claes et al” brought back to the fore-
front an anatomic structure previously described by Paul
Segond in the 19th century. This was described as the ante-
rolateral ligament, which is a discrete structure unifying
the anterolateral part of the tibia and the femur. This ante-
rolateral complex, as it has been called since the consensus

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https:/creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.


https://doi.org/10.1177/23259671211003590
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

2  Jacquet et al

of 2019, led to an increasing popularity of lateral extra-
articular tenodesis (LET) as an adjunctive procedure to
ACLR. Recent biomechanical cadaveric studies'®*® have
shown that sectioning of this lateral complex associated
with a section of the ACL resulted in an increase in sagittal
and rotational laxity. Other studies demonstrated the value
of reconstructing the anterolateral complex during ACLR
to restore normal knee kinematics.'63!

The clinical results of studies comparing isolated ACLR
versus ACLR+LET have shown a significant advantage of
ACLR+LET in terms of meniscal tear healing®® and ACL
rerupture rates®” in high-risk populations. The effect of
ACLR+LET on the control of rotational instability as
expressed by the PS at mid- and long-term follow-up
remains debatable. This controversy may be related to the
many factors that influence rotational instability®>® and
the multitude of LET techniques (anatomic vs nonana-
tomic) with different biomechanical properties.510:12:34:37

The main objective of this study was to evaluate the out-
comes of different ACLR techniques with or without addi-
tional LET at a minimum 2-year follow-up in a population
of patients with high-grade PS before surgery; the second-
ary objective was to evaluate potential risk factors for
high-grade PS and secondary meniscal tears. The primary
outcome was the presence of a high-grade PS at follow-up.
Our hypothesis was that the addition of LET to primary
ACLR would decrease the risk of secondary meniscal injury
and the presence of a residual high-grade PS at 2-year fol-
low-up.

METHODS

After review board approval was granted, a retrospective
analysis was performed from a prospectively collected data-
base in 3 sports medicine centers. We identified 808
patients who underwent isolated ACLR with or without
additional LET between March 2013 and May 2017.
Patients aged 18 to 50 years who had isolated ACL injury
without collateral ligament injury (magnetic resonance
imaging [MRI] grade <2) or multiligament injury con-
firmed by MRI were included in the study. We included
only patients with a high-grade PS (grade 2 or 3 according
to the International Knee Documentation Committee
[IKDC] classification'®) identified during examination
under anesthesia at the time of surgery. Exclusion criteria
included a history of ipsilateral knee surgery, a history of
contralateral ACLR, an associated bone or cartilage proce-
dure, pathological hyperlaxity (Beighton score >3), and
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Patients who underwent
isolated ACLR between
March 2013 to May 2017
N = 808

PS grade <2 before surgery : n =493
Did not meet exclusion criteria: n = 21

v

Patients with high-grade
PS before surgery
N =294

Lost to follow-up: n =21
ACL rerupture: n=7

A 4

Included patients
n= 266

Figure 1. Study flowchart. ACL, anterior cruciate ligament;
ACLR, ACL reconstruction; PS, pivot shift.

chronic inflammatory joint disease. Likewise, patients were
excluded from the study if a graft rupture was confirmed on
MRI, a revision ACLR was performed, or a contralateral
ACL rupture had occurred between surgery and the final
follow-up visit.

A total of 294 eligible patients were selected
(Figure 1). All patients had undergone isolated ACLR
either with or without LET. For the follow-up visit, all
patients were examined during a dedicated clinical visit.
All patients gave valid consent to participate. Twenty-one
patients were lost to follow-up (7%). Seven patients suffered
from an ACL rerupture which was confirmed by MRI or
they had undergone a revision ACLR and were therefore
excluded from the study. Finally, 266 patients were
included in the study.

Surgical Technique

All patients underwent surgery by 4 different senior sur-
geons (S.P.,N.P., C.S., M.O.) from 3 sports medicine centers
using 4 ACLR techniques with different types of grafts and
LET. The choice of surgical techniques was based on

Iaddress correspondence to Matthieu Ollivier, MD, PhD, Institute of Movement and Locomotion, Department of Orthopedics and Traumatology, St
Marguerite Hospital, 270 Boulevard Sainte Marguerite, BP 29 13274 Marseille, France (email: matthieu.ollivier@ap-hm.fr).
*Institute of Movement and Locomotion, Department of Orthopedics and Traumatology, St Marguerite Hospital, Marseille, France.

TOrthopaedic Department, CH Luxembourg, Luxembourg.
*International Knee & Joint Centre, Abu Dhabi, United Arab Emirates.

SOrthopaedic Department CH Mignot, rue de Versailles, Le Chesnay, France.
Final revision submitted November 7, 2020; accepted December 4, 2020.

One or more of the authors has declared the following potential conflict of interest or source of funding: S.P. has received consulting fees from Zimmer
Biomet. C.S. has received consulting fees from Zimmer Biomet and Smith & Nephew. N.P. has received consulting fees from Zimmer Biomet and Smith &
Nephew. M.O. has received consulting fees from Arthrex, Stryker, and Newclip. AOSSM checks author disclosures against the Open Payments Database
(OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto.

Ethical approval for this study was obtained from the Comite de Protection des Personnes Sud Méditerranée | (study ID: 2016-015724-11)


mailto:matthieu.ollivier@ap-hm.fr

The Orthopaedic Journal of Sports Medicine

individual surgeons’ preferences. It was therefore possible
to separate the patients into 4 groups: (1) single-strand
quadrupled semitendinosus ACLR without LET (ST4
group) (n = 55), (2) ST4 with additional anatomic LET
using the same hamstring graft (ST4+LET group) (n =
77) , (3) bone—patellar tendon and LET (BTB+LET group)
(n = 43), and (4) quadriceps tendon and LET (QT+LET
group) (n = 91).%4

ST4 Group. In this group, the ST4 technique* was per-
formed using a 3-cm vertical incision.® The semitendinosus
tendon was identified and harvested using an open strip-
per. The tendon was folded into 4 strands, and the ends
were secured using a No. 2 FiberWire suture (Arthrex). The
quadrupled graft was then preconditioned by traction at
150 N for a minimum of 10 minutes. Bone tunnels were
made using femoral and tibial outside-in drill guides, aim-
ing at the respective anatomic footprints of the ACL. Both
tibial and femoral ACL tunnels were prepared with a can-
nulated drill that matched the graft diameter. Graft fixa-
tion was performed in the tibia and femur using a PEEK
Cage System (Sacimex) with the knee at 20° of flexion and
the tibia at 0° of rotation. No LET was performed in this
group of patients.

ST4+LET Group. This ACLR+LET technique was pre-
viously described by Boutsiadis et al.? It entailed the same
skin incision and approach as for the ST4 group. The gra-
cilis and semitendinosus tendons were harvested and com-
pletely detached from their tibial attachment. The
combined part of the graft was composed of 4 strands: 1
strand from the gracilis and 3 strands from the semitendin-
osus. Two additional strands of the gracilis were used for
LET. An outside-in femoral guide was placed proximally
and posteriorly to the lateral epicondyle at the femoral ori-
gin of the anterolateral ligament and the intra-articular
target at the ACL femoral origin. The tibial tunnel was
drilled in an outside-in fashion. A drill bit was used to pre-
pare full-length tunnels with a diameter that matched the
graft diameter. A second, independent tibial tunnel was
made for the anatomic LET. The second tunnel started
medially (2 cm anterior to the tibial ACL tunnel) and exited
laterally, immediately posterior to the Gerdy tubercle.

The graft was shuttled through the tibial and femoral
ACL tunnel. The ACL was initially fixed in the tibia by a
loop button (BTB TightRope; Arthrex) and in the femoral
tunnel by an absorbable interference screw (Biosteon; Stry-
ker) with the knee at 20° of flexion and the tibia at 0° of
rotation. The LET graft was shuttled underneath the ilio-
tibial band (ITB), under the lateral collateral ligament, and
through its tibial tunnel and fixed by securing an
adjustable-loop button (BTB TightRope) in 20° of knee flex-
ion and neutral rotation.

BTB+LET Group. Two longitudinal skin incisions of
3 cm each were made for BTB graft harvesting: the first
incision over the distal patella and the second over the
anterior tibial tuberosity (ATT). A double-blade scalpel
with a distance between the blades of 10 mm was used to
section the tendon subcutaneously from the distal pole of
the patella to the ATT. The patellar bone block (2 cm long x
1 cm wide x 1 cm deep) was cut first by using an oscillating
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saw. The patellar bone block was then passed from the
proximal to the distal skin incision. The second bone block
(2 cm long x 1 cm wide x 1 cm deep) was obtained from the
ATT in a similar fashion. After calibration of the graft, a
30-mm, inside-out femoral tunnel was drilled. The tibial
tunnel was drilled in an outside-in fashion using a tre-
phine. The excess tibial bone was used to fill the harvesting
site of the ATT. Graft fixation was achieved with 2 absorb-
able interference screws (Biosure; Smith & Nephew).

For the LET, a modified Lemaire technique was used.??
An oblique skin incision was made between the lateral
femoral epicondyle and the Gerdy tubercle, measuring
approximately 5 cm. A tendon strip of 1 x 8 cm was har-
vested from the ITB, leaving the attachment at the Gerdy
tubercle intact. The proximal end of the ITB graft was
whipstitched using a No. 1 Vicryl (Ethicon; Johnson and
Johnson) suture. Once the fibular collateral ligament
(FCL) had been identified, small capsular incisions were
made anteriorly and posteriorly to the proximal portion of
the ligament. Metzenbaum scissors were then placed deep
along the FCL to bluntly dissect a tract for graft passage.
The ITB graft was fixed to the distal femur just anteriorly
to the intermuscular septum and proximally to the fem-
oral attachment site of the FCL using a 25-mm—deep
blind tunnel with a resorbable interference screw (Bio-
sure; Smith & Nephew). Fixation was performed with the
knee at 20° of flexion and the tibia at 0° of rotation.

QT+LET Group. The quadriceps tendon graft was
exposed via a longitudinal 2- to 3-cm skin incision over the
proximal patella. A regular scalpel was used to prepare and
harvest the quadriceps tendon graft. The bone block (2 cm
long x 1 cm wide x 1 em deep) was cut using an oscillating
saw. The dissection was then extended proximally, with
care taken not to enter the suprapatellar pouch, and only
the superficial and the intermediate layers of the quadri-
ceps tendon were harvested. After graft calibration, a
30-mm inside-out femoral tunnel was drilled. The tibial
tunnel was drilled in an outside-in fashion. Femoral
fixation was carried out via an adjustable loop button (BTB
TightRope). The bone block of the graft was placed on the
tibial side and fixed with a resorbable interference screw
(Biosteon). Fixation was performed with the knee at 20° of
flexion and the tibia at 0° of rotation. The LET was
performed using the same modified Lemaire technique as
used in the BTB+LET group.

Rehabilitation

The choice of rehabilitation protocol was based on individ-
ual surgeon preferences. In all cases, immediate full
weightbearing and progressive range of motion exercises
were recommended. The main focus of the early rehabilita-
tion period was on quadriceps activation exercises and
regaining full extension. A gradual return to sports was
allowed after surgeons’ approval, between 4 and 6 months
for noncontact sports and between 9 and 12 months for
contact sports.
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Preoperative Data Collection

Preoperative data including age, sex, body mass index, pre-
operative sagittal laxity assessed using the objective IKDC
score, and PS grade under general anesthesia (IKDC grade
2 or 3) were collected from the routine preoperative ques-
tionnaire and operative report. Data regarding the type of
sport practiced (contact or noncontact pivoting sport) prior
to the ACL injury and the level of competition (professional
or amateur) were also collected from the routine preopera-
tive questionnaire and confirmed with the patient during
the clinical follow-up appointment.

Preoperative meniscal assessment on MRI was per-
formed by a radiologist and an independent orthopaedic
surgeon (C.J.), neither of whom were involved in the surgi-
cal procedures. In cases of differing opinions, interpretation
by third surgeon (C.P.) was sought to determine the deci-
sion. All of these assessors were blinded to the other data of
the study and the type of ACLR performed. Meniscal tears
were classified as follows:

e For the medial meniscus: (1) posterior meniscosy-
novial separations or ramp lesions*3; (2) bucket-
handle and vertical lesions involving at least the
posterior and middle segments; (3) vertical, hori-
zontal, or radial tears of the middle segment; and
(4) posterior root lesions.

e For the lateral meniscus: (1) bucket-handle and ver-
tical lesions involving at least the posterior and
middle segments; (2) vertical, horizontal, or radial
tears of the middle segment; and (3) posterior root
lesions.

Data on treatment strategy were also collected, and
treatments were classified as repair, meniscectomy, or
nonrepair.

Follow-up Consultation

The follow-up consultation was performed by a single
fellowship-trained orthopaedic surgeon (C.J.) who was
independent from the surgeons who performed the ACLRs.
The examiner was blinded for information on the presence
or absence of meniscal tears, the grade of preoperative PS,
and the identity of the surgeon.

During this consultation, the following factors were eval-
uated: sagittal laxity using a Telos or Genourob arthrom-
eter; the presence or absence of high-grade PS (IKDC grade
>2)13: functional outcomes using the Knee injury and Oste-
oarthritis Outcome Score (KOOS) and Lysholm question-
naires; and the ability to return to preinjury sport.

If a new symptomatic meniscal tear was suspected on
clinical examination (a history of knee pain or mechanical
symptoms such as meniscal blockage with joint line tender-
ness), a new MRI was performed. The same double-blinded
interpretation method as described previously was per-
formed by 2 examiners (1 radiologist and 1 orthopaedic
surgeon [C.P.], neither of whom were involved in the sur-
gical procedure or the patient visit). Only new meniscal
tears that were not found on preoperative MRI were
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considered. If patients had sustained subsequent knee sur-
gery after the initial ACLR, the operative report was col-
lected to identify the meniscal status.

Statistical Analysis

The descriptive statistics are presented as mean = SD for
quantitative variables. Means and standard deviations
were determined for each of the measurements made for
the population. Normal (Gaussian) distributions were
determined. Univariate analysis was performed using
either parametric or nonparametric testing to estimate
difference between groups. Multiple linear regression
models were developed to establish the determinants for
each of the variables. For each model, variables with a
P value of <.1 were kept in the final model. A sample-size
calculation showed that 50 patients per group would allow
us to demonstrate a >3-fold difference in terms of PS pres-
ence at a minimum of 2 years of follow-up after surgery
(expected rate 30%) between groups.®® For all statistical
analysis, PASW Statistics Version 20 (SPSS, IBM) was
used. The threshold for statistical significance was set
at P < .05.

RESULTS
Patients

Of the initial 294 study patients, 21 (7.1%) patients were
lost to follow-up, and 7 (2.4%) patients experienced an ACL
rerupture or underwent revision ACLR (1 patient in the
ST4 group, 3 patients in the ST4-+LET group, 2 patients
in the BTB+LET group, and 1 patient in the QT+LET
group). Ultimately, 266 patients were included in the study
(55 patients in the ST4 group, 77 patients in the ST4+LET
group, 43 patients in the BTB+LET group, and 91 patients
in the QT+LET group). Patient characteristics are summa-
rized in Table 1. The mean overall follow-up was 44.3
months. Preoperatively, 63.2% of patients displayed a
grade 2 PS, 61.7% practiced a contact sport, and 17.3% were
professionals. Patients had a mean preoperative sagittal
laxity of 6.8 + 2.5 mm. The mean follow-up, distribution of
PS grade, and type of sport practiced were significantly
different between the 4 groups.

Meniscal Status

A total 0of 185 (69.5%) patients had at least 1 meniscal tear
at the time of the index surgery, 49 (26.5%) of which were
bimeniscal. The distribution of types of meniscal tear in
the 4 groups is summarized in Table 2. The cohort
entailed 127 repairs (68.6%), 32 partial and subtotal
meniscectomies (17.3%), and 26 nonrepaired tears
(14.1%) (Table 3). No significant difference was observed
between the 4 groups concerning the distribution of
meniscal tears, but a significant difference (P = .01) was
observed between the groups concerning their therapeu-
tic management, with more patients in the QT+LET
group undergoing repair.



The Orthopaedic Journal of Sports Medicine High-Grade Rotational Laxity After ACLR 5

TABLE 1
Patient Characteristics®
Overall ST4 ST4+LET BTB+LET QT+LET
(N = 266) (n = 55) (n="17 (n = 43) (n=91) P®
Age,y 30.4+84 305+7.9 30.7+ 8.4 30.8+8.9 29.9+£8.0 .8
Sex, % male 71.3 72.7 75.4 74.4 71.8 3
Body mass index, kg/m2 24.0 £ 2.6 23.9+1.9 24.6 +2.3 23.8+ 2.2 24.1+2.6 .8
Differential preoperative laxity, mm 6.8+25 6.9+3.3 6.7+ 3.6 6.7+3.5 6.8+29 7
Pivot shift, n (%) .02%
Grade 2 168 (63.2) 29 (52.7) 50 (64.9) 22 (51.2) 67 (73.6)
Grade 3 98 (36.8) 26 (47.3) 27 (35.1) 21 (48.8) 24 (26.4)
Type of sport, n (%)° L01%*
Contact 164 (61.7) 34 (61.8) 51 (66.2) 24 (55.8) 55 (60.4)
Noncontact 102 (38.3) 21 (38.2) 26 (33.8) 19 (44.2) 36 (39.6)
Professional athlete, n (%) 46 (17.3) 9(16.3) 14 (18.2) 7 (16.3) 16 (17.6) N
Mean follow-up, mo 44.3 47.1 50.2 45.1 37.3 < 001***

“Data are reported as mean + SD unless otherwise indicated. BTB+LET, bone—patellar tendon and modified Lemaire LET; LET, lateral
extra-articular tenodesis; QT+LET, quadriceps tendon and modified Lemaire LET; ST4, single-strand quadrupled semitendinosus;
ST4+LET, ST4 with LET using the same hamstring graft.

5Global analysis of variance between the 4 groups.

‘Pivoting sports with contact: soccer, handball, basketball, rugby, motocross. Pivoting sports without contact: alpine skiing, fitness,
gymnastics, tennis.

*Pairwise comparison exhibited significant differences between the BTB+LET group vs the ST4+LET (P = .01) and QT+LET (P = .02)

groups and between the ST4 group vs the ST4+LET (P = .01) and QT+LET (P = .03) groups.

**Pairwise comparison exhibited significant differences between the ST4+LET vs BTB+LET (P = .008) groups.

*#*Pairwise comparison exhibited significant differences between the QT+LET group vs the ST4+LET (P = .0009), ST4 (P = .0005),

and BTB+LET (P = .01) groups.

TABLE 2
Meniscal Preoperative Data and Therapeutic Management®
Overall ST4 ST4+LET BTB+LET QT+LET
(N = 266) (n = 55) (n="177) (n =43) (n =91) P®
Meniscal tear 185 33 58 26 68 .09
Bimeniscal tear 49 (26.5) 10 (30.3) 14 (24.1) 4 21 (30.8) .29
Medial meniscal tear 121 (65.4) 23 (69.7) 34 (58.6) 16 (61.5) 48 (70.5) .053
Bucket-handle 11 2 2 4 3
Posterior root 3 0 1 0 2
Ramp lesion 57 11 17 7 22
Midsegment 50 10 14 5 21
Lateral meniscal tear 64 (34.6) 10 (30.3) 24 (41.4) 10 (38.5) 20 (29.5)
Bucket-handle 10 1 6 2 1
Posterior root 36 8 10 5 13
Midsegment 18 1 8 3 6
Therapeutic management .01
Repair* 127 (68.6) 21 (63.6) 37 (63.8) 18 (69.2) 51 (75)
Meniscectomy** 32(17.3) 6(18.2) 12 (20.7) 4(15.4) 10 (14.7)
Nonrepair*#* 26 (14.1) 6(18.2) 9(17.2) 4(15.4) 7 (10.3)

“Data are reported as n or as n (%). BTB+LET, bone—patellar tendon and modified Lemaire LET; LET, lateral extra-articular tenodesis;
QT+LET, quadriceps tendon and modified Lemaire LET; ST4, single-strand quadrupled semitendinosus; ST4+LET, ST4 with LET using the
same hamstring graft.

5Global analysis of variance between the 4 groups.

*Pairwise comparison exhibited significant differences between QT+LET vs ST4 (P = .006) and QT+LET vs ST4+LET (P = .002).

**Pairwise comparison exhibited significant differences between QT+LET vs ST4+LET (P = .006) and BTB+LET vs ST4+LET(P = .008).

***Pairwise comparison exhibited significant differences between QT+LET vs ST4 (P = .004) and QT+LET vs ST4+LET (P = .006).
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Functional Outcomes

No significant differences were observed between the
groups in the functional outcomes of the KOOS and
Lysholm scores (Table 4). The mean postoperative differen-
tial sagittal laxity was 2.3 + 2.6 mm with no significant
difference between groups. In total, 165 (62.0%) patients
were able to return to their preinjury sport, and no signif-
icant difference was observed between groups for this
parameter. A total of 64 (24.0%) patients presented with a
high-grade PS at follow-up (29.1% for ST4, 26.0% for
ST4+LET, 20.9% for BTB+LET, and 20.8% for QT+LET)
(Table 4).

Pivot Shift

A multivariate analysis was performed to determine the
factors that were predictive of the presence of high-grade
PS at follow-up (Table 5). Among the examined variables,
no significant association was observed between age, sex,

TABLE 3
Therapeutic Management of Meniscal Tears®

The Orthopaedic Journal of Sports Medicine

type of sport, professional sports practice, and high-grade
PS identified at follow-up. A preoperative grade 3 PS sig-
nificantly correlated with the presence of high-grade PS at
follow-up (odds ratio [OR] = 3.23 [95% CI, 1.81-5.75];
P <.001). The length of follow-up was significantly correlated
with the presence of high-grade PS at follow-up (P < .001).
The presence of a preoperative meniscal tear also signifi-
cantly correlated with the presence of a high-grade PS at
follow-up (OR = 3.47 [95% CI, 1.62-7.43]; P < .001). Menis-
cectomy was a significant predictor for the presence of a
high-grade PS compared with meniscal repair (OR = 2.65
[95% CI, 1.19-5.63]; P = .02). Similarly, a nonrepaired
meniscal tear was a significant predictor for the presence
of high-grade PS at follow-up compared with meniscal
repair (OR = 3.26 [95% CI, 1.27-9.43]; P = .007). The
appearance of a new meniscal tear was the strongest sig-
nificant predictor of the presence of high-grade PS at
follow-up (OR = 4.31 [95% CI, 2.31-8.06]; P < .001). No
significant correlation was observed between the addition
of LET and the presence of high-grade PS at follow-up
(OR = 0.71 [95% CI, 0.37-1.39]; P = .31).

New Symptomatic Meniscal Injury

Repair ~ Meniscectomy  Nonrepair A total of 47 (17.7%) patients sustained a new symptomatic
Medial meniscal tear menisc.al tear during the follow-up (25.5% in the ST4 group,
Ramp 40 0 17 16.9% in the ST4+LET group, 15.4% in the QT+LET group,
Posterior root 9 1 0 and 14.0% in the BTB+LET group). After univariate anal-
Bucket-handle 9 9 0 ysis, a significant difference was observed between these
Midsegment 27 21 2 4 groups (P = .04). A multivariate analysis was performed
Lateral meniscal tear to determine the predictors of a new symptomatic meniscal
Posterior root 33 3 0 tear (Table 6). Among the examined variables, no signifi-
Bucket-handle 8 2 0 cant association was observed for preoperative grade of PS,
Midsegment 8 3 7 age, sex, type of sport, professional sports practice, and the
“Data are reported as No. of patients. occurrence of a new meniscal tear. The addition of LET was
not protective against the occurrence of a new symptomatic
TABLE 4
Postoperative Outcomes®
Overall ST4 ST4+LET BTB+LET QT+LET
(N = 266) (n =55) (n="177) (n =43) (n=91) P
KOOS

Symptoms 83.9+14.6 84.2+15.0 83.4£13.5 82.0+16.1 85.4+14.8 .76

Pain 87.5+14.2 89.2+12.2 86.6 £ 12.2 87.7+18.6 87.8+13.9 73

Quality of Life 75.4 £20.9 76.3 £ 16.3 73.2+184 73.7+22.3 78.1 +£20.7 49

Sport/Recreation 75.9 £ 18.6 77.9£15.1 70.3 £ 17.6 81.4+16.1 77.3 £20.8 .08

Activities of Daily Living 90.6 £ 11.5 93.0£9.3 90.2 £10.0 88.2£15.7 91.9£10.7 .45

Global 85.2+ 125 87.3+10.1 84.3 £10.6 84.2+15.8 86.4 £12.7 .51

Lysholm score 89.3+11.3 87.9+9.9 86.2 £10.4 89.5 £14.8 90.1£13.3 .67

Differential postoperative laxity, mm 2.3+2.6 23+23 1.92+21 22+21 22+26 .73

Return to preinjury sport 165 (62.0) 33 (60.0) 46 (59.7) 27 (63.7) 59 (64.8) 41

High-grade pivot shift at follow-up 64 (24.0) 16 (29.1) 20 (26.0) 9(20.9) 19 (20.8) 17
New symptomatic meniscal tear 47 (17.7) 14 (25.5) 13 (16.9) 6 (14.0) 14 (15.4) .04%

Infection 5(1.4) 1(1.8) 1(1.3) 1(2.3) 2(2.2) .33

“Data are reported as mean + SD or n (%). BTB+LET, bone—patellar tendon and modified Lemaire LET; LET, lateral extra-articular
tenodesis; QT+LET, quadriceps tendon and modified Lemaire LET; ST4, single-strand quadrupled semitendinosus; ST4+LET, ST4 with LET

using the same hamstring graft.

*Pairwise comparison exhibited significant differences between BTB+LET, QT+LET, and ST4+LET groups vs the ST4 group (P = .04).
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TABLE 5
Multivariate Analysis of High-Grade Pivot Shift
at Follow-up”

High-Grade Rotational Laxity After ACLR 7

TABLE 6
Multivariate Analysis of Predictive Factors for New
Symptomatic Meniscal Tear®

Adjusted OR  95% CI p

Adjusted OR  95% CI P

Age NA NA .51
Sex ratio 1.21 0.62-2.03 .22
Body mass index NA NA .64
Follow-up NA NA <.001
Preoperative pivot shift: grade 3 3.23 1.81-5.75 <.001
vs grade 2
Type of sport: contact® 1.45 0.59-2.76  .345
Professional athlete 0.96 0.46-2.01 .69
Preoperative meniscal tear 3.47 1.62-7.43 <.001
Preoperative bimeniscal tear 1.66 0.84-3.27 .14
Therapeutic management
Meniscectomy vs repair 2.65 1.19-5.63 .02
Repair vs nonrepair 3.26 1.27-9.43  .007
Meniscectomy vs nonrepair 1.71 0.64-4.44 .43
Lateral extra-articular tenodesis 0.71 0.37-1.39 .31
New symptomatic meniscal tear 4.31 2.31-8.06 <.001

Age NA NA .33
Sex ratio 1.23 0.54-2.07 .64
Body mass index NA NA .25
Follow-up NA NA .01
Preoperative pivot shift: grade 3 1.84 0.80-2.91 .61
vs grade 2
Type of sport: contact? 1.13 0.55-2.11 .33
Professional athlete 1.75 0.87-3.56 .11
Preoperative meniscal tear 1.07 0.56-2.03 .83
Preoperative bimeniscal tear 1.20 0.58-2.49 .54
Therapeutic management
Meniscectomy vs repair 1.79 0.79-3.32 .29
Repair vs nonrepair 2.13 1.11-4.55 .02
Meniscectomy vs nonrepair 1.07 0.31-3.7 .87
Lateral extra-articular tenodesis 1.22 0.54-2.23 27

High-grade pivot shift at follow-up 4.31 2.31-8.06 <.001

“Bolded P values indicate statistical significance. NA, not appli-
cable; OR, odds ratio.

bPivoting sports with contact: soccer, handball, basketball,
rugby, motocross.

meniscal tear (OR = 1.22 [95% CI, 0.54-2.23]; P = .27). The
mean follow-up time was significantly associated with the
risk of a new symptomatic meniscal tear (P < .001). Not
repairing a meniscal tear at index surgery, compared with
a repair, was a significant predictor of a new symptomatic
meniscal tear (OR = 2.13 [95% CI, 1.11-4.55]; P = .02). The
presence of a high-grade PS at follow-up was the strongest
significant predictor of a new symptomatic meniscal tear,
with an OR of 4.31 (95% CI, 2.31-8.06; P < .001).

DISCUSSION

At approximately 3.5 years postoperatively, a residual
high-grade PS could be identified in a quarter of patients
who had primary ACLR, regardless of the presence or
absence of an additional LET. Grade 3 PS at index surgery,
meniscal injury status, and type of meniscal tear treatment
were strong predictors of the presence of a high-grade PS at
follow-up. The addition of LET during ACLR was not pro-
tective against the occurrence of new meniscal tears.

The PS test is a complex clinical sign assessing internal
rotation and anterior tibial translation. Despite the recent
development of objective and standardized evaluation
methods,'”1%2 clinical examination remains the gold stan-
dard. The exact origin of the PS phenomenon is controver-
sial and not completely understood.® A multifactorial
background involving different anatomic knee structures
seems to be the most likely hypothesis. In their literature
review, Tanaka et al®® highlighted the role of the anterolat-
eral complex,?® meniscal lesions (posterolateral®® and pos-
teromedial?® specifically), iliotibial band or Kaplan fibers,3*
and the bone morphology of the tibial plateau in the

“Bolded P values indicate statistical significance. NA, not appli-
cable; OR, odds ratio.

bPivoting sports with contact: soccer, handball, basketball,
rugby, motocross.

occurrence of the PS after an ACL injury. In the present
study, a high-grade PS could be identified at follow-up in
approximately 1 in 4 patients who had a high-grade PS at
the time of surgery. This is different from a general popula-
tion of ACL-injured individuals in the sense that only a
minority of patients with primary ACLR usually present
with a high-grade PS (26.5% in a recent study by Magnus-
sen et al?!). A previous clinical study highlighted risk fac-
tors for residual PS after ACLR without LET. In their
analysis, Ueki et al*! reported that only a high-grade pre-
operative PS was a risk factor for residual PS. However,
that study was carried out with a maximum of 1 year of
follow-up and on a very small proportion of their series: 48
of 368 patients (13%) had a high-grade PS preoperatively,*!
compared with all 266 patients in the present study.

To improve rotational control in patients with ACL
injury, various biomechanical studies have emphasized the
need to add LET to ACLR when a high-grade PS is present.
Inderhaug et al'® demonstrated that LET allowed restora-
tion of knee kinematics to normal. Similarly, Geeslin et al*°
reported in a cadaveric study that sequential ACLR and
LET reconstructions significantly reduced rotational knee
laxity. The clinical interest of LET continues to be debated,
and its results differ significantly from one study to the
next.3® However, in a recent meta-analysis'? of 14 studies
comparing isolated ACLR with ACLR associated with LET,
only 2 studies reported a statistically significant advantage
of the addition of LET on the presence of a postoperative
PS. A second recent systematic review®® showed that the
addition of LET compared with an isolated ACLR signifi-
cantly reduced the risk of a postoperative PS but with a low
relative risk of 0.91 to 0.99. These 2 studies demonstrate
the difficulty of concluding with certainty a causal
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relationship between LET and a reduced risk of postopera-
tive PS. However, the small number of comparative trials
included in these studies, the interobserver (and inter-
study) variability of the PS test, and the lack of information
regarding meniscal status and related procedures make it
almost impossible to interpret these results. In the current
study, no statistically significant relationship could be
identified between the 2 LET techniques and the presence
of a high-grade PS at follow-up.

One of the hypotheses put forward regarding the origin
of PS, other than that of the anterolateral complex, is based
on the existence of an injury to other secondary restraints,
including meniscal injuries. Some studies highlighted the
role of ramp?® and posterior meniscus root lesions?® in the
occurrence of increased rotational laxity after an ACL
injury. These findings correlate with those observed in the
current study, where only patients with preoperative high-
grade rotational laxity were included. Indeed, of
266 patients, 185 had at least 1 meniscal tear. Half of these
tears involved the posteromedial complex (ramp lesion +
root of the medial meniscus) and the posterolateral part
of the lateral meniscus (root of the lateral meniscus).

Regarding the meniscal procedures associated with
ACLR (nonrepair, repair, or meniscectomy) according to
the type of tear, 17 of 57 medial meniscal ramp lesions
(29.8%) were not repaired, and 4 of 39 medial and lateral
root lesions (10.3%) were treated by meniscectomy. Given
the current clinical and biomechanical evidence, as well as
the multifactorial origin of the PS, the associated meniscal
injuries and their intraoperative management may provide
an explanation for the high incidence of postoperative high-
grade PS in this patient cohort.

Another objective of this study was to assess the risk of
sustaining a new symptomatic meniscal tear and deter-
mine the predictive factors thereof. A strong association
was observed between new meniscal tears and the presence
of high-grade PS at follow-up (OR = 4.31 [95% CI, 2.31-
8.06]; P < .001). However, given the study method, it was
not possible to determine whether the occurrence of a new
symptomatic meniscal tear is the consequence or cause of
the presence of a PS at follow-up. Similar to the presence of
high-grade PS at follow-up, meniscal tears left unrepaired
were significant predictors of a new symptomatic meniscal
tear in comparison with meniscal repairs. It was interest-
ing to note that 17 of the 25 meniscal lesions that were not
repaired in this series were ramp lesions. Therefore, the
persistence of a nonrepaired ramp lesion may be a predictor
of a new meniscal injury and a high-grade PS at follow-up.
Indeed, the rate of new symptomatic meniscal tears in this
subgroup was 36% (9/25) and the presence of a high-grade
PS at follow-up was 64% (16/25). This would confirm the
previously described role of ramp lesions for high-grade
rotational laxity.?® The retrospective design of this study
did not allow us to differentiate between stable and unsta-
ble ramp lesions. Therefore, no conclusions can be drawn as
to whether repair of ramp lesions would have improved the
clinical results or whether all types of ramp lesions should
be repaired.’

This study has several strengths that are important to
highlight. Only patients with a preoperative high-grade PS
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were included in the study. The overall series included 266
patients with primary ACL injury who had a high-grade PS
at index surgery, and these patients were selected using
rigorous inclusion criteria at a minimal follow-up of 2 years.
Although the multicentric design of a study is often a weak-
ness, the fact that the respective surgical techniques were
used in a routine manner by experienced surgeons in the
different centers allowed us to rule out individual learning
curves, which may jeopardize studies with higher levels of
evidence.??

The rigorous determination of meniscal status at index
surgery (intact vs injured, type and zone of injury) and the
subsequent therapeutic management (repair vs meniscect-
omy vs nonrepair) has provided additional evidence about
the role of the meniscus in the origin of the PS.'® No signif-
icant relationship was found between the main outcomes of
the present study (evidence of high-grade PS and/or new
meniscal tears at follow-up) and LET. Because this study
did not investigate the success or failure of meniscal repair
performed at index surgery, the previously described pro-
tective effect of LET on the failure of meniscal repair>®
cannot be confirmed. This suggests that in this high-risk
population, the underlying biomechanical process for sec-
ondary meniscal injuries was highly related to the presence
of rotational laxity at the final follow-up, which was found
to be almost equivalent in the LET and non-LET groups.

Repair of meniscal tears, particularly posterolateral and
posteromedial meniscal lesions, seems to be a major factor
in reducing the risk of rotational laxity after ACLR in this
high-risk population. Therefore, this type of advanced
meniscal repair in association with primary ACL recon-
struction needs further investigation in the future.

There are several limitations to the present study. First,
the main judgment criterion of the study is based on a sub-
jective assessment of PS. To limit this bias as much as pos-
sible, a single trained examiner (C.J.), who was not
involved in the surgical procedures, performed all PS tests.
Although it was impossible to perform a blinded evaluation
of surgical techniques due to the presence of different skin
scars, no information regarding preoperative meniscal sta-
tus, surgical management of these lesions, and the exis-
tence of new meniscal tears was transmitted to the
examiner. Second, with respect to the retrospective charac-
ter of this study, it is impossible to say whether the docu-
mented PS at the follow-up examination was the
persistence of an initially unaddressed PS or a recurrence
that came about gradually over time. Given the high surgi-
cal volume of the 4 involved surgeons, the anatomic ACL
positioning during reconstruction, and manual intra- and
postoperative PS control, it is reasonable to assume that the
PS was completely restored at the end of the surgical pro-
cedure. In that case, a recurrence of high-grade PS during
the follow-up period would have been a result of rotational
laxity gradually decompensating over time, probably
explained by decompensation of the LET or stretching of
the ACL graft (given the 2-mm increase in sagittal laxity
for all the 4 groups). Nevertheless, an incomplete restora-
tion or normalization of the preoperative high-grade PS
during surgery cannot be totally excluded. Third, graft
reruptures were excluded from this analysis before the
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inclusion of patients because the aim of the study was to
assess the risk of high-grade PS at follow-up in patients
with a fully functional ACLR. We decided to exclude those
patients from the study protocol following the sample size
analysis of Getgood et al.!? Those authors found that 255
patients per group would be needed to detect a relative risk
reduction in the rates of clinical failure in the LET group of
40% or greater. With the very selective patient population
analyzed in this study, the sample size was insufficient to
evaluate ACLR rerupture as a primary or secondary out-
come. Therefore, no information was available on the
relationship between the presence of high-grade PS at
follow-up and the risk of graft ruptures.2®” In the same
manner, some patients may have experienced meniscal
repair failure. However, this possibility was not specifically
investigated as one of the principal outcome parameters
because repair failures are rare and difficult to diagnose
without invasive arthro-computed tomography or arthro-
MRI examinations. Therefore, the clinical impact of persis-
tent meniscal tears after repair was impossible to quantify
on MRI. Fourth, the sample size of this study was not cal-
culated to compare the different LET techniques. Although
there were significant differences between the LET groups,
no conclusion could be formally drawn.

CONCLUSION

In this study, 1 in 4 of patients with high-grade PS before
ACLR, with or without LET, were at risk of residual rota-
tory knee laxity at a mean follow-up of 44 months regard-
less of the technique used. Repair of a preexisting meniscal
lesion may be more effective than performing LET to
decrease the presence of a high-grade PS at minimum of
2-year follow-up.
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