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Background: Persistent anterolateral rotatory laxity after anterior cruciate ligament (ACL) reconstruction (ACLR) has been corre-
lated with poor clinical outcomes and graft failure.

Hypothesis: We hypothesized that a single-bundle, hamstring ACLR in combination with a lateral extra-articular tenodesis (LET)
would reduce the risk of ACLR failure in young, active individuals.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: This is a multicenter, prospective, randomized clinical trial comparing a single-bundle, hamstring tendon ACLR with or
without LET performed using a strip of iliotibial band. Patients 25 years or younger with an ACL-deficient knee were included and
also had to meet at least 2 of the following 3 criteria: (1) grade 2 pivot shift or greater, (2) a desire to return to high-risk/pivoting
sports, (3) and generalized ligamentous laxity (GLL). The primary outcome was ACLR clinical failure, a composite measure of rota-
tory laxity or a graft rupture. Secondary outcome measures included the P4 pain scale, Marx Activity Rating Scale, Knee injury
Osteoarthritis and Outcome Score (KOOS), International Knee Documentation Committee score, and ACL Quality of Life Ques-
tionnaire. Patients were reviewed at 3, 6, 12, and 24 months postoperatively.

Results: A total of 618 patients (297 males; 48%) with a mean age of 18.9 years (range, 14-25 years) were randomized. A total of 436
(87.9%) patients presented preoperatively with high-grade rotatory laxity (grade 2 pivot shift or greater), and 215 (42.1%) were diag-
nosed as having GLL. There were 18 patients lost to follow-up and 11 who withdrew (~5%). In the ACLR group, 120/298 (40%) patients
sustained the primary outcome of clinical failure, compared with 72/291 (25%) in the ACLR+LET group (relative risk reduction [RRR],
0.38; 95% Cl, 0.21-0.52; P < .0001). A total of 45 patients experienced graft rupture, 34/298 (11%) in the ACLR group compared with
11/291 (4%) in the ACL+LET group (RRR, 0.67; 95% CI, 0.36-0.83; P < .001). The number needed to treat with LET to prevent 1
patient from graft rupture was 14.3 over the first 2 postoperative years. At 3 months, patients in the ACLR group had less pain as mea-
sured by the P4 (P = .003) and KOOS (P = .007), with KOOS pain persisting in favor of the ACLR group to 6 months (P = .02). No
clinically important differences in patient-reported outcome measures were found between groups at other time points. The level of
sports activity was similar between groups at 2 years after surgery, as measured by the Marx Activity Rating Scale (P = .11).

Conclusion: The addition of LET to a single-bundle hamstring tendon autograft ACLR in young patients at high risk of failure results
in a statistically significant, clinically relevant reduction in graft rupture and persistent rotatory laxity at 2 years after surgery.

Registration: NCT02018354 (ClinicalTrials.gov identifier)
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Traditional, single-bundle anterior cruciate ligament

'1|'E1$3American Journal of Sports Medicine (ACL) reconstruction (ACLR) techniques have been dem-
DOI: 10.1177/0363546519896333 onstrated to provide good subjective results; however, mul-
© 2020 The Author(s) tiple studies have shown that many patients continue to
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experience objective rotatory laxity as measured by the
pivot-shift test.33® A positive pivot-shift test and persistent
rotatory laxity have been shown to correlate with poor clini-
cal outcomes, graft failure, and the subsequent need for revi-
sion surgery.* The rate of revision surgery has been shown to
be higher in young patients returning to pivoting sports such
as soccer, rugby, and basketball.®57-58

Modifications of surgical techniques including double-
bundle reconstruction®® and anatomic single-bundle recon-
struction”? have been proposed in an attempt to address
the problem of persistent anterolateral rotatory laxity.
Although a number of biomechanical studies have shown
improvements in rotatory control with these techniques,%3%6°
no clinical study has resulted in superior patient-reported out-
comes over conventional techniques.>®® Additionally, higher
failure rates have been reported in a number of studies in
which an anatomic surgical technique was performed, sug-
gesting that a more anatomic ACL graft placement may
lead to greater forces being placed on the ACL graft, resulting
in a subsequent increase in risk of graft rupture.®*2

More recently, a significant focus has been placed upon
the anterolateral complex (ALC), a combination of struc-
tures on the lateral side of the knee that have been demon-
strated to aid in the control of anterolateral rotatory
laxity. 8152939 The ALC includes the superficial and deep
iliotibial band (ITB), the capsulo-osseous layer of the
ITB,**%7 and a thickening of the lateral capsule referred
to as the anterolateral ligament (ALL).®®*%® Cadaveric
studies have shown that in conjunction with ACLR, lateral
extra-articular tenodesis (LET) is an excellent surgical
technique to control anterolateral rotatory laxity of the
knee due to injury or deficiency of the ALC.14?223 LET is
not a new concept. It was originally used to treat the
ACL-deficient knee in the absence of intra-articular recon-
struction techniques.?® A number of procedures have been
described, each having the common goal of placing a lateral
soft tissue restraint a distance from the central pivot of the
knee, thereby improving the mechanical advantage to con-
trol rotation when treating the ACL-deficient knee.?® With
the advent of intra-articular reconstruction, in particular
the introduction of arthroscopic techniques, LET went
somewhat out of fashion, particularly in light of a number
of clinical studies that did not demonstrate any advantage
of its use.2*! However, a number of more recent systematic
reviews and meta-analyses have clearly demonstrated that
the addition of LET to an intra-articular ACLR helped con-
trol rotatory laxity as measured by the pivot shift.!0:2%-49
What is clear from these studies is that no adequately
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powered, methodologically rigorous study has been per-
formed to detect a clinically relevant reduction in ACLR
failure after a combination of an intra-articular ACLR
with LET in patients who are thought to be at higher
risk of early graft rupture.?%3!

The purpose of this study was to determine whether
single-bundle hamstring ACLR combined with a modified
Lemaire LET results in a reduced rate of ACLR failure, com-
pared with ACLR alone, in young patients undergoing ACLR
who have risk factors that are thought to place them at high
risk for graft rupture. The null hypothesis was that ACLR
with LET offers similar outcomes compared with ACLR alone
in patients who are at high risk of graft rupture.

METHODS
Study Design and Participants

This study was a pragmatic, parallel groups, multicenter,
randomized clinical trial in which young patients with
ACL deficiency were randomly allocated to undergo
ACLR alone or ACLR with LET. A total of 7 study centers
in Canada and 2 centers in Europe actively recruited
patients. The study was approved by the Health Sciences
Research Ethics Board at Western University and at local
research ethics boards at each institution and was regis-
tered on Clinical Trials.gov (NCT02018354).

A full study protocol has previously been published.®
Patients were approached for participation if they were
between 14 and 25 years old, had an ACL-deficient knee,
and were thought to be at higher risk of reinjury based on
the presence of 2 or more of the following factors: (1) partici-
pation in competitive pivoting sports,® (2) presence of a grade
2 pivot shift or greater, (3) generalized ligamentous laxity
(Beighton score of 4 or greater®) or genu recurvatum greater
than 10°.32 Patients were ineligible if any of the following
were present: (1) previous ACLR on either knee, (2) multili-
gament injury (>2 ligaments requiring surgical attention),
(3) a symptomatic articular cartilage defect requiring treat-
ment other than debridement, (4) greater than 3° of asym-
metric varus, (5) unable or unwilling to be followed up for 2
years postoperatively, (6) skeletally immature.

After willingness to participate was determined,
arthroscopy of the knee was performed to confirm study
eligibility. If eligible, the patient was then randomized in
a 1:1 ratio, via telephone or a web-based software program
(Empower Inc), to undergo either an ACLR alone or an
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Figure 1. Lateral extra-articular tenodesis procedure. (A) Right knee at 90° of flexion demonstrating the position of a 5- to 6-cm
incision placed just posterior to the lateral femoral epicondyle. (B) A 1 X 8-cm strip of the posterior half of the iliotibial band is fash-
ioned leaving the attachment at the Gerdy tubercle intact. (C) The whipstitched free end of the graft is passed deep to the fibular
collateral ligament close to its femoral attachment. (D) The graft is attached to the metaphyseal flare of the lateral femoral condyle in
close proximity to the distal Kaplan fiber attachment. The graft is fixed with a Richards staple (Smith & Nephew) with the knee held at
60°-70° of flexion, neutral rotation, with minimal tension applied to the graft. The graft is then folded back on itself and sutured.

ACLR with LET. The randomization was stratified by sur-
geon, sex, and meniscal repair that would alter rehabilita-
tion in permuted block sizes of 2 and 4 to ensure that the
difference in outcome attributable to these factors was bal-
anced between groups and that groups were similar in size.

Study Treatments

All patients, regardless of group allocation, underwent
a hamstring autograft ACLR performed in a standardized
fashion across all study sites. Specifically, an anatomic
transportal femoral tunnel drilling technique was used. If
the diameter of the hamstring ACL graft was less than
8 mm, the semitendinosus tendon and/or gracilis was tripled
or quadrupled to achieve a larger graft diameter.>! The
maximum final graft diameter was then recorded. Femoral
fixation was provided by a cortical suspensory fixation
device (Endobutton CL, Smith & Nephew Inc; Exobutton,
Conmed) and tibial fixation provided by interference screw
with or without a back-up screw or staple fixation.

Of those patients randomized to receive LET, surgeons
used a modified Lemaire technique (Figure 1).34 An oblique
skin incision was made between the lateral femoral epicon-
dyle and Gerdy tubercle, measuring approximately 5 cm. A
1 X 8—cm strip was harvested 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

suture. The fibular collateral ligament (FCL) was identi-
fied, and the ITB graft was passed deep to the FCL and
then fixed to the distal femur just anterior to the intermus-
cular septum and proximal to the femoral attachment site
of the FCL using a barbed Richards fixation staple (Smith
& Nephew). Fixation was performed with the knee at 60°
to 70° of flexion and the tibia at 0° of rotation. Minimal ten-
sion was applied to the ITB graft. The free end of the ITB
graft was then looped back onto itself and sutured via the
No. 1 Vicryl suture. The ITB defect was then partially
closed up to and not including the transverse retinacular
ligament.

All patients, regardless of group allocation, received the
same preoperative and postoperative oral and written stan-
dardized instructions for postoperative rehabilitation. The
postoperative rehabilitation program focused on early range
of motion and weightbearing as tolerated, unless a meniscal
repair dictated otherwise. The patient’s physical therapist
received a copy of the standardized protocol. A brace was
not routinely used. A detailed description of the postopera-
tive rehabilitation protocol can be found in the Appendix
(available in the online version of this article). No specific
return to sports criteria were used, although surgeons
were encouraged to wait at least 9 months after surgery
before allowing return to high-risk sport, and a similar
timeline was suggested in the standardized physical ther-
apy protocol distributed to physical therapists.
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CLINICAL FAILURE

Persistent asymmetric pivot shift

Figure 2. Diagram illustrating the composite primary outcome
of anterior cruciate ligament reconstruction clinical failure.

Outcome Measures

Patients were evaluated at 3, 6, 12, and 24 months after sur-
gery. A Tubigrip elastic bandage that covered the knee and
distal thigh was worn by the patient to ensure that the skin
incision used to perform the LET was not visible, thus ensur-
ing that the examiners were blinded to group allocation.

The primary outcome was ACLR clinical failure, a com-
posite measure of rotatory laxity defined as 1 or more of
a persistent (detected at >2 visits) mild asymmetric pivot
shift (grade 1), a moderate or severe (grade 2 or 3) asym-
metric pivot shift at any follow-up visit, or a graft rupture.
Graft rupture was defined as a tear of the graft confirmed
by either magnetic resonance imaging or arthroscopic
examination (Figure 2).

The pivot-shift test has been reported by Scholten et al*®
as the most specific of all clinical ACL tests (with a specific-
ity of 0.97-0.99 and sensitivity of 0.18-0.48). The presence
of a positive pivot-shift test after ACLR is a well-accepted
definition of a failed ACLR.?>®7 A systematic review has
also shown that a positive pivot-shift test correlates with
a poor functional outcome.* An appropriately trained clini-
cian who was not a member of the surgical team, blinded to
group allocation, performed the assessment of the primary
outcome at each visit. The pivot shift was graded as per the
International Knee Documentation Committee (IKDC) as
either equal (grade 0), a + glide (grade 1), a ++ clunk
(grade 2), or +++ gross reduction (grade 3).1"

Secondary outcome measures consisted of a range of
patient-reported outcome scores including the P4, Marx
Activity Rating Scale, ACL Quality of Life Questionnaire
(ACL-QOL), IKDC score, and the Knee injury Osteoarthritis
and Outcome Score (KOOS). The P4 consists of 4 items that
address pain intensity in the morning, afternoon, evening,
and with activity over the past 2 days.’'®2 Each item is
scored on a 0- to-10 numerical rating scale; therefore, the

The American Journal of Sports Medicine

total P4 scores can vary from 0 (no pain) to 40 (the highest
possible pain level). The Marx Activity Rating Scale asks
the patients to indicate how often each of 4 movements (run-
ning, cutting, deceleration, pivoting) were performed over
the past year at their healthiest, most active state. Each
item is scored from O (less than once per month) to 4 (>4
times per week) for a maximum score of 16.>3> The ACL-
QOL is a disease-specific quality of life scale consisting of
5 domains that cover physical symptoms, occupational con-
cerns, recreational activities, lifestyle, and social and emo-
tional aspects.?® Each item has one 100-mm visual analog
scale response option, with labeled anchors at 0 mm (eg,
extremely difficult) and 100 mm (eg, not difficult at all).
Scores are calculated by summing the items to a total aver-
age score out of 100%, where 100% represents the best pos-
sible score. The subjective IKDC score is an 18-item, region-
specific, patient-reported questionnaire containing the
domains of symptoms, function, and sports activities.?*
Response types include 5-point Likert scales, 11-point Lik-
ert scales, and dichotomous “yes or no” responses. The
IKDC has been proven to be a valid and reliable instrument
for patients who have knee injury and disability.?* The
KOOS**7 is a 42-item knee-specific questionnaire with 5
separately reported domains, including pain (9 items), other
symptoms (7 items), function in daily living (17 items), func-
tion in sports/recreation (5 items), and knee-related quality
of life (4 items). Domain scores represent the average of all
items in the domain standardized to a score from 0 to 100
(worst to best). This instrument has face validity, has dem-
onstrated construct validity and excellent test-retest reli-
ability for each domain (range, 0.75-0.93), and has been
shown to be responsive to change.>64647

Adverse Events

Due to past concerns of complications associated with lat-
eral tenodesis, any adverse event that occurred during the
study period associated with the LET was recorded prospec-
tively. Range of motion was measured in a standardized
manner with a handheld goniometer to document motion
loss, and any other signs of clinical problems such as persis-
tent effusion or wound complications were recorded.

Statistical Analysis

We estimated that within this group of high-risk patients,
the absolute risk (AR) of clinical failure (as defined above)
in the patients who underwent ACLR would range from
25% to 35%.29313757 Tt was thought that a relative risk
reduction (RRR) in ACLR failure rate of at least 40% would
merit a change in practice (ie, is of sufficient magnitude to
warrant the additional costs related to the LET procedure).
Thus, with 255 patients per group and a type I error rate of
5%, we would have approximately 80% power to detect the
RRR in rate of clinical failure in the LET of 40% or greater.
Because we expected a combined withdrawal and loss-to-
follow-up rate of about 15%, we aimed to recruit a total
of 600 patients (300 per group).

All patients were analyzed in the group to which they
were randomized (ie, intention to treat principle). For the
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primary outcome, we calculated the AR of clinical failure in
each group, the RRR, and the risk difference (RD) of clinical
failure with 95% ClIs around each estimate, using a Mantel-
Haenszel test (random effect of surgeon) to determine the
significance of the association between the addition of LET
and ACLR failure rates. The number needed to treat
(NNT) was calculated to describe the number of patients
who needed to receive LET to prevent 1 clinical failure
over the first 2 postoperative years. We conducted the
same analysis for graft rupture.

For the secondary outcome measures (P4, ACL-QOL,
KOOS, IKDC), the mean and standard error for each group
at each time point were calculated with the mean between-
group difference with 95% CI at 1 and 2 years postopera-
tively. We used an analysis of covariance where the preoper-
ative (baseline) score was used as a covariate. We also
conducted nonparametric tests of the distribution and median
values between groups and found similar results.

We conducted a sensitivity analysis using the multiple
imputation function in SPSS (IBM version 25) and used
the fully conditional specifications approach where poten-
tial predictors of missingness (center and visit) and out-
come (sex, group allocation, and data collected for all
visits of the same outcome measure) were included as pre-
dictors and imputed to improve the accuracy of predictions.
We used 15 iterations, conducted a diagnostic evaluation
on the data from each iteration, and conducted the analy-
ses using the pooled data sets.

RESULTS
Patient Characteristics

Enrollment of patients occurred between January 2014 and
March 2017. Of the 1033 patients screened for eligibility
(Figure 3), 367 were ineligible and 48 declined participation.
Thus, 618 patients were randomized; 589 completed the
study, with 18 patients lost to follow-up and 11 withdrawals
(5% attrition rate). No statistical differences were found
between groups for any patient characteristics (Table 1).
Importantly, the mean age of the patients was 18.9 years
(range: 14-25 years) with over two thirds being involved in
contact pivoting sports, 436 patients (87.9%) presenting pre-
operatively with high-grade rotatory laxity (grade 2 pivot or
greater) and 215 patients (42.1%) diagnosed as having GLL,
representing a cohort of patients at high risk of ACLR
failure.

Primary Outcome

In the ACLR group, 120 of 298 (40%) patients sustained
the primary outcome of ACLR clinical failure compared
with 72 of 291 (25%) ACLR+LET patients (RRR, 0.38;
95% CI, 0.21-0.52; P < .0001). The RD was 15.5% (95%
CI, 8%-23%). The NNT was 6.7; that is, approximately 7
patients with an ACL rupture need to undergo LET during
ACLR to prevent 1 patient from experiencing clinical fail-
ure (persistent rotatory laxity or graft rupture) over the
first 2 years postoperatively. In total, 45 patients
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[ Screened (n = 1033)

Declined (n =48)
Inehglble at screening (n = 307)

133 >25 years of age or skeletally immature
= 58 multiligament
= 48 previous ACL reconstruction
= 33 symmetric pivot shift and no generalized laxity/no sports
= 25 patients elected for BPTB graft reconstruction
= 21 chose nonoperative management
= 5 severe OA (recommended for arthroplasty or concomitant HTO)
= 5 no English or cognitive or psychological impairment
= 4 bilateral ACL reconstruction
= 4 partial femoral, tibial, or patellar fracture (other than Segond)
2 history of metabolic bone, collagen, crystalline, degenerative disease
. lnehglble at surgery (n=51)
25 partial ACL tear
= 5 other ligament instability requiring repair
= 8 articular cartilage requiring more than debridement
= 5 hamstring graft too small
= 4 symmetric pivot shift under anaesthetic

= 4 missed
= Recruitment ended (n = 9)

[ Randomized (n = 618) ]

[ ACLR alone (n=312) ] [ ACLR + LET (n = 306)

Primary outcome (n = 298)
= Excluded from analysis (5%)
« Lost to follow-up (n=8)
*  Withdrawn (n = 6)
PROs (n = 265)
e Primary analysis (15% missing)
= Sensitivity MICE analysis (n = 312)

Primary outcome (n=291)
= Excluded from analysis (6%)
* Lost to follow-up (n=10)
¢ Withdrawn (n = 5)
PROs (n = 269)
= Primary analysis (12% missing)
= Sensitivity MICE analysis (n = 306)

Figure 3. CONSORT (Consolidated Standards of Reporting
Trials) flow diagram for the Stability Study. ACL, anterior cru-
ciate ligament; ACLR, anterior cruciate ligament reconstruc-
tion; BPTB, bone-patellar tendon-bone; HTO, high tibial
osteotomy; LET, lateral extra-articular tenodesis; MICE, mul-
tivariate imputation by chained equations; OA, osteoarthritis;
PRO, patient-reported outcome.

experienced graft rupture, 34 of 298 (11%) in the ACLR
group compared with 11 of 291 (4%) in the ACL+LET
group (RRR, 0.67; 95% CI, 0.36-0.83; P < .001). The RD
was 8% (95% CI, 3%-12%). The NNT was 14.3; that is,
approximately 14 patients need to be treated with LET
at the time of ACLR to prevent 1 patient from graft rupture
over the first 2 years postoperatively.

Clinical failure and graft rupture were further broken
down by age category, as shown in Figure 4. This shows
that the failures were primarily in patients younger than
20 years, with the addition of the LET being protective
for both age groups.

Secondary Outcomes

For both groups, pain was minimal by 3 months (approxi-
mately 8/40 on the P4) but was less in the ACLR-alone
group compared with the ACLR+LET group (adjusted
mean difference, —1.6; 95% CI, -2.7 to —0.6; P = .003).
This difference was not observed past 3 months
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TABLE 1
Patient Characteristics®
ACLR Alone ACLR+LET P Value
Sex, male, n (%) 151 (48) 151 (49) 44
Age, y 18.8 = 3.2 19.1 + 3.3 .33
Height, cm 173 £ 9 172 £ 9 .29
Weight, kg 71.8 = 14.8 71.3 + 14.3 .75
BMI, kg/m? 23.8 = 3.7 24.0 = 3.8 .68
Beighton score, 0-9 3.1 =27 3.0 £ 2.8 .58
Eligibility criteria, n (%)° .37
+GLL, +pivot, +sport 125 (40) 124 (41)
+GLL, +pivot, —sport 11 (4) 9(3)
+GLL, —pivot, +sport 28 (9) 17 (6)
—GLL, +pivot, +sport 144 (47) 153 (50)
Time from injury to surgery, mo 8.1 = 18.9 9.3 = 16.7 41
Operative limb dominant, n (%) 161 (52) 156 (52) 98
Noncontact mechanism of injury, n (%) 176 (74) 166 (72) .32
Sport played at time of injury, n (%) .06
Soccer 100 (32) 122 (39)
Basketball 54 (18) 36 (12)
Football or rugby 54 (18) 56 (19)
Downhill skiing 16 (5) 13 (4)
Volleyball 19 (6) 12 (4)
Other 66 (21) 66 (22)
Sport played at time of RTS, n (%) .38
Soccer 72 (23) 81 (26)
Basketball 37 (12) 27 (9)
Football or rugby 27 (9) 30 (10)
Downhill skiing 13 (4) 10 (3)
Volleyball 16 (5) 15 (5)
Other 99 (32) 87 (28)
Did not return to sport 47 (15) 56 (18)
Smoking status, n (%) .49
Current smoker 17 (5) 16 (5)
Ex-smoker 11 (4) 6 (2)
Nonsmoker 279 (91) 279 (93)
Graft source, n (%) 57
Semitendinosus and gracilis tendons 301 (96) 297 (96)
3 strand 2 (<1) 2 (<1)
4 strand 140 (45) 135 (44)
5 strand 119 (38) 119 (39)
6 strand 38 (12) 39 (13)
Semitendinosus tendon 11 (4) 11 (4)
3 strand 5(2) 3 (1)
4 strand 6 (2) 8 (3)
Graft diameter, mm, median (min, max) 8 (6, 10) 8 (6, 10) .32
Meniscectomy, n (%)
Medial 21 (7) 18 (6) .22
Lateral 67 (22) 54 (18) .35
Both 11 (4) 12 (4) .38
Meniscal repair, n (%) <.05
Medial 75 (24) 91 (20)
Lateral 36 (12) 24 (8)
Both 19 (6) 18 (6)
Change in rehabilitation due to meniscal repair, n (%) 51 (16) 50 (16) .84
Chondral defect, ICRS >3 any compartment, n (%) 15 (5) 14 (4) .52
Time to RTS, mo, median (IQR) 11 (8-14) 11 (8-17) .01
Exposure to sport, mo, median (IQR) 13 (4-16) 13 (5-15) .40

“Values are reported as mean + SD unless otherwise noted. ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; GLL,
generalized ligamentous laxity; ICRS, International Cartilage Repair Society; IQR, interquartile range; LET, lateral extra-articular tenod-

esis; RTS, return to sport.

®Plus symbol indicates the feature is present; minus symbol indicates the feature is absent. GLL refers to a Beighton score >4 or knee
hyperextension of >10°; pivot refers to a preoperative asymmetry grade 2 or more; sport refers to a participation in organized sports.
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% ACLR + LET ACLR alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
14t019vyo 49 17 83 187 68.0% 0.65[0.49, 0.86] ]
20to 25vy0 22120 3/ 112 320% 0.57 [0.36, 0.91] ——
Total (95% CI) 291 299 100.0% 0.62[0.49,0.79] &
Total events 71 119
ity: Chi®= = = - [B= I } } i
Tostor cverall foct 22302 (= 0.0001) 010
estfor overall sffect.-Z = 3,82 (F=10.0001) ACLR +LET ACLR alone
B ACLR +LET ACLR alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
14t019y0 10 171 28 187 81.2% 0.39([0.20,0.78]
2010 25y0 1 120 6 112 18.8% 016[0.02,1.27] -
Total (95% ClI) 291 299 100.0%  0.35[0.18,0.67] e
Total events 11 34
Heterogeneity: Chi*= 0.67, df=1{P=041), F=0% Nt 01 5 100

Test for overall effect: Z= 319 (P =0.001)

Favours ACLR+LET Favours ACLR alone

Figure 4. Forest plots showing (A) clinical failure by age 14-19 years and 20-25 years and (B) graft failure by age 14-19 years and
20-25 years. ACLR, anterior cruciate ligament reconstruction; LET, lateral extra-articular tenodesis; M-H, Mantel-Haenszel.

postoperatively (Table 2). Figure 5 presents the median and
interquartile range of the same data by group and by visit.

As shown in Table 1, there was a slight delay to return to
sports for the ACLR+LET group (P = .01) with no difference
in months of exposure to sport (P = .4). Importantly, no differ-
ence was found in the type of sports that patients returned to
postoperatively. Furthermore, both groups had a similar
Marx Activity Rating Scale score at baseline and 24 months
postoperatively (Table 2). Preoperatively, the median activity
rating was nearly maximal for both groups. However, by 24
months postoperatively, both groups were approaching a sim-
ilar level of activity as preoperatively with a distribution that
implies a greater proportion of patients in the ACLR-alone
group with lower levels of activity (Figure 6).

The ACL-QOL disease-specific questionnaire showed
continuing and similar improvement in quality of life
between the 2 groups over the first 2 postoperative years
after ACLR (Figure 7). The knee-specific IKDC (Figure 8)
and all domains of the KOOS (Figure 9) were statistically
different at 3 and 6 months postoperatively in favor of
the ACLR-alone group. These differences were no longer
present at 12 and 24 months postoperatively. Nonparamet-
ric tests of the medians and distributions for all 3 outcome
measures showed similar or even less impressive between-
group differences. Analyses of between-group differences
using repeated measures were not statistically significant.

Safety

Overall, the number of LET-related complications or adverse
events was low (Table 3). The addition of LET resulted in an
increased number of patients reporting hardware irritation
in the LET group (14 vs 4). In the LET group, 13 of 14
patients reported pain or sensitivity over the LET staple,
and 1 of 14 had pain over the ACLR staples. Of the 13

patients with LET hardware pain, 10 patients elected to
have the LET staple removed. All patients reporting pain
over the ACLR staples elected to have them removed.

No difference in range of motion was observed between
the 2 groups at 12 and 24 months (Table 4).

DISCUSSION

The most important finding from this study was that the addi-
tion of LET to a single-bundle hamstring tendon autograft
ACLR in patients younger than 25 years significantly reduced
the composite primary outcome of graft rupture and persis-
tent rotatory laxity (clinical failure) compared with conven-
tional ACLR alone. To our knowledge, this is the first
adequately powered study that has shown a clinically signifi-
cant reduction in failure rates when comparing 2 different
ACLR surgical techniques specifically in a young cohort of
patients.

Multiple studies have demonstrated that age is a signif-
icant predictor of ACL graft rupture, likely as a result of
the increased level of sports participation.?*” Most ran-
domized studies investigating ACLR surgery have
included all patients with an ACL injury and have not spe-
cifically focused on patients in the younger, high-risk age
group. By limiting inclusion to patients between 15 and
25 years of age and requiring patients to have a number
of physical characteristics associated with high-grade rota-
tory laxity, we ensured that our study involved patients
who were deemed as being at high risk of reinjury, which
is clearly demonstrated by the event rate that we observed
between the 2 patient groups. Notably, the addition of LET
to the hamstring tendon autograft ACLR resulted in an
RRR in graft rupture of 66% (95% CI, 0.35-0.81) and an
RRR in ACLR clinical failure (graft rupture plus persistent
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TABLE 2
Results of Patient-Reported Outcomes for Each Group Over Time®
ACLR Alone ACLR+LET Adjusted MD (95% CI) P Value

P4

3 mo 6.8 £ 0.4 84 04 -1.6 (2.7 to -0.6) .003

6 mo 45+ 04 54 +04 -0.8 (-1.9 t0o 0.1) .09

12 mo 3.1 +0.3 3.3 £0.3 0.0 (0.9 to 0.6) .92

24 mo 2.6 £0.3 2.7+ 0.3 -0.2 (-1.1 to 0.7) .70
Marx Activity Rating Scale

Baseline 12.7 = 4.7 12.1 £ 55 1.5 (-0.2 to 1.4) .13

24 mo 9.6 £ 46 10.3 £ 45 -1.6 (-1.4 to 0.1) 11
ACL-QOL

3 mo 43.5 £ 1.0 416 £ 1.0 1.9 (-0.8 to 4.7) 17

6 mo 56.5 = 1.2 53.7 = 1.2 2.8 (0.5 t0 6.1) .09

12 mo 74.0 + 14 69.1 = 14 4.9 (1.0 to 8.7) .01

24 mo 782 + 1.5 76.7 = 1.5 1.5 (2.7 to 5.8) .48
IKDC

3 mo 62.9 + 0.8 60.2 = 0.8 2.7 (0.6 to 4.9) .01

6 mo 76.7 = 0.7 74.5 = 0.7 2.2 (0.2 to 4.1) .03

12 mo 85.0 = 0.8 83.3 = 0.8 1.7 (-0.5 to 4.0) .14

24 mo 86.6 = 0.8 87.3 £ 0.8 -0.7 (3.1 to 1.6) .54
KOOS Pain

3 mo 81.5 = 0.7 78.8 = 0.7 2.7 (0.7 to 4.6) .007

6 mo 87.6 = 0.6 85.7 = 0.6 1.8 (0.2 to 3.5) .02

12 mo 91.2 = 0.6 90.2 = 0.6 1.1 (-0.5 to 2.7) .20

24 mo 919 + 0.6 92.1 = 0.6 —0.3 (2.0 to 1.4) .76
KOOS Symptoms

3 mo 71.8 = 0.9 67.9 = 0.9 3.4 (1.0 to 5.9) .005

6 mo 80.7 = 0.8 77.0 = 0.8 3.6 (1.3 to 5.9) .002

12 mo 83.1 = 0.8 82.7 = 0.8 0.4 (1.9 to 2.6) .75

24 mo 84.6 = 0.8 84.7 = 0.8 —0.1 (-2.4 to 2.2) .92
KOOS ADLs

3 mo 91.0 = 0.6 88.5 = 0.6 2.5 (0.7 to 4.2) .006

6 mo 96.1 =+ 0.4 94.6 = 04 1.6 (0.5 to 2.6) .004

12 mo 97.2 + 04 96.5 = 0.4 0.7 (-1.4 to 1.7) .18

24 mo 97.2 + 04 97.0 x 04 0.2 (-0.9 to 1.3) 72
KOOS Recreation

3 mo 54.8 + 1.3 50.1 = 1.0 4.7 (1.0 to 8.4) .01

6 mo 74.2 =+ 1.0 70.7 = 1.1 3.4 (0.5 to 6.4) .02

12 mo 82.5 + 1.1 80.9 = 1.1 1.6 (-1.4 to 4.6) 31

24 mo 85.1 = 1.1 85.3 =+ 1.1 0.2 (-3.2 to 2.6) .90
KOOS QOL

3 mo 454 + 1.0 424 + 1.0 3.0 (0.2 to 5.8) .03

6 mo 58.0 + 1.1 544 + 1.1 3.6 (0.6 to 6.5) .02

12 mo 69.3 = 1.2 65.2 = 1.2 4.0 (0.8 to 7.3) .02

24 mo 749 + 1.3 75.4 = 1.3 -1.1 (4.7 to 2.5) .55

“Values for the 2 groups are expressed as mean = SE. P values in bold represent statistically significant difference. ACL, anterior cruciate
ligament; ACL-QOL, ACL Quality of Life Questionnaire; ACLR, ACL reconstruction; ACLR+LET, ACLR with lateral extra-articular tenod-
esis; IKDC, International Knee Documentation Committee; KOOS, Knee injury Osteoarthritis and Outcome Score; KOOS ADLs, KOOS
Activities of Daily Living; KOOS QOL, KOOS Quality of Life; MD, mean between-groups difference.

rotatory laxity) of nearly 40% (95% CI, 0.22-0.52). We
believe that this difference is clinically important and
should probably change current practice. Interestingly,
the majority of graft ruptures occurred in the under-20
age group, suggesting that these patients may represent
the highest risk group. However, due to the smaller num-
ber of patients and low event rate in the over-20 age group,
we cannot draw firm conclusions from this with any statis-
tical certainty. As with previous studies, the higher risk of
reinjury is probably less likely to do with biological young

age but more an indication of sports participation and
exposure to at-risk activities.2’

We did observe a similar activity level between groups
as shown by the Marx Activity Rating Scale at 24 months
postoperatively. The difference in the distribution of activ-
ity at 24 months postoperatively (Figure 6) can likely be
explained by the greater number of re-ruptures in the
ACLR-alone group, where patients who had a second
ACLR were unlikely to have returned to full activity by
study end at 24 months.
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Boxplot of P4 Score by Visit by Group
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Figure 5. Boxplot showing P4 score by group by visit. Solid
black lines represents group median, colored boxes represent
interquartile range, whiskers represent minimum and maxi-
mum values, solid dots represent known outliers, and aster-
isks represent unknown outliers. ACLR, anterior cruciate
ligament reconstruction; LET, lateral extra-articular tenodesis.

Boxplot of Marx Activity Rating Scale by Visit by Group
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Figure 6. Boxplot showing Marx Activity Rating Scale by
group by visit. Solid black lines represent group median, col-
ored boxes represent interquartile range, whiskers represent
minimum and maximum values, and solid dots represent
known outliers. ACLR, anterior cruciate ligament reconstruc-
tion; LET, lateral extra-articular tenodesis.

Furthermore, return to sports was delayed by approxi-
mately 1 month in the ACLR+LET group. However,
when adjusted for exposure time, the delay in return to
sport could not explain the difference in clinical failure
and graft rupture between groups.

Our results support the findings of recent biomechani-
cal laboratory studies that have demonstrated current
ACLR techniques do not restore native knee kinemat-
ics.1*23 In these cadaveric studies, normal knee kinematics
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Boxplot of ACL-QOL by Visit by Group
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Figure 7. Boxplot showing ACL Quality of Life Questionnaire
(ACL-QOL) score by group by visit. Solid black lines repre-
sent group median, colored boxes represent interquartile
range, whiskers represent minimum and maximum values,
and solid dots represent known outliers. ACL, anterior cruci-
ate ligament; ACLR, ACL reconstruction; LET, lateral extra-
articular tenodesis.

Boxplot of IKDC by Visit by Group
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Figure 8. Boxplot showing International Knee Documenta-
tion Committee (IKDC) score by group by visit. Solid black
lines represents group median, colored boxes represent inter-
quartile range, whiskers represent minimum and maximum
values, solid dots represent known outliers, and asterisks rep-
resent unknown outliers. ACLR, anterior cruciate ligament
reconstruction; LET, lateral extra-articular tenodesis.

are restored only by the addition of LET or a reconstruction
of the ALC to the intra-articular ACLR. This finding sug-
gests that anterolateral rotatory laxity results from a com-
bination of injury to the ACL as well as the ALC and that
in certain situations an ACLR alone may be unable to com-
pletely control anterolateral rotatory laxity. Therefore,
LET or reconstruction of the ALC may be necessary to
restore rotation to normal.
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Boxplot of KOOS Total by Visit by Group
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Figure 9. Boxplot showing Knee injury Osteoarthritis and
Outcome Score (KOOS) total score by group by visit. Solid
black lines represents group median, colored boxes represent
interquartile range, whiskers represent minimum and maxi-
mum values, solid dots represent known outliers, and aster-
isks represent unknown outliers. ACLR, anterior cruciate
ligament reconstruction; LET, lateral extra-articular tenodesis.

Although imaging and clinical studies have documented
that injuries to the ALC can often be observed after an
ACL injury,''® it is not clear whether acute injuries to
the ALC heal. Although our study demonstrates that the
addition of LET decreases ACLR failure and, importantly,
graft rupture rates, the question of the mechanism of
action of the LET cannot be answered. One hypothesis is
that LET may reduce load on the healing intra-articular
ACL graft. This hypothesis is supported by a cadaveric
study by Engebretsen et al,'> who demonstrated that the
addition of LET to ACLR resulted in a reduction of ACL
graft strain by 43%. It is possible that LET may function
to protect the ACL graft while it heals and remodels during
the ligamentization phase.

This is not the first study to demonstrate the advantages
of adding an extra-articular procedure to an intra-articular
ACLR. Noyes and Barber®® published a series of allograft
intra-articular reconstructions augmented with LET using
a strip of ITB. The investigators reported significant
improvements in all outcome scores at 2 years, with a statis-
tically significant reduction in graft failure in the extra-
articular group (3%) compared with the intra-articular
group (16%). More recently, Sonnery-Cottet et al®® pub-
lished a nonrandomized comparative cohort of 512 ACLRs
performed with either patellar tendon autograft or ham-
string tendon autograft, the latter with or without an ALL
augmentation. Similar to the current study, those investiga-
tors observed that the addition of the ALL reconstruction
resulted in a significantly reduced graft rupture rate.

However, a study by O'Brien et al*' comparing bone—
patellar tendon-bone autograft ACLR with or without
LET in 80 patients seemed to have a huge influence on
the reduced use of LET in ACLR in North America.*® This
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TABLE 3
LET-Related Adverse Events®

Complication/Adverse Event Frequency, n (%)

Intraoperative
LET graft difficulties at surgery 6 (2)
Damage to FCL attachment (repaired) 1(<1)
Postoperative
Hematoma over LET site 3 (<1)
ITB snapping 2 (<1
LET hardware removal 10 (3)
Overconstrained lateral compartment 1(<1)

“FCL, fibular collateral ligament; ITB, iliotibial band; LET, lat-
eral extra-articular tenodesis.

underpowered, nonrandomized retrospective review
observed no clinical differences between groups and con-
cluded that the addition of LET conferred no benefit and
may result in overconstraint of joint motion and an
increased risk of lateral compartment osteoarthritis (OA).
However, 2 European studies with greater than 20 years fol-
low-up have not demonstrated an increased rate of OA
development with the addition of LET.**5! Furthermore,
a recent meta-analysis also found no correlation between
LET and OA.! Importantly, in the current study, we did
not find a significant increase in the number of serious
adverse events in the LET group. We did observe that
a number of patients in the ACLR+LET group reported
hardware irritation that necessitated staple removal. Addi-
tionally, we found that a greater number of patients in the
ACLR+LET group had higher pain scores in the first 3
months compared with the ACLR-only group. Although we
noted statistically significant differences in patient-reported
outcome measures out to 6 months in favor of ACLR alone,
these did not reach a minimal clinically important differ-
ence for the respective scores. Longer term follow-up of
our patients is required to investigate whether there are dif-
ferences in lateral compartment degenerative change.

Our study has a number of limitations. First, patients
were not blinded to their treatment allocation. This was
not possible due to the presence of the lateral incision
used to perform the LET. However, this bias was minimized
by having the patients wear a Tubigrip bandage that cov-
ered the lateral incision at the time of clinical examination,
and a clinician blinded to group allocation assessed the pri-
mary outcome with a second data assessor blinded to group
allocation assessing secondary outcomes. A second limita-
tion is that we used the pivot-shift test as a component of
the primary outcome assessment. Although we recognize
that it is difficult to standardize the pivot shift across 9 cen-
ters, we attempted to reduce the subjectivity of the test by
making its interpretation as simple as possible. An asym-
metric grade 1 pivot shift had to be recorded on at least 2
separate clinic visits, and the determination of an asymmet-
ric grade 2 or 3 pivot shift had to be made only once, with no
emphasis on differentiating between grades 2 and 3.

Third, we elected to use only hamstring tendon auto-
grafts for the ACLR. The use of a bone—patellar tendon—
bone autograft might produce different results.?” We chose
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TABLE 4
Range of Motion Between Groups®

LET Reduces ACLR Failure

ACLR Alone ACLR+LET Adjusted Mean Difference
Operative Side-to-Side Operative Side-to-Side Side-to-Side (95% CI) P Value

Passive extension

Baseline -1.9 + 04 1.5 +0.2 -2.8 +0.3 1.3 +£0.2 0.2 (0.4 to 0.8) 43

12 mo -3.0 £ 0.3 0.8 = 0.2 -3.2 *+0.3 0.9 = 0.2 -0.1 (0.5 to 0.3) .63

24 mo -3.1+0.3 0.6 = 0.1 -3.2+0.3 0.8 = 0.1 —0.2 (0.6 to 0.2) .27
Active assisted flexion

Baseline 137.5 = 0.6 —4.1+0.5 1389 = 0.6 -3.1*05 -0.9 (2.2 to 0.4) .16

12 mo 1399 = 0.5 -2.5+0.3 139.7 = 0.5 -2.2 +0.3 -0.3 (-1.2 to 0.7) .58

24 mo 140.6 = 0.6 -2.5+0.3 1404 = 0.6 -2.2 +0.3 -0.3 (1.2 to 0.6) .53

“Values for the 2 groups are expressed as mean = SE. ACLR, anterior cruciate ligament reconstruction; LET, lateral extra-articular

tenodesis.

to use a hamstring tendon autograft for the ACLR as this
was the most common ACL autograft used at the various
study centers and is the most common autograft used in
the majority of large ACL registry data series,?*3® making
the results of this study widely applicable. Based on studies
demonstrating higher failure rates for hamstring autograft
ACLR performed with graft diameters less than 8 mm, an
attempt was made to increase graft diameter in all patients
who had a graft diameter of less than 8 mm in our study.?!
A fourth limitation of our study is that due to the age limits
we placed on our eligibility criteria, we cannot be certain
that our findings apply to patients younger than 15 years
or older than 25 years. However, we do believe that the
15- to 25-year age demographic is extremely important
due to the level of competitive sports participation and the
high incidence of graft ruptures reported in this popula-
tion.25%7 Another limitation is, because this was a large
multicenter trial, we were unable to ensure or measure com-
pliance to physical therapy recommendations or standardi-
zation of rehabilitation across all study sites. Although we
did provide patients with standardized oral and written
instructions as per the agreed upon rehabilitation protocol,
it is possible that not all patients completed an ideal rehabil-
itation regimen. However, because of the large numbers of
participants in this study, we expect that adherence to reha-
bilitation was balanced between groups. Finally, we did not
standardize the time from surgery to return to sports. Sim-
ilar to the rehabilitation protocol, patients were provided
similar instructions from their treating clinicians, with
a general recommendation of a minimum 9-month interval
between surgery and return to sports participation. Similar
to adherence to rehabilitation recommendations, we expect
that patient adherence to surgeon recommendations regard-
ing when to return to sports would be similar between treat-
ment groups.

CONCLUSION

The addition of LET to a single-bundle hamstring tendon
autograft ACLR in young patients at high risk of failure
results in a statistically significant, clinically relevant

reduction in graft rupture and persistent rotatory laxity
at 2 years postoperatively.
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