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All-Inside Anterior Cruciate Ligament Reconstruction
Using Full-Thickness All-Soft-Tissue Quadriceps
Tendon Autograft With Independent Suture Tape

Augmentation

Adam V. Daniel, M.D., and Patrick A. Smith, M.D.
Abstract: The anterior cruciate ligament (ACL) is the most frequently injured knee ligament that requires surgical
intervention. Surgical options to address ACL ruptures include reconstruction using autograft or allograft or performing
primary repair. Subsequent ACL graft failure is a significant postoperative concern in the younger patient population. The
addition of suture tape to the final construct is thought to protect the graft during moments of high stress by increasing
graft stiffness under high load and preventing substantial graft elongation. Given the normal anatomic lengthening of the
ACL from knee flexion to full extension, final fixation of both the suture tape and the graft is done with the knee
hyperextended to avoid overconstraint. The use of adjustable loop fixation for both femoral and tibial fixation with the all-
inside technique allows the graft to be retensioned after final suture tape fixation and subsequent knee cycling. This
ensures that the suture tape is slightly laxer than the graft so that the graft experiences loads that are essential for its
healing, with the suture tape sharing the load only during times of high stress.
s competitive sport participation among children
Aand adolescents has increased, the incidence of
anterior cruciate ligament (ACL) injuries has also
risen.1-3 Furthermore, the rate of a second ACL injury,
particularly graft failure, remains high, especially for
younger patients who return to the same level of
competition.4 ACL graft retear rates in younger ath-
letes range from 9% to 23%, and most occur within the
first 2 years after primary ACL reconstruction.4-6

Multiple factors play a role in the increased risk of
graft failure, including participation in pivoting sports,
as well as other characteristics such as younger age,
knee recurvatum, sex, and type of graft used, among
others.3,6-8

Independent suture tape augmentation (I-STA) has
been proposed to mitigate the risk for retear due to its
favorable biomechanical properties.9,10 Clinically, I-STA
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has been shown to result in a low retear rate in younger
patients.11-13 We present a technique demonstrating an
all-inside ACL reconstruction using a full-thickness all-
soft-tissue quadriceps tendon autograft (ASTQA) with
I-STA, highlighting final suture tape and graft fixation
with the knee always in full hyperextension. Video 1
provides step-by-step visualization and Table 1 lists
the pearls and pitfalls of this procedure.
Surgical Technique

Step 1: Patient Setup
The patient is placed supine on a standard operating

table. After examination under anesthesia, the left knee
is prepped and draped in a sterile fashion with 2 g of
Kefzol administered before the surgical timeout.

Step 2: Harvest of ASTQA
With the knee flexed at 100�, a 3-cm vertical incision

is made to expose the quadriceps tendon. A 10-mm
wide 7-mm deep double knife blade (Parallel Graft
Knife Blade; Arthrex, Naples, FL) is used to incise the
tendon from the superior patellar pole extending
65 mm proximally (Fig 1).
The full-thickness quadriceps tendon is then released

from the superior patellar pole. A suture is placed
within the released end of the graft, which is threaded
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Table 1. Pearls and Pitfalls

Pearls Pitfalls

� Proximal and distal ACL
remnants aid in anatomic
tunnel positioning

� Passage of suture tape
through the suspensory loop
of the femoral ALD instead
of the button will not be not
independent

� Suture tape looped through
proximal button instead of
ALD loop to be independent

� Failure to make femoral and
tibial sockets deep enough
will make the graft “bottom
out” with the all-inside
technique

� The tibial fixation button is
passed down to bone with
shortening strands, but the
graft is not yet tightened
here, pending suture tape
fixation

� The tibial ALD shortening
strands can be Inadvertently
trapped during suture tape
fixation

� Applying minimal tension to
the distal suture tape ends at
the time of fixation

� Final fixation of graft should
not occur before suture tape

� Fixation of suture tape and
graft with knee in
hyperextension

� Final fixation in knee
flexion may lead to subse-
quent extension deficits

� Fixation of suture tape
before final graft fixation

� Shuttling the distal ALD
without use of a shuttle su-
ture may inadvertently
shorten the distal ALD and
compromise fixation

� Cycle knee and retension
femoral and tibial ALDs af-
ter final suture tape fixation

� Care should be taken not to
include the suture tape ends
in the femoral shuttle suture

ACL, anterior cruciate ligament; ALD, adjustable loop device.

Fig 1. Intraoperative photograph of the left knee flexed at
100� showing a 10-mm double knife blade (asterisk) used for
initial harvesting of a full-thickness quadriceps tendon graft.
(D, distal; P, proximal; QT, quadriceps tendon; R, retractors.)
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through a “cigar cutter” device (Quad Tendon Stripper
Cutter; Arthrex) that is used to amputate the full-
thickness graft proximally (Fig 2).
After irrigation, with the knee still flexed at 100�, the

quadriceps tendon defect is closed, followed by subcu-
taneous tissue and skin closure (Fig 3).

Step 3: Diagnostic Arthroscopy
A thorough diagnostic arthroscopy is performed. First,

a standard lateral parapatellar portal is established,
followed by a low anteromedial portal using an 18-
gauge spinal needle for optimal localization. The
suprapatellar pouch is first inspected, followed by the
medial compartment including the Gillquist view,
intercondylar notch, and finally the lateral
compartment.

Step 4: All-Inside ACL Reconstruction Using a Full-
Thickness ASTQA With Suture Tape Augmentation
First, a shaver is used to excise some of the torn ACL

fibers, preserving the footprint of the native ante-
romedial and posterolateral bundle fibers both on the
tibia and femur for orientation purposes to facilitate
optimal socket creation.
With the knee flexed to approximately 120�, a pilot
hole is drilled within the anteromedial bundle femoral
footprint through the anteromedial portal. A measuring
pin is then drilled across the joint from the ante-
romedial portal at this pilot hole to measure the femoral
intraosseous distance. Next, a 10-mm reamer is used to
drill over the pin, exceeding the expected graft length in
the femur by 4 to 5 mm.
With the knee flexed to approximately 80�, a tibial

aiming device (Tibial ACL Marking Hook; Arthrex) is
positioned within the native ACL footprint, also
indexing off the attachment of the anterior horn of the
lateral meniscus (Fig 4).
A 1.5-cm tibial incision is made over the anteromedial

proximal tibia. The guide sleeve is placed down to bone,
and a retro-cutter (FlipCutter III; Arthrex) is drilled
through the center of the guide. The retro-cutter is
opened to 10 mm, and a tibial socket is retrocut to a
depth that allows space for graft retensioning. A suture
passer is passed through the tibial socket where the
suture is retrieved through the anteromedial portal. A
measuring device is used to measure the intra-articular
ACL length from the aperture of the femoral to the
tibial socket. The graft is marked with the appropriate
distances.
The femoral shuttle suture is used to pull across the

blue passing suture and the white shortening strands of
the femoral adjustable loop device (ALD) (TightRope;
Arthrex) with the attached independent suture tape
(InternalBrace; Arthrex). The button is flipped on the
lateral femoral cortex and is additionally seated by
pulling on the 2 free distal tape ends. The graft is then
hoisted to the measured femoral depth.
The tibial end of the graft, with the 2 free suture tape

ends and the shortening strands of the ALD (TightRope
Attachable Button System; Arthrex), is shuttled



Fig 2. Intraoperative photograph of a left knee flexed at 100� showing the released quadriceps tendon strip with attached sutures
(black arrow) threaded through a “cigar cutter” (asterisk) used for graft amputation (A) and the subsequent harvested full-
thickness all-soft-tissue quadriceps tendon graft measuring 65 mm in length with a width of 10 mm (B). (D, distal; P, prox-
imal; QT, quadriceps tendon; R, retractors.)

Fig 3. Intraoperative photograph of a left knee flexed at 100� demonstrating the closed quadriceps tendon (asterisk) with
interrupted Vicryl sutures (white arrowheads) in a horizontal mattress fashion (A) and the skin closure of the 3-cm vertical
incision done with subcutaneous Prolene suture (white arrows) (B). (R, retractors.)

Fig 4. Arthroscopic view through the anterolateral portal of a
left knee flexed at 80� demonstrating a tibial guide (G) placed
directly on top of the tibial remnant (T) of the native anterior
cruciate ligament, which also is in line with the attachment of
the anterior horn of the lateral meniscus. (L, lateral femoral
condyle; M, medial femoral condyle; P, posterior cruciate
ligament; S, femoral shuttle suture.)
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through the tibial socket. The graft is then pulled into
the tibial socket. On the tibial side, a 14-mm button
(Attachable Button System button; Arthrex) is applied
to the buttonless tibial ALD (Fig 5 A and B). The 2
suture tape ends are then passed through the button-
holes (Fig 5C).
The button is then brought down to the tibia pulling

on the ALD shortening strands with the knee in hy-
perextension, but the tibial end of the graft is not
tightened yet (Fig 6).
A 4.5-mm hole is drilled 1 cm distal to the button and

is subsequently tapped. The 2 tape ends are passed
through a 4.75-mm absorbable anchor (BioComposite
SwiveLock; Arthrex) and fixed in the distal hole with
the knee hyperextended making sure the 2 shortening
strands are free between the tapes (Fig 7).
After final suture tape fixation, tensioning handles

are placed on the tibial shortening strands, which are
then tensioned with the knee hyperextended. The
knee is cycled 20 times. The tensioning handles are
then placed on the femoral shortening strands, which
are tensioned with the knee in hyperextension. After
tensioning of the femoral shortening strands, the tibial



Fig 5. (A) Intraoperative photograph of a 14-mm button (asterisk) with 2 sets of distinct holesd2 slots (white arrowheads) and 2
closed holes (black arrowheads). (B) The 2 doubled segments of the adjustable loop are placed respectively within the 2 slots of
the button with the button pulled distally to the base of the loop, allowing the 2 tibial shortening strands (white arrows) to run
free distally. (C) The 2 distal tape ends (black arrows) are then placed through the 2 closed holes.
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shortening strands are retensioned with the knee
hyperextended and then tied to the tibial button for
backup fixation.
Stability testing is performed after final construct

fixation. Final graft positioning and tautness are
assessed arthroscopically. The suture tape is visualized
running posterior to the graft and lax to probing at 90�

(Fig 8).

Step 5: Postoperative Rehabilitation
Patients are placed in a splint locked in extension

immediately postoperatively. All patients receive a
continuous passive motion machine for the first
2 weeks. Physical therapy starts postoperative day 2
with a dressing change and a focus on quad sets and
straight leg raises, emphasizing full extension without a
lag. Closed-chain exercises begin once the patient
achieves full-weightbearing status. Patients are cleared
to jog in their functional brace by postoperative month
3, with agility exercises beginning by postoperative
month 4 and sport-specific exercises beginning by
Fig 6. Intraoperative photograph of a left knee in full hy-
perextension demonstrating the distal adjustable loop device
button (asterisk) brought down to the tibia using the short-
ening strands (white arrow) of the adjustable loop device
before suture tape (black arrows) fixation. (R, retractors.)
postoperative month 5. Patients may be cleared to re-
turn to sport by the 6-month visit depending on phys-
ical examination, patient readiness, and results of
return to sport functional testing performed in physical
therapy.
Discussion
The surgical technique described in this Technical

Note highlights an anatomic full-thickness ASTQA
ACL reconstruction performed with a minimally
invasive procedure and an all-inside technique using
both proximal and distal adjustable loop fixation and I-
STA. The use of combined femoral and tibial ALDs
allows the graft to be retensioned after suture tape
fixation and knee cycling. This ensures that the graft
will be slightly more taut than the suture tape, which
would allow the graft to take on all of the normal day-
to-day loads that are crucial for adequate graft healing
and ligamentization, with the tape then sharing the
Fig 7. Intraoperative photograph of a left knee in full hy-
perextension demonstrating final suture tape fixation (white
arrows) done 1 cm distal to the tibial tunnel with a suture
anchor. Notice the 2 shortening strands (white arrowheads)
are “free” between the 2 tapes to allow for unimpeded tibial
graft tensioning. The tape ends distal to the fixation (black
arrows) were then cut and discarded. Asterisk, tibial button.
(A, anchor; R, retractors.)



Fig 8. (A) Arthroscopic view through the anterolateral portal of a left knee flexed to 90� demonstrating the quadriceps tendon
autograft final construct. (B) With use of the probe (black arrowhead) through the anteromedial portal, the suture tape (asterisk)
can be visualized posterior to the graft and relatively lax in this flexed position compared with the graft. (LFC, lateral femoral
condyle; LM, lateral meniscus; LTP, lateral tibial plateau; M, medial femoral condyle; P, posterior cruciate ligament; Q, quadriceps
tendon autograft.)
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load during times of high stress to protect the graft
from retear.9,10 This also mitigates the risk of “stress
shielding” because the suture tape is completely in-
dependent of graft tensioning.
Because of normal anatomic shortening of the ACL

from extension to flexion,14 both the final suture tape
and graft fixation were done with the knee in hyper-
extension. Maintaining symmetric extension or hyper-
extension is important to consider because it may be
favorable for long-term function to restore the patient’s
normal kinematics to match that of the contralateral
knee.
In conclusion, this Technical Note describes an all-

inside ACL reconstruction using a full-thickness
ASTQA with I-STA. The suture tape acts via a “safety-
belt” mechanism that “catches” the graft during cata-
strophic loads that may otherwise have resulted in graft
failure (Table 2).
Table 2. Advantages and Disadvantages

Advantages Disadvantages

� Biomechanical properties of
independent suture tape
augmentation for load
sharing to protect graft from
retear

� Additional cost of 1 suture
tape and 1 anchor

� Simple to add suture tape
fixation to ACL construct so
surgical workflow is not
compromised

� Potential loss of range of
motion if final fixation is
done improperly

� Has been shown to a lower
risk of graft failure in
younger patients

� Potential ineffectiveness of
suture tape if it is too lax
compared with the graft

� Cost-effective compared
with ACL revision surgery

ACL, anterior cruciate ligament; ALD, adjustable loop device.
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