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The Augmentation of Revision

Anterior Cruciate Ligament Reconstruction
With Modified lliotibial Band Tenodesis

to Correct the Pivot Shift

A Computer Navigation Study
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Background: lliotibial band (ITB) tenodesis improves stability and functional outcomes when added to anterior cruciate ligament
(ACL) reconstruction. Its precise indications are unknown. Persistence of the pivot shift after revision ACL reconstruction may be
one indication.

Hypothesis: The addition of ITB tenodesis for a persistent pivot shift after revision ACL reconstruction will improve stability and
activity levels.

Study Design: Cohort study; Level of evidence, 2.

Methods: Adults with recurrent ACL ruptures underwent revision ACL reconstruction, followed by a pivot-shift test before the sur-
gery ended. If the pivot shift was grade 0 or 1, no further surgery was performed (group 1). If it was grade 2 or 3, ITB tenodesis was
performed (group 2). The pivot-shift test was performed, graded, and measured using computer navigation before revision ACL
reconstruction and after revision ACL reconstruction with and without ITB tenodesis. Tegner activity scores were obtained 2 years
after surgery. Groups were compared with regard to anterior translation and internal rotation during the pivot shift as well as Tegner
activity scores (P < .05).

Results: There were 20 patients in group 1 and 18 in group 2. The mean anterior translation improved in group 1, from 17.7 =
3.5mmto 6.6 = 1.9 mm, and group 2, from 18.5 + 3.3 mm to 6.1 = 1.2 mm, after revision ACL reconstruction (P < .001), with no
difference between the groups (P = .15). After ITB tenodesis, the reduction in anterior translation in group 2 (5.3 = 1.5 mm)
became greater than that in group 1 (6.6 = 1.9 mm) (P = .03). In both groups after revision ACL reconstruction, there was a reduc-
tion in internal rotation (group 1: 24.2° + 4.0° to 10.3° + 1.1°; group 2: 25.4° + 3.7° to 14.6° + 2.8°; P < .001), but this change was
less in group 2 (P = .02). After ITB tenodesis, internal rotation in group 2 (8.3° = 2.6°) became less than that in group 1 (10.3° =
1.1°) (P = .02). The mean Tegner activity scores in group 1 were 8.1 = 1.1 before surgery and 7.4 = 0.9 after surgery, while in
group 2 they were 7.0 = 1.3 and 7.2 = 0.4, respectively, and not significantly different (P = .29).

Conclusion: ITB tenodesis improved laxity, although it did not affect activity levels, when there was a persistent pivot shift after
revision ACL reconstruction.

Clinical Relevance: An indication to perform ITB tenodesis is the persistence of a grade >2 pivot shift after revision ACL reconstruction.
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Although anterior cruciate ligament (ACL) reconstruction is particular, associated with a positive pivot shift has been
a successful operative procedure, up to one-quarter of patients associated with poor patient-reported outcomes after
may be unsatisfied with the outcome, as determined by Inter- ACL reconstruction.??*?5 The pivot-shift test is the
national Knee Documentation Committee (IKDC) scores and most clinically useful assessment for anterolateral rota-
return to sport.>'14?2 Persistent laxity, rotational laxity in tory instability, and it is possible to accurately measure

the translation and rotation that occur during this test

. o using computer navigation.2%-2829:3
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TABLE 1
Inclusion and Exclusion Criteria®

Inclusion Criteria

Exclusion Criteria

Recurrent unilateral ACL rupture

One previous ACL reconstruction, with an available hamstring
autograft for the revision procedure

Suitable for single-stage revision

Skeletally mature

Able to provide written informed consent

Revision surgery not indicated

Not fit for general anesthetic

Two-stage revision ACL reconstruction indicated

No history of rheumatological disease or connective tissue disease

“ACL, anterior cruciate ligament.

shown to improve rotational control,*?®! provides no clinical
superiority.?? Other research has shown that by using a
single-bundle reconstruction technique with optimal tunnel
placement and aperture fixation, it is possible to control
both the anterior translation (AT) and internal rotation (IR)
that occur during the pivot shift after an isolated ACL
rupture.36’37

It has been suggested that the persistent rotational insta-
bility seen after ACL reconstruction in some patients is
caused by peripheral injuries, %243 that is, injuries to ante-
rolateral extra-articular tissue. In these cases, even optimal
ACL reconstruction procedures may fail to control rotational
laxity.® An alternative approach is to augment ACL recon-
struction with an extra-articular anterolateral soft tissue pro-
cedure designed to resist IR of the tibia and compensate for
the extra-articular component of the injury.'”

For at least 75% of patients undergoing ACL reconstruc-
tion these additional extracapsular procedures are not
required, and their precise indications remain a topic of
debate. Concerns remain that, although an extra-articular
procedure may reduce loads on an ACL graft and thus may
protect it from a reinjury, the extra-articular procedure
may also result in overconstraint of the knee with potential
adverse effects 1640

These extracapsular procedures may be indicated in the
setting of revision ACL reconstruction,®! patients with
a gross pivot shift,*”2%** and those with a residual pivot
shift after ACL reconstruction.>**® One such extra-articular
procedure is iliotibial band (ITB) tenodesis, and Monaco
et al®*2 have shown that a modification of this procedure
acts synergistically with the ACL graft, controlling the rota-
tion that occurs during the pivot shift at the time of surgery.

The goal of our study was to determine in vivo if the addi-
tion of an ITB tenodesis procedure in those patients with
a persistent pivot shift after revision ACL reconstruction
reduced AT and IR during the pivot shift. We also wanted
to compare the activity levels in those patients who under-
went revision ACL reconstruction with and without ITB
tenodesis 2 years after surgery. Our hypothesis was that
the addition of ITB tenodesis to revision ACL reconstruction

would reduce both AT and IR during the pivot shift and that
the Tegner activity scores would be improved.

METHODS

The study was approved by the institutional ethics com-
mittee at Barton Private Hospital, where the surgical pro-
cedures were performed. During the period from January
2012 to December 2014, all patients presenting to the
main author (M.D.P.) with a recurrent ACL rupture and
who satisfied the study criteria in Table 1 were invited to
take part in the study. All operative procedures were per-
formed by the main author.

Navigation and Pivot-Shift Technique

Although variations in the technique have been used, we
performed the pivot-shift test with valgus stress, IR, and
moving the knee from full extension to flexion.'?%2% Com-
puter navigation has enabled objective measurement of the
pivot shift,>* and it has been shown to have an intrasur-
geon reliability of less than 1 mm for AT and less than
1.6° for IR.28 We used an infrared computerized navigation
system (OrthoPilot; B. Braun Melsungen AG) with intra-
osseous fixation of the optical arrays as described in the lit-
erature.®®®” The amount of AT and IR during each
performance of the pivot-shift test on the operative knee
was recorded. The main author performed the pivot-shift
test on all occasions but was blinded to the results of nav-
igation at the time of surgery.

Surgical Technique

ACL Reconstruction. Tourniquets were placed on both
limbs, inflated on the injured side, and standard arthro-
scopic surgery performed, during which it was determined
whether single-stage revision was possible. Any meniscal
lesions and/or chondral lesions were treated as appropri-
ate, and the ACL graft remnants were debrided. After
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Figure 1. lliotibial band tenodesis technique (modified Le-
maire procedure). ITB, iliotibial band; LCL, lateral collateral
ligament.

this, the pivot-shift test was performed, graded, and
recorded using computer navigation. The hamstring ten-
dons were harvested from the contralateral thigh to
make a quadrupled soft tissue graft. The ACL bone tunnels
were positioned within the footprints, as described in the
literature.® The graft was fixed on the femoral side using
titanium interference screws (BioRCI; Smith & Nephew),
hand tensioned in full extension, and then fixed on the tib-
ial side using biocomposite interference screws (BioRCI
HA; Smith & Nephew).

After revision ACL reconstruction, the pivot-shift test
was repeated, graded, and navigated. If there was a grade
0 or 1 pivot shift, no further surgery was performed (group
1); if there was a grade >2 pivot shift, the ITB tenodesis
procedure was performed (group 2).

ITB Tenodesis. The main author used a technique similar
to the modified Lemaire procedure®? but modified further
with regard to the course of the graft around the lateral col-
lateral ligament (LLCL), going superficial to deep as proxi-
mally as possible, and at the tibial attachment, where it
was secured in a bone tunnel longer in length than that of
the intraosseous tendon (Figure 1). This method of fixation
enabled both a bone graft to be harvested for 2-stage revision
as well as tension to be adjusted so that it only corrected the
pivot shift without overrestraining the knee.

A lateral incision, approximately 15 cm in length, was
made running from the Gerdy tubercle proximally, poste-
rior to the lateral femoral epicondyle, along the ITB. A cen-
tral 1 X 15-cm strip of the ITB was harvested, left
attached distally, and the free end prepared with a traction
suture whipstitch. The ITB graft was passed around the
proximal LCL and then into the bone tunnel positioned
posterior to the Gerdy tubercle. The bone tunnel was
6 mm in diameter and 3 cm long, and the traction suture
exited the bone through a second 2-mm tunnel at the
medial cortex. Tension on the lead suture allowed the
adjustment of tension in the looped graft before its fixation.
Hand tension was applied with the tibia in neutral rota-
tion. Tension was adjusted until the ITB tenodesis proce-
dure only corrected the pivot shift to grade 0 to 1 before
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fixation using a 30 X 7-mm interference screw (BioRCI
HA) with the knee flexed to 35°. The rerouted strip of the
ITB was stitched to itself, the LCL, and the anterolateral
capsule of the knee joint. After this, the ITB interval was
closed, and then the pivot-shift test was repeated, graded,
and navigated. The amount of AT and IR occurring during
each pivot-shift test before ACL reconstruction, immedi-
ately after revision ACL reconstruction, and immediately
after ITB tenodesis, when performed, was recorded.

Tegner Activity Scale and Follow-up

The Tegner activity scale is a numerical scale with values
from 0 to 10 representing specific activities. Values of 10
represent the highest activity level (such as one of the
codes of football at the elite level) and 0 the lowest. It is
a validated patient assessment score for ACL injuries
with a minimal detectable value of 1.5 Patients were asked
to complete it before surgery based on the level of activity
immediately before their recurrent ACL ruptures. They
were also asked to complete it 2 years after the revision
procedure. Patients were prospectively followed up, and
the occurrence of any complications, further surgery,
and/or recurrence of ACL ruptures were noted.

Statistical Analysis

Statistical analysis was performed using SPSS (v22; IBM
Corp). Using analysis of variance, group 1 and group 2
were compared with regard to their preoperative Tegner
activity scores and the AT and IR recorded during the first
pivot-shift test performed with the patient under general
anesthesia immediately before surgery. ¢ tests were used
to compare the delay before revision surgery and age at
the time of revision surgery in the 2 groups.

Using generalized linear models and multivariate tests,
we compared the 2 groups with regard to the reduction in
AT and IR after revision ACL reconstruction, the reduction
in AT and IR upon the completion of surgery, and Tegner
activity scores 2 years after surgery. We performed both
parametric and nonparametric analyses.

Power Analysis

If 2 mm of AT and 2° of IR are regarded as clinically impor-
tant, as have been used previously in the literature,?®*7 to
detect a difference in the mean values between the groups
significant with 95% confidence and a power of 80%, 16
patients were required in each group. If 1 point is regarded
as clinically important, to detect a difference in the mean
Tegner activity scores in the 2 groups significant with
95% confidence and a power of 80%, again 16 patients
were required in each group.

RESULTS

During the study period, a total of 61 patients were seen
with recurrent ACL ruptures. Twenty-three of these were
not candidates for a single-stage revision procedure on
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the basis of bone deficits and/or the previous tunnel posi-
tion (n = 11), the severity of osteoarthrosis present in the
knee (n = 4), unwillingness to undergo a revision procedure
(n = 2), or the presence of marked polyethylene synovitis
after using the LARS ligament (Surgical Implants and
Devices) that required total synovectomy and 2-stage revi-
sion (n = 6). This left 38 patients, all of whom consented to
take part in the study.

In the 38 study patients, the mean age was 25.2 = 6.0
years, with a male:female ratio of 18:20. Of the 38 patients,
20 (53%) had a grade 0 or 1 pivot shift after revision ACL
reconstruction and formed group 1, while the remaining 18
patients (47%) had a grade 2 or 3 pivot shift after revision
ACL reconstruction, underwent ITB tenodesis, and formed
group 2.

The mean age in group 1 (22.6 * 2.4 years) was lower
than that in group 2 (28.2 *= 7.2 years) (P = .008), and
the mean delay between reinjury and revision surgery
was shorter in group 1 (5.8 = 4.4 months) than in group
2 (15.2 = 11.3 months) (P = .002). The male:female ratio
was 9:11 in group 1 and 9:9 in group 2. Overall, the injured
knee was described as dominant in 14 and nondominant in
24. In group 1, the dominant:nondominant ratio was 7:13
and in group 2 was 7:11. None of the 38 patients had an
osteochondral lesion. Four patients in group 1 and 3 in
group 2 required partial meniscectomy. One patient in
each group had lateral meniscal repair performed.

Baseline Data

Before revision surgery, the mean AT was 18.1 = 3.4 mm,
and the mean IR was 24.7° £ 3.9°, and the mean Tegner
activity score before the recurrence of ACL ruptures was
7.6 = 1.3 in the 38 patients. The AT (17.7 + 3.5 mm vs
18.5 = 3.3 mm, respectively) and IR (24.2° + 4.0° vs
25.4° + 3.7°, respectively) were similar in group 1 and
group 2 (P = .48 and P = .33, respectively). The mean
Tegner activity score was significantly higher in group 1
(8.1 = 1.1) relative to group 2 (7.0 = 1.3) (P = .01).

In group 1, 10 patients (50%) had a grade 2 pivot shift,
and 10 (50%) had a grade 3 pivot shift before surgery, while
in group 2, the values were 8 (44%) and 10 (56%), respec-
tively. In group 1, the pivot-shift test finding of the contra-
lateral uninjured knee was grade 0 in 17 patients (85%)
and grade 1 in 3 patients (15%), while in group 2, the val-
ues were 15 (83%) and 3 (17%), respectively.

Computer Navigation Results

AT During the Pivot-Shift Test. There was a significant
reduction in AT in both group 1 (17.7 = 3.5 mm to 6.6 =
1.9 mm) and group 2 (18.5 + 3.3 mm to 6.1 = 1.2 mm) after
ACL reconstruction (P < .001), while the difference
between the 2 groups was not significant (P = .15). When
the ITB tenodesis procedure was added, the improvement
in AT became statistically significant in group 2 (5.3 *
1.5 mm) relative to group 1 (6.6 = 1.9 mm) (P = .03).

IR During the Pivot-Shift Test. There was a significant
reduction in IR in both group 1 (24.2° *= 4.0° to 10.3° +
1.1°) and group 2 (25.4° = 3.7° to 14.6° = 2.8°) after ACL

*
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reconstruction (P < .001), with a greater reduction in
group 1 relative to group 2 (P = .02). When the ITB teno-
desis procedure was added, there was a greater reduction
in IR in group 2 (8.3° = 2.6°) relative to group 1 (10.3° =
1.1°) (P = .02).

Tegner Activity Scores. In group 1, the mean Tegner
activity scores were 8.1 = 1.1 before surgery and 7.4 =
0.9 at 2 years after surgery. In group 2, these values
were 7.0 = 1.3 and 7.2 * 0.4, respectively. The final scores
were similar in the 2 groups (P = .29).

Complications and Further Procedures

There were no further ACL ruptures on the injured side in
either group. However, in group 1, there were 2 patients in
whom there was a rupture of the contralateral ACL. One
patient in group 2 had a superficial wound infection at
the ITB tenodesis site, which settled with a course of oral
antibiotics.

Two patients in each group required a second operative
procedure on the knee that had undergone revision ACL
reconstruction. In group 1, one patient had a lateral menis-
cal tear 13 months after surgery that was treated with
meniscal repair, and one had ongoing anterolateral instabil-
ity with an intact revision ACL reconstruction construct and
had ITB tenodesis performed 18 months after surgery. In
group 2, there was 1 medial meniscal tear treated with par-
tial meniscectomy and 1 case of arthrofibrosis treated with
arthroscopic debridement and manipulation under anesthe-
sia. There were no further ACL injuries in either group.

DISCUSSION

Our study has found that 47% of the patients undergoing
revision ACL reconstruction had a residual grade >2 pivot
shift immediately after surgery. These patients had a lower
Tegner activity score before recurrence, a higher age at the
time of revision surgery, and a longer delay between rein-
jury and revision surgery. The addition of ITB tenodesis to
revision ACL reconstruction in these patients restored their
pivot shift to normal and reduced both the amount of AT
and IR that occur during the pivot-shift test. The final
mean AT in group 2 was 5.3 £ 1.5 mm, which was less
than that in group 1 (6.6 = 1.9 mm) (P = .03), but this dif-
ference of only 1.3 mm is unlikely to be clinically relevant.
Similar comments apply to the smaller final IR values in
group 2 (8.3° = 2.6°) compared with group 1 (10.3° = 1.1°)
(P = .02). The addition of ITB tenodesis resulted in Tegner
activity scores similar to those found in patients not under-
going ITB tenodesis. There were no further ACL injuries in
either group over the 2-year follow-up period.

The pivot-shift test is the most clinically useful assess-
ment available for examining anterolateral rotatory insta-
bility of the knee.?’ Persistent rotational instability and
a positive pivot shift after ACL reconstruction may be
caused by intra-articular and/or extra-articular factors.
Several approaches have been used to improve the rota-
tional control achieved with ACL reconstruction. One
approach has been to concentrate on the intra-articular
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factors and maximize the function of single-bundle ACL
reconstruction. Improved understanding of the footprint
anatomy, graft placement, and fixation has resulted in
a technique that can restore rotational control and transla-
tional control during the pivot-shift test using a single-
bundle technique and aperture fixation in acute, isolated
ACL ruptures.?®?” However, this may only apply to iso-
lated ACL injuries. Research has shown that the persis-
tence of rotational instability after ACL reconstruction
may be because of unrecognized peripheral injuries caus-
ing persistent rotational instability,’3%3*3° and this may
explain why, in some patients, ACL reconstruction is not
sufficient to restore normal rotational stability to the
knee.®

Another technique focusing on the intra-articular factors
is the use of double-bundle ACL procedures. This technique
is based on the assumption that the addition of a second
intra-articular bundle to the ACL may improve rotational
control and outcomes. The double-bundle technique may
improve rotational control when compared with anatomic
anteromedial single-bundle reconstruction,?*! but it has
been found to offer no clinical superiority.5?

Another approach has been to address the extra-
articular component of the injury believed to contribute
to the persistent rotational instability that may be present
after ACL reconstruction. The relative importance of the
soft tissue structures at the anterolateral aspect of the
knee in relation to rotational laxity has been debated.*®
Renewed interest in the anterolateral ligament (ALL) of
the knee was ignited by Claes et al,® whose studies have
detailed the anatomy of this ligament, and others have
demonstrated its role in controlling IR of the tibia.3*

Other research has suggested that the iliotibial tract
(ITT) may be more important. Kittl et al?® performed
a sequential resection study using cadaveric knees and
a robotic testing protocol. They found that the deep and
superficial fibers of the ITT were the primary restraints
to tibial IR during a simulated pivot shift at 30° to 45°.
They also found that the ITT was the primary restraint
to tibial IR for both the intact and ACL-deficient knees
from 30° to 90° of flexion, while the ALL had no significant
restraining role. In their cadaveric study, short knee speci-
mens were used with no proximal continuity to the muscu-
lotendinous structures, and this may have influenced the
findings. The tibia and femur, including all soft tissues,
were cut 120 mm and 200 mm from the joint line, respec-
tively. The sectioning performed may not have replicated
the complex structural damage that occurs in the patient
with a combined ACL and anterolateral soft tissue injury.
Terry et al*” found that the deep and capsulo-osseous layer
of the ITT is damaged in 93% of functionally unstable
knees, and this damage correlated with the grade of pivot
shift, while ACL damage did not.

It is possible that a number of soft tissue structures may
play a role in rotational control, which may vary with
patient anatomy and the specific nature of the injury to
the knee. The anterolateral capsule of the knee joint has
been shown to function as a sheet of tissue, transmitting
forces between adjacent regions of the capsule at right
angles to its longitudinal axis, rather than as a more
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traditional ligament.'> The study by Guenther et al®
found that the interaction of the anterolateral capsule
and LCL with adjacent soft tissues played a significant
role in resisting internal torque of the tibia. The modified
Lemaire procedure, which we used in our study, may act
by increasing tension in the distal ITB and/or augmenting
an anterolateral sheet of soft tissues.

It is now possible to objectively measure the AT and IR
that occur during the pivot shift test using computer naviga-
tion at the time of surgery. The clinical success of an antero-
lateral soft tissue procedure used to augment ACL
reconstruction may be measured by its ability to correct the
residual pivot shift and to restore function to normal, as in
this study. It was with this goal in mind that the authors mod-
ified the Lemaire technique so that tension of the construct
could be adjusted to correct the pivot shift without overcon-
straining the knee. Research has shown that the pivot-shift
phenomenon commences at 35°, moving from flexion to exten-
sion, and this is the angle at which the senior author adjusts
and fixes the ITB tenodesis construct.?® It may function both
as a ligament, resisting forces parallel to its long axis, and as
a sheet of fibrous tissue by binding together the LCL, antero-
lateral capsule, ALL, and ITB (Figure 1).

Although concerns have been raised that these antero-
lateral soft tissue procedures may increase the risk of lat-
eral compartment osteoarthrosis,*! research has shown
that these procedures do not overconstrain the knee, nor
do they increase lateral tibiofemoral contact pressure or
cause a loss of IR, as long as the graft is tensioned in neu-
tral and not excessively.?” Marcacci et al?” found that the
augmentation of ACL reconstruction with extra-articular
tenodesis was not associated with an increased risk of
osteoarthrosis.

In patients with an ACL rupture combined with antero-
lateral soft tissue damage, it is possible that the peripheral
injuries may heal in some patients. It is possible that
a delay between the recurrence of the ACL rupture and
revision surgery may contribute to delayed healing, heal-
ing in a lengthened position, and/or chronic attrition of
these structures and thus persistence of the pivot shift
after revision ACL reconstruction, as seen in our study.
The fact that the patients in our study requiring ITB
tenodesis were older than those not requiring it may be
related to the increased delay referred to above and/or
the performance of the original ACL procedure at a time
when positioning of the ACL graft was less precise.

The challenge is how to select those patients who will
benefit from the addition of an anterolateral procedure to
ACL reconstruction using practical means. A residual pivot
shift has been described as a significant negative predic-
tive factor in patients undergoing ACL reconstruc-
tion,>192249 and one subgroup of such patients may be
those with a persistent pivot shift after ACL reconstruction
in the revision setting.” It is for this reason that we used
the presence of a grade >2 pivot shift after revision ACL
reconstruction as the indication to perform the ITB teno-
desis procedure. We did not regard a grade 1 pivot shift
as sufficient to add ITB tenodesis, and this grade of pivot
shift was found in 16% of the normal contralateral knees.
Other authors have suggested that an obvious grade 2 or
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3 pivot shift is an indication to perform anterolateral
tenodesis,¥194450 hut this idea is contentious. Rotational
laxity may induce higher ACL graft forces,?* with a poten-
tial increased risk of recurrence of ACL ruptures, and may
cause the early onset of osteoarthrosis.*®

However, there may be other indications, such as those
patients with high-grade knee laxity and an increased risk
of recurrence after ACL reconstruction.?® Our study found
that correction of the pivot shift did not affect Tegner activ-
ity scores 2 years after surgery. Further research may
assist in developing more precise indications for extracap-
sular augmentation procedures such as ITB tenodesis.

These patients will be followed up longer term to deter-
mine if their Tegner activity scores change and to document
any complications such as osteoarthrosis. A number of
meta-analyses have found that the addition of anterolateral
tenodesis to ACL reconstruction is not associated with an
increased risk of complications,'®*®*3 and Noyes and Bar-
ber®® found a significant reduction in the rate of recurrent
ACL ruptures when an extracapsular procedure was added.

A weakness in our study design was that patients were
not randomly allocated to 2 treatment groups, and the
groups differed with regard to the presence of a grade 2
pivot shift after revision ACL reconstruction. A random-
ized controlled trial in which only 50% of those patients
with a persistent pivot shift have ITB tenodesis added
may have resulted in a more even distribution of confound-
ers, but we found that the patients who satisfied the inclu-
sion criteria were unwilling to take part in a randomized
controlled trial with a 50% chance of not undergoing ITB
tenodesis once the rationale was explained to them. How-
ever, the goal of our study was to determine if the addition
of ITB tenodesis resulted in the restoration of normal lax-
ity in this subgroup of patients, and each patient who had
ITB tenodesis performed acted as his or her own control,
and the patients who had only revision ACL reconstruction
performed acted as a surrogate control group.

Our study groups also differed with regard to age, delay
before revision surgery, and Tegner activity score. The pre-
operative Tegner activity scores were higher in the group
that did not require ITB tenodesis, and this would favor
group 1, rather than group 2, with regard to final scores,
which were similar in the 2 groups. The surgeon could
not be blinded as to whether ITB tenodesis was performed
but was blinded to the results of pivot-shift navigation dur-
ing surgery. It was also impractical for the surgeon to use
robotic devices to perform the pivot-shift test, and there-
fore, it is unlikely that a uniform force was used during
the performance of the tests. One of the goals of surgery
was to see if the performance of ITB tenodesis based on
the outcome of a practical intraoperative assessment
resulted in improvement in the pivot-shift grade, AT and
IR, and/or Tegner activity score. Therefore, the study
used the pivot-shift test performed in a manner similar
to that done by the surgeon during ACL surgery. The study
results refer to the computer-navigated pivot-shift test per-
formed at the time of surgery, and how this correlates with
the pivot-shift test performed at various intervals after
surgery remains unknown. Although the size of the study
is limited to 38 patients, a power analysis demonstrated
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that it was sufficiently powered to detect significant
changes in AT and IR during the pivot shift. Although
there were no reported failures of revision surgery during
the 2-year period of follow-up, the authors realize that this
is a relatively brief period of time and too short to comment
on any association with osteoarthrosis. However, these
patients are part of ongoing prospective work.

CONCLUSION

We conclude that if ITB tenodesis is added to single-stage
revision ACL reconstruction in the presence of a persistent
grade >2 pivot shift, AT and IR during the pivot shift can
be significantly improved, and there is no difference in
activity levels seen in the 2 groups 2 years after surgery.
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