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All-Inside Anterior Cruciate Ligament Reconstruction
With Augmentation Using the Native Anterior

Cruciate Ligament Remnant by Suture
Approximation
George El Rassi, M.D., Joseph Maalouly, M.D., Antonios Tawk, M.D., and
Dany Aouad, M.D.
Abstract: Anterior cruciate ligament (ACL) rupture remains a debilitating orthopaedic pathology with a substantial
economic and psychological burden on patients, especially athletes. The purpose of ACL reconstruction is to attain
maximum joint stability and functionality, allowing patients to resume their previous level of activity. Several graft options
and techniques are available for ACL reconstruction. The all-inside remnant-preservation technique is a minimally
invasive approach aiming for improved proprioception, better graft integration, and increased graft strength via ACL
augmentation by suture approximation with an optimal anatomic reconstruction. ACL augmentation is associated with a
decreased risk of rerupture. Moreover, enhancement of knee proprioception via the presented technique allows an early
return to activity by patients because weight bearing (with a brace) can be initiated as early as day 1 postoperatively.
Patients can resume running activities by 2 months postoperatively and return to pivot sports by 3 months postoperatively.
Despite this surgical procedure being technically demanding, it is associated with improved clinical outcomes and func-
tional capacities. Patients are also found to better tolerate the postoperative rehabilitation protocol.
upture of the anterior cruciate ligament (ACL)
Rrepresents an overwhelming insult sustained by the
knee via contact and/or noncontact mechanisms, with a
high incidence seen in contact sports, especially when
patients partake in high-impact landing and twisting
athletic events.1-3 ACL injuries impact patientsfinancially
in terms of the cost of operative management and
postoperative rehabilitation. Additionally, ACL injuries
constitute a personal and psychological burden for
professional athletes because of the inability to
participate in sports.3,4
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ACL reconstruction is advised in patients aiming to re-
turn to sports.5 It aims for maximum joint stability and
increased functional capacity, allowing patients to resume
their previous level of activity while reducing the risk of
development of osteoarthritic changes to the knee.6

Several surgical techniques and graft types exist in prac-
tice for ACL reconstruction and knee stability restora-
tion.7 Boneepatellar tendonebonegraft is still considered
by some orthopaedic surgeons to be the standard for ACL
reconstruction.8 Although it was first introduced in 1979
and 1984,9 quadriceps tendon graft for ACL reconstruc-
tion has recently been introduced as a suitable alternative
in ACL reconstruction,7,10-12 accounting for 11% of all
grafts used for ACL reconstruction.13 The purpose of this
study is to describe a technique of all-inside ACL recon-
struction with augmentation using the native ACL
remnant by suture approximation.
Surgical Technique
Under spinal anesthesia, the patient undergoes scrub-

bing and draping of the knee, with inflation of a tour-
niquet over the thigh. By use of a 2-portal technique,
with standard central medial and anterolateral portals,
the ACL remnant is observed (Fig 1). Examination of the
3 (March), 2021: pp e647-e652 e647
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Fig 2. Guide pin aiming through the ridge between the foot-
prints of the anteromedial bundle and posterolateral bundle of
the anterior cruciate ligament viewing from anteromedial
portal, left side of the patient. Yellow arrow represents ante-
romedial bundle of ACL.
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knee joint is performed with the patient under
anesthesia.
The anterolateral portal is located above the joint line,

next to the lateral border of the patellar tendon. It is
used as a viewing portal during tibial insertion drilling,
if needed, and as a working portal throughout the
surgical procedure. The central medial portal is situated
marginally above the joint line, above the meniscus,
next to the edge of the inferomedial part of the patellar
tendon. It can be used as a viewing or working portal.
After both portals are established, the pattern of the
ACL tear, as well as the bony landmarks of the ACL
insertion, is identified. Subsequently, a small incision
around 2 cm in size is made over the medial aspect of
the knee for harvesting of the semitendinosus tendon
using a tendon stripper proximally; the tendon is then
traced to its insertion and released with a knife to gain
as much length as possible. It is prepared as a quadru-
pled graft around 6.5 cm on a graft preparation station
(Arthrex) depending on the anatomic size of the native
ACL. The tunnel size is chosen according to the graft
size. To minimize devascularization, no shaver or
controlled ablation is used during this process to resect
the bursa and fat pad.
The anatomic starting location for the femoral guide

including the drill pin for an ACL TightRope device
(Arthrex) is found with the knee flexed to 90�. In this
position, the guide pin is aimed so that it passes through
the ridge between the footprints of the anteromedial
bundle and posterolateral bundle of the ACL in the case
of partial ACL rupture (Fig 2). In case of total ACL
rupture, the guide pin should be inserted directly into the
Fig 1. Arthroscopic evaluation showing rupture of the ante-
rior cruciate ligament viewing from anteromedial portal, left
side of the patient.
middle of the footprint. While the guide is kept in this
position, the knee is flexed to 120�; then, the guide pin is
drilled through the femoral condyle until it comes out
through the skin anterolaterally. A femoral low-profile
reamer can now be passed into the joint over this flex-
ible drill pin without damaging the medial femoral
condyle by bending the drill pin away from the condyle
as the cannulated drill is introduced through the portal.
With the knee remaining flexed to 120�, the socket is

established by drilling to a depth of 27 to 30 mm. A
FiberWire (Arthrex) is passed through the femoral
tunnel after the reamer and drill pin are removed. The
knee is flexed to 90�, and a FlipCutter (Arthrex) is then
used to apply retro-drilling of the tibial tunnel accord-
ing to the size of the graft while the ACL fibers on the
tibia are preserved as much as possible. The surgeon
should aim for an entry site of the guide pin into the
joint that is in the middle of the ACL footprint. After
retrograde drilling of the tibial tunnel with the Flip-
Cutter, the debris is removed by a shaver and irrigation
and a FiberStick (Arthrex) is inserted into the tibial
tunnel. The femoral and tibial FiberWires are retrieved
together from the anteromedial portal using a Fiber-
Wire retriever to avoid any soft-tissue interposition. By
use of a No. 11 blade, the ACL remnant fibers on the
tibial and femoral sides are cut in the direction of the
fibers (Fig 3). Using a Knee Scorpion (Arthrex) loaded
with No. 2-0 FiberWire, we separate the 2 ends of the
ACL to prevent any remnants from going into the tibial
socket while entering the graft. The wires of the
TightRope are loaded in the loop of the femoral Fiber-
Wire and retrieved into the femoral socket; then, by use



Fig 3. A No. 11 blade cutting the remnant anterior cruciate
ligament fibers on the tibial and femoral sides in the direction of
the fibers to preserve the biomechanical function and orienta-
tion of the remnant anterior cruciate ligament bundles viewing
from anteromedial portal, left side of the patient. Yellow arrow
represents ACL remnant.

Fig 4. Retrieval of the graft into the femoral socket using the
white fiber of the TightRope viewing from anterolateral
portal, left side of the patient. Yellow arrow represents
femoral socket.
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of the blue FiberWire of the TightRope, the button to
flip is retrieved on the anterolateral cortex of the femur,
after which the graft is retrieved into the femoral socket
using the white fiber of the TightRope (Fig 4). The
TightRope wires are loaded in the loop on the tibial side
and retrieved into the tibial socket; then, by use of the
blue FiberWire of the TightRope, the button to flip is
retrieved on the tibial cortex. With the use of a knife
and a small periosteal elevator, all the tissue under the
tibial TightRope is retrieved in a fashion in which the
entire circumference is applied on the tibial cortex.
Afterward, the graft is retrieved into the tibial socket
using the white FiberWire of the TightRope.
After cycling 20 times, the graft is again checked for

adequacy under arthroscopy. Then, the ACL remnant
on the tibia is approximated over the new graft using a
Scorpion needle (Arthrex) around the remnant for
suture passing that better envelops the new ACL
(Video 1, Fig 5). This is believed to reinforce anatomic
stability while optimizing postoperative proprioception
for earlier mobilization and return to sports.14

Rehabilitation
Regarding postoperative rehabilitation, the described

technique allows full weight bearing and full range of
motion immediately postoperatively owing to the high
degree of stability, as tolerated by the patient and
musculature. A return to full and active competitive
sports is allowed postoperatively after 6 to 9 months.
Use of an extension knee brace is advised at a minimum
of 4 weeks after surgery on ambulation.
Discussion
In the aforementioned technique, augmentation

with suture approximation is believed to increase propri-
oception, graft integration, and graft strength. By using a
minimally invasive technique for graft harvesting and an
all-inside technique for ACL reconstruction, soft-tissue
damage is minimized and, subsequently, recovery is fast.
The 4 fundamental principles of anatomic recon-

struction of the ACL include appreciation of the native
anatomy of the ACL, tailoring the surgical procedure to
satisfy the patient’s anatomy or needs, with native
anatomy restoration by placing the graft at the center of
the footprint. Furthermore, the native function must be
replicated as closely as possible by adequate
tensioning.15 A meta-analysis by Meredick et al.16

showed no advantage of double-bundle techniques
over the anatomic single-bundle procedure. Moreover,
encouraging results of ACL augmentation performed
arthroscopically are constantly being published in the
literature, with most showing improved clinical and
functional outcomes with a decreased risk of rerup-
ture.17 Multiple choices of graft are available; however,
the literature shows that boneepatellar tendonebone
graft for ACL reconstruction is associated with mor-
bidities such as anterior knee pain during the post-
operative course,9 as well as an increased risk of patellar
tendon rupture and fracture of the patella.8 On the
other hand, the use of hamstring tendon autograft for
ACL reconstruction is associated with fewer morbidities
when compared with boneepatellar tendonebone graft
in terms of knee pain and the development of osteo-
arthritis.7 However, hamstring autograft for ACL
reconstruction is associated with a higher infection



Fig 5. (A) Insertion of the suture of the remnant anterior cruciate ligament (ACL) over the inserted graft for more stability and
preservation of the native anatomy. (B) Suturing of theACL remnant over the inserted graft in an anatomic configuration to preserve
proprioception for early mobilization and a better functional recovery viewing from anteromedial portal, left side of the patient.
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rate,10 as well as weakness in hip extension and ter-
minal knee flexion.11 Despite the tremendous advances
in surgical procedures for ACL reconstruction, graft
failure still occurs at a rate of 2% in the 2 years after
surgery,18 and this rate increases to 11.9% at 10 years
after surgery.19 As such, several factors are responsible
for reinjuries, such as a patient’s young age and high
level of athletic activity. Moreover, reinjuries may be
due to previous meniscectomy or even surgical tech-
nique errors related to graft handling, such as placing,
tensioning, and/or fixing the harvested graft.20,21

The rate of ACL reconstruction revision surgery has
increased over the past several years, and it is projected
to further increase in the future, especially with the
social and cultural emphasis on sports participation and
physical activity.21,22 Despite the literature being sparse,
study results have shown the superiority of primary
ACL reconstruction over revision ACL reconstruction
with better patient-reported outcome scores.22,23

However, these reported scores and stability evalua-
tions may not reflect the clinical benefit of revision ACL
reconstruction experienced by the patient.24 In their
meta-analysis, Andriolo et al.21 (2015) reported that of
the 75% of patients who returned to sports, only
around 43% were able to return to the same level of
Table 1. Risks and Limitations of Technique

Risks
Tendency to insert graft in anterior fashion, leading to extension
limitation

Risk of cyclops lesion owing to remnant preservation
Overconstraint of joint
Tendency to have increased overall thickness owing to combined
size of remnant and graft, leading to PCL impingement

Limitations
Lack of long-term outcome data
Strict patient compliance required for rehabilitation

PCL, posterior cruciate ligament.
activity.22 Furthermore, it is estimated that a third of
patients will have another ACL tear within a few years
after the primary ACL reconstruction.25 Patients with a
ruptured ACL are at a significantly increased risk of
osteoarthritis development, especially those with a
concomitant meniscal injury.26 Around half of
ACL-injured patients will require surgical intervention
for meniscal injury within the first 5 years post-
operatively, which increases the prognosis of osteoar-
thritis from a rate of 0% to 13% to a rate of 21% to
48%.27 Hence, preventing a secondary meniscal injury
serves as a major element in reducing the rate of
osteoarthritis development.25 Grindem et al.25 (2016)
reported a 4 times greater rate of reinjury in patients
who participate in level I sports (e.g. jumping and
pivoting) after ACL reconstruction. Moreover, a 9-
month delay before returning to sports, along with
symmetrical strengthening of the quadriceps muscles,
was associated with an 84% decreased risk of reinjury
after ACL reconstruction. Additionally, reinjuries were
seen among 38.2% of patients who did meet the
return-to-sport criteria versus 5.6% of patients who
met these criteria.25 On the other hand, a study con-
ducted by Corradini et al.28 (2010) showed significant
improvement among patients who underwent
Table 2. Advantages and Disadvantages of Technique

Advantages
Invasion of 1 cortex, leading to less morbidity and pain, yielding
early return to activities

Anatomic reconstruction with ACL remnant preservation
Preservation of proprioception with early mobilization and return
to sports

Rigid fixation
Disadvantages

Technically demanding anterior tibial tunnel and anterior femoral
tunnel

Requirement for incision of remnants in direction of fibers

ACL, anterior cruciate ligament.
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accelerated rehabilitation of proprioception after ACL
reconstruction via perturbation-based exercises. This
enhancement in knee proprioception might allow an
early return to athletic activities by patients.28

The sites of intra-articular graft remodeling and intra-
tunnel graft incorporation are 2 different sites where
graft healing occurs during the postoperative course.29

After ACL reconstruction, graft healing occurs in 3
stages. The early stage is characterized by hypo-
cellularity and limited necrosis of the graft that shows
no detectable revascularization. This is followed by a
stage of intense graft remodeling and revascularization
associated with cellular proliferation. The last stage is
the intra-articular remodeling of the graft (ligamenti-
zation) during which the graft is restructured toward
the characteristic properties of an intact ACL.29 In their
study, Howell et al.30 reported no detectable revascu-
larization of the graft during the first 2 postoperative
years. The un-impinged hamstring graft retained the
same hypovascular profile as the native posterior cru-
ciate ligament. However, magnetic resonance imaging
scans showed rich vascularization of the soft tissue
surrounding the graft, which led the authors to postu-
late that the graft viability after ACL reconstruction is
more dependent on synovial diffusion than on revas-
cularization.30 Additionally, graft biopsy specimens
showed limited neovascularization that was below the
threshold that could be seen on magnetic resonance
imaging.31 Janssen et al.32 reported that the completion
of the stages of hamstring remodeling can take up to
2 years after ACL reconstruction.
Our technique is an all-inside technique with

remnant preservation, whereby drilling of the tunnel is
performed through the soft tissue after proper identi-
fication. To prevent joint pain and stiffness, it is
important not to over-tighten the graft. Moreover,
immediate weight bearing with a brace is allowed on
day 1 postoperatively, in addition to physiotherapy for
strengthening, proprioception, and range of motion.
Typically, running is achieved by 2 months post-
operatively, and pivoting sports are allowed by
3 months postoperatively. When this technically
demanding surgical procedure is performed while tak-
ing into account its risks and limitations (Table 1), the
clinical and functional outcomes of patients are very
promising, with an earlier return to sports activity and
better tolerance of the rehabilitation protocol (Table 2).
The described technique for ACL reconstruction

merges ACL augmentation and all-inside techniques,
with an emphasis on proprioception preservation and
increased anatomic construct stability. The aim of this
technique is early mobilization and an early return to
activity, with decreased postoperative pain, along with
improved postoperative patient-reported clinical and
functional scores.
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